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Al-Quran Chapter 96: Al-Alaq  

In the name of Allah, the most Beneficent, the most Merciful. 

 

Read! In the name of your Lord, Who has created. Has 

created man from alaq (clinging-clot of blood or clinging leech-

like form in early embryonic stage). 

Read! And your Lord is the most Generous. Who has taught 

by the pen. 

Taught man that which he knew not. 
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SUMMARY 

yanobacteria have harmful as well as beneficial aspects. In current study, the 

extracts of isolated indigenous cyanobacterial strains were investigated for their 

bioactivities and toxicities. On the other hand, phycobiliproteins were also investigated for 

their potent antioxidant properties that can prevent and ameliorate the genetic toxicity 

caused by antineoplastic drug doxorubicin that cause secondary cancers.  

A total of eight cyanobacterial strains were successfully isolated and purified from various 

environmental sources. After applying a polyphasic approach which included 

morphological, 16S rRNA gene sequencing and phylogenetic analysis, five filamentous 

non-heterocystous strains (Oscillatoria sp. SI-SA, Oscillatoria sp. SI-SF, Oscillatoria sp. 

SI-SK, Leptolyngbya sp. SI-SM and Phormidium sp. SI-SC), two filamentous non-

branching heterocystous strains (Nostoc sp. SI-SN and Calothrix sp. SI-SV) and one 

unicellular strain (Chroococcidiopsis thermalis SI-ST) were identified. Under optimized 

physiological conditions the eight strains showed best growth under continuous low 

intensity light of 40 µE m-2 s-1, between the temperature range of 25 to 30ºC and pH range 

of 7 to 8. These strains were also classified as slight to moderately halotolerant amongst 

which the strains SI-SC and SI-ST tolerated salt stress up to 1M.  

Phycochemical screening of the 8 strains revealed them to be productive strains with high 

nutritional value. The strains also showed accumulation of high-value pigments like 

phycobiliproteins and carotenoids with phycobiliproteins produced in the range of 28.99% 

dry weight in SI-SA to 5.07% in SI-ST whereas carotenoids were produced in the range of 

1.3% dry weight in SI-SV to 0.1% in SI-SF and SI-SK each. The strains also showed 

potential in producing diverse secondary metabolites which included: phenolics, 

flavonoids, alkaloids, reducing sugars, cardiac glycosides, saponins, sterols and terpenoids. 

The alkaloids were produced in the range of 0.74% dry weight in SI-SC to 2.772% in SI-

ST. All the strains also produced phenolic compounds in the range of 0.39% dry weight in 

strain SI-SF to 1.26% in strain SI-SM whereas flavonoids were produced in the range of 

0.171% dry weight in strain SI-SA to 0.344% in strain SI-SM with rutin, tannic acid, 

orcinol, phloroglucinol and protocatechuic acid being the most prevalent in all strains. The 

bioactive and toxicity status of the strains were studied by extracting their metabolites in 

various solvents amongst which the aqueous extracts showed very high and potent 

antioxidant activities with EC50 values ranged between 18.54 and 21.15 µg ml-1 in SI-SA to 

67.21 and 73.73 µg ml-1 in SI-ST with ABTS and DPPH assay respectively which was 

shown to be due to highly polar colored phycobiliproteins. Conversely, AMC solvent 
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mixture (acetone: 2% acidified methanol: chloroform in 10:8:6 ratio) extracted the most 

metabolites and hence also showed high bioactivity by showing significantly strong broad-

spectrum antimicrobial activity against bacterial and yeast pathogens with MIC as low as 

0.073 µg ml-1 in case of SI-SM against Staphylococcus aureus to as high as 23.95 µg ml-1 

by SI-SF against Enterobacter sp. Much of the antimicrobial activities were due to polar 

and mid-polar compounds as observed with bioautographic assay. In case of toxicity, 50% 

of the 8 isolated AMC biomass extracts were biotoxic with lethal effects against Artemia 

salina. Furthermore, 50% strains also showed cytotoxicity towards stimulated lymphocytes 

whereas the other 50% were non-toxic. The AMC extracts of 7 strains also showed severe 

embryotoxic effects with inhibition of angiogenesis at all concentrations tested whereas 

strain SI-SF also showed severe teratogenic effects with various developmental 

abnormalities in early stages of developing chicken embryos. The AMC extracts also 

showed promising anticancer activities against two breast cancer cell-lines MCF-7 and 

MDA-MB-231 with highest potential shown by SI-SN, SI-ST and SI-SA. Furthermore, 

only strain SI-SN showed highly potent anticancer activities with complete eradication of 

both cell-lines via apoptosis at concentrations of 12.70 and 9.60 µg ml-1 respectively. On 

close inspection it was found out that the extracts of SI-SN were more pronounced towards 

the more aggressive and resistant cell-line i.e., MDA-MB-231.  

The AMC extracts of the 8 strains were further investigated for their mutagenic potential 

against TA100, TA97a, TA98 and TA102 Salmonella mutant strains with and without 

metabolic S9 activation. All the strains showed base pair substitution mutations against 

TA100 with and without S9 activation whereas strain SI-SF, SI-SK and SI-ST also showed 

frameshift insertion and transition/transversion nonsense mutations against TA98 and 

TA102 respectively. Conversely, strains SI-SF also showed frameshift deletion mutation 

against TA97a only with S9 activation.  

To study the chemopreventive activities of PBPs, C-phycocyanin (CPC) and C-

phycoerythrin (CPE) from selected strains SI-SA and SI-SN respectively were studied. 

CPC and CPE were isolated and purified up to a purity ratio of 4.89 and 4.69 respectively. 

The proteins were purified up to purity ratios of 4.89 and 4.69 with concentrations of 29.4 

and 10.56 mg g-1 respectively. Electrophoretic and spectral analysis characterized them to 

have two subunits of 19 and 16 and 17 and 15 kDa in case of CPC and CPE respectively. 

Both proteins showed characteristic patterns of phycobiliproteins with FTIR where CPC 

and CPE characterized to have α-helix and β-sheets respectively as their dominant 

secondary protein structures. The proteins showed stability at 4ºC for at least a month. 

Bioactively, the proteins proved to be highly potent antioxidants with non-toxic activities  
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The genotoxicity of cyanobacterial extracts showed that out of 8 strains 5 (SI-SF, SI-ST, 

SI-SK, SI-SN and SI-SM) showed single and double strand breaks in plasmid DNA whereas 

with lymphocytes in comet assay, all the strains showed mild to severe genotoxicity with 

the formation of hedgehog comets at highest non-cytotoxic concentrations. Furthermore, 

the AMC extracts of 5 (SI-SF, SI-ST, SI-SK, SI-SN and SI-SM) out of 8 strains also showed 

moderate to severe chromosomal and chromatid-type aberrations in stimulated 

lymphocytes in a dose dependent manner. The genotoxicity was revealed to be partially if 

not entirely due to the accumulation of 8-OHdG oxidative stress DNA lesions. Conversely, 

purified c-phycocyanin (CPC) and c-phycoerythrin (CPE) from strains SI-SA and SI-SN 

respectively showed efficient protection of plasmid DNA from hydroxyl radicals produced 

by Fenton’s reaction in a dose dependent manner. Furthermore, they also showed 

chemoprevention of human DNA from oxidative stress produced by doxorubicin in a dose 

dependent manner when pre and simultaneous-treatments were applied, whereas CPC also 

showed significant reduction in DNA damage when post-treatment was applied. In case of 

pre- and simultaneous treatment with CPC and CPE more than 90% DNA damage induced 

by doxorubicin was ameliorated. Conversely, with post treatment only CPC showed more 

than 50% reduction in DNA damage whereas CPE did not show any significant decrease. 

Purified CPC and CPE also showed potent anti-clastogenic activities by ameliorating 

chromosomal aberrations induced by doxorubicin. In case of pre- and simultaneous more 

than 70% of chromosomal aberrations were ameliorated by both CPC and CPE at highest 

dose of 50 µg ml-1 however in post-treatment with doxorubicin only CPC ameliorated 

damage up to 39.08%. Furthermore, both purified proteins also normalized the DNA 

damage marker 8-OHdG more than 90 and 85% in case of pre- and simultaneous treatments 

respectively whereas with post-treatment only CPC normalized this marker up to 78.2%. 

The non-targeted metabolome fingerprinting of AMC crude extracts of 4 selected strains; 

SI-SF, SI-SN, SI-SM and SI-ST showed presence of small metabolites with 63 most 

prominent toxic, mutagenic, teratogenic, oxidative stress producing as well as  

pharmaceutically/nutraceutically important bioactive compounds which could be the cause 

of their interesting bioactivities and toxicities.  

In conclusion, many interesting compounds have been identified in cyanobacterial extracts 

which could be the cause of their harmful activities, but despite their toxicities, these strains 

can still be used as bioresources for the extraction and purification of naturally high 

amounts of non-toxic phycobiliproteins which showed potent antioxidant and 

chemopreventive activities.    
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CHAPTER: 01 

INTRODUCTION 

Cyanobacteria are the extremely intriguing group of eubacteria that deserve the true title of 

superbugs. These peculiar Gram-negative, colorful prokaryotes, perform oxygenic 

photosynthesis like that of eukaryotic plants since they have chlorophyll-a and 

phycobiliproteins which also give them their signature blue-green appearance (Vázquez-Nion 

et al., 2013). However, with the addition of carotenoids, cyanobacteria can also exist 

naturally in many other colors that make their biomass appear green, purple, brownish-red, 

bluish-green, olive-green, orange, yellow-green and also sometimes black or dark-brown 

depending on the eco-physiological conditions and the predominance and relative ratio of 

their bio-pigments (Warren, 2016). Furthermore, cyanobacteria not only have plant-like 

photosynthesis but they are also equipped with another versatile process of nitrogen-fixation 

unlike plants, which makes these microbes very successful primary producers in various 

ecosystems (Gan et al., 2014). They play major part in the regulation of biogeochemical 

cycles of the earth and reported to contribute ~20-30% of the global oxygen (Casamatta and 

Petr Hašler, 2016; Pisciotta et al., 2010). Cyanobacteria are oxy-photoautotrophs but many 

species can still grow with heterotrophic mode by using organic molecules as carbon source 

(Schönknecht et al., 2013). 

Cyanobacteria are one of the most ancient living organisms with a fossil record of 2.4 billion 

years and their long history is reflected in the form of stromatolites, which are dome shaped 

stratified rocks formed over time by the binding of sedimentary rocks and gravels with the 

biofilms of microorganisms including cyanobacteria (Figure 1.1 a) (Kaźmierczak et al., 

2015). Since cyanobacteria produce gaseous oxygen during photosynthesis, they are strongly 

believed to be involved in the oxidation of the early earth’s atmosphere that rusted the earth, 

as evident from the banded iron formation of the sedimentary rocks (Figure 1.1b), and lead to 

the “Great Oxygenation Event” (GOE) (Schirrmeister et al., 2015). This oxygenic 

catastrophe lead by cyanobacteria is responsible for one of the most important extinction 

events in the Earth’s history which finally opened the door for aerobic organisms to evolve 

by turning the anoxic environment into oxic one (Schopf, 2012). Furthermore, cyanobacteria 
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also helped in the evolution of phototrophic eukaryotes explained by endosymbiotic theory 

which is quite evident from the structural and genetic similarities between cyanobacteria and 

chloroplast found in eukaryotic algae and plants (Ku et al., 2015). 

Due to their ancient history, cyanobacteria have become cosmopolitan organisms, literally 

inhabiting any illuminated environment on earth, even those deemed extremely hostile for 

life (Figure 1.2) (Oren, 2014). They have been found living in habitats from freshwater 

bodies like lakes, streams and rivers to brackish and marine waters. They are also found 

thriving in extreme habitats including: hypersaline lakes, deserts ranging from hottest Sahara 

desert to coldest dry valleys of Antarctica, hot-springs, rocks and glaciers (Whitton, 2012). 

Although cyanobacteria are mostly free living, they also form symbiotic associations with 

various aquatic and terrestrial organisms of all domains of life (Cuddy et al., 2012). In 

aquatic habitats, cyanobacteria have been seen forming a symbiotic association with diatoms, 

dinoflagellates, sponges, cnidarians, echiuroid worms and corals (Sarma, 2012a). In 

terrestrial embryophytes, cyanobacteria have been found in a symbiotic relationship with 

liverworts, hornworts and mosses (bryophytes), water-fern Azolla (pteridophytes), cycads 

(gymnosperms), flowering plant Gunnera (angiosperms) and lichens, the fungal association 

(Adams et al., 2012). Cyanobacteria of the aquatic habitats are infamously known to form 

visible green net-like blooms (Merel et al., 2013). Indeed, it is the luxuriant and problematic 

growth of cyanobacteria in these environments, which has made them to earn the title of 

“nuisance algae” or “pond scum.” However, their abilities to survive through adverse 

conditions by forming resistant spores (Flores and Herrero, 2010), opportunistically 

colonizing microhabitats and surviving under conditions of high UV-flux through production 

of UV-absorbing pigments (Matsui et al., 2012) have made them quite successful organisms 

on Earth. 

Although cyanobacteria are monophyletic in nature but they still possess highly diverse 

morphological features. The main division is between unicellular and filamentous 

morphologies however further analysis also reveals that these microbes can exist in either 

solitary or in grouped form (Whitton and Potts, 2012) where some have extracellular loose or 

firm mucilaginous sheaths of polysaccharides around their cells and trichomes whereas others 

are without them (Kehr and Dittmann, 2015). Cyanobacteria also possess intracellular 

thylakoid membranes where lies their photosynthetic machinery whereas CO2 fixation occurs 
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Figure 1.1:   Fossil records of cyanobacterial involvement in oxygenation of early earth 

atmosphere. (A). Stromatolites in Shark Bay, Australia (1Sharkbay, 2016). (B). Banded iron 

formation (2Churchard, 2013). 

 

      

     

     
 

Figure 1.2:   Cyanobacteria thriving in various habitats. (A). Cyanobacteria growing in Fly 

geysers of Black rock desert Nevada USA (3Munns, 2005) (B). Blue-black cyanobacterial mats in 

desert salt flats Utah, USA (4Brown, 2007). (C). Underwater Nostoc pruniforme ball-like colonies 

(5Roberge, 2014). (D). Cyanobacterial blue-green growth on ice in a fissure (6Kils and Marschall 

1995). (E). Pink-red pigmented cyanobacterial bloom with white soda foams in deadly hot alkaline 

(pH 10.5, 60 °C) hypersaline lake Natron, Tanzania (7Valhalla, 2014).  (F). Cyanobacterial bloom in 

a cold mountain stream near Murree, Pakistan. (G). Cyanobacterial bloom showing yellow, orange 

and green colored pigments in hot spring of Yellowstone National Park, USA (8Yellowstone, 2016). 

(H). Hypolithic cyanobacteria growing on quartz rock (9 PolarTrec, 2009). (I). Cyanolichen Peltigera 

malacea (10Hollinger, 2010).  
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in special intracellular bodies called carboxysomes (Flores and Herrero, 2014). They have 

also evolved special nitrogen-fixing cells called heterocysts where atmospheric nitrogen is 

biotransformed with nitrogenase enzyme which only works in a micro-anaerobic 

environment provided by these cells (Flores et al., 2015). Furthermore, some bloom forming 

planktonic species also have gas vesicles that regulate buoyancy for cyanobacteria in aquatic 

columns so as to adjust their position for efficient light harvesting and gaseous exchange 

(Ramsay and Salmond, 2012). Under stressful conditions some species of cyanobacteria also 

produce akinetes which are the thick-walled dormant vegetative cells and can even 

differentiate into dispersible filaments of motile hormogonia through asexual reproduction 

(Claessen et al., 2014).  

Cyanobacteria are infamous when it comes to taxonomy since many researchers have tried to 

classify them without much success (Perkerson et al. 2011) since no single approach is 

sufficient for their accurate identification and classification due to the plasticity of their 

morphological features as well as their high association with other organisms which makes 

DNA hybridization studies difficult (Palinska and Surosz, 2014). The modern study of 

cyanobacterial diversity is a complex evaluation of cyanobacterial populations and strains, in 

which the phylogenetic background derived from conserved DNA sequence analysis is 

integrated with the autapomorphic and ecological features of the revised taxa and termed as 

polyphasic approach (Komárek et al., 2014). The phylogenetic relationships are therefore the 

basis of the systematic evaluation, but other characteristics, such as cytomorphological 

features and ecological aspects, have also been taken into account as an integral part of the 

characterization of cyanobacterial taxa (Strunecký et al., 2013). Currently, cyanobacteria are 

classified into five subsections (Brito et al., 2012; Rippka et al., 1979). Subsection I includes 

species that are unicellular and divide by binary fission. Subsection II species are also 

unicellular however they divide by multiple fission which leads to formation of baeocytes. 

Subsection III species are filamentous and non-heterocystous that divide by trichome 

breakage. Subsection IV contains species that are filamentous with the ability to form 

heterocysts and akinetes and reproduce by dispersal of hormogonia. The species of 

subsection V are also filamentous and form heterocysts and akinetes however, they have the 

ability to divide either in one plane which produce false branching or in multiple planes 

leading to true branching of the trichomes.   
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Since their early evolution, cyanobacteria had enough time to diversify and adapt to the 

newly formed niches of the oxygenic earth. This ability of cyanobacteria to adapt 

successfully in various environments comes from the fact that they produce unique pigments, 

enzymes and intracellular and extracellular compounds as products of their primary and 

secondary metabolism having both beneficial and harmful properties (Beraldi-Campesi, 

2013). This makes cyanobacteria a treasure trove of untapped and very interesting toxic as 

well as bioactive compounds, which can be very useful in various biotechnological fields 

especially in nutraceutical and pharmaceutical applications.   

Toxic Properties of Cyanobacteria 

Due to the unstoppable anthropogenic activities and the alarming increase in the global 

warming, many water bodies are suffering from bouts of eutrophication caused by 

cyanobacterial growth in the form of rapidly expandable blooms. This now have become a 

concerning issue because cyanobacterial blooms possess the ability to alter ecosystem 

functioning by disturbing the very structure of the native community (Sukenik et al., 2015). 

This happens because sometimes, eutrophic growth of cyanobacteria produces very potent 

toxins in their biomass as well as in their vicinity before or after their lysis, most probably to 

ward off potential grazers and as a strategy for competitive dominance through quorum 

sensing and allelopathy (Hilborn and Beasley, 2015). These chemicals are generally known 

as cyanotoxins and include some of the most deadly toxins of biological origin with diverse 

mode of actions that include cyclicdepsipepdide hepatotoxin microcystins, neurotoxins 

anatoxin-a, saxitoxins, β-methylamino alanine (BMAA), cytotoxin cylindrospermopsins and 

endotoxins lipopolysaccharides (Metcalf and Codd, 2012). A summary of various 

cyanotoxins, their mode of action and effects are described in Table 1.5. Among these 

cyanotoxins, microcystins are present commonly in various cyanobacterial species and 

represent the most potent of all cyanotoxins to date with more than 90 structural variants 

(Singh et al., 2015b).  

These toxins can also induce genotoxicity, mutagenicity as well as carcinogenicity but their 

modes of actions are not fully understood and the data is scarce. However studies on 

microcystins and nodularin have shown that they exert genotoxicity and carcinogenicity 

through hyperphosphorylation of proteins by inhibiting activities of protein phosphatases and 
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Table 1.1:   Cyanotoxins, their acute toxicity and mode of action (WHO, 2003).  
Types of Cyanotoxins LD50 (i.p. 

Mouse µg/kg 

Toxic Cyanobacterial  

Genus 

Mechanism of  

Toxicity 

Symptoms References 

Cyclic peptides with protein phosphatase inhibiting property  

Microcystins 

(~90 known congeners) 

45-1000  Microcystis,           

Planktothrix, Oscillatoria,  

Nostoc, Anabaena, 

Anabaenopsis, 

Haplosiphon 

Hemorrhaging of the liver; tumor-

promoter, hepatic insufficiency, 

alterations of actin microfilaments. 

 

Weakness, G.I. irritation, 

reluctance to move, liver damage, 

mental derangement, 

Photosensitization, asphyxiation, 

headache, death. 

 

Microcystin-LR 60 (25-125) (Chorus and Bartram, 1999). 

Microcystin-YR 70 (Watanabe et al., 1988). 

Microcystin-RR 300-600 (Chorus and Bartram, 1999). 

Nodularin 30-50 Nodularia spumigena Protein phosphatase inhibitor,  

tumor promoter, liver hemorrhage. 

Skin and eye irritation. (Chorus et al., 2000). 

Neurotoxins   

Anatoxin-a (alkaloid) 

(Tropane-related 

alkaloids) 

200-250 Anabaena flos aquae, 

Anabaena lemmermannii, 

Planktothrix, 

Aphanizomenon, 

Cylindrospermopsis 

Blocks post-synaptic  

depolarization 

Muscle fasciculation, 

Reluctance to move, 

cyanosis, convulsions, death. 

(Chorus and Bartram, 1999). 

Anatoxin-a(s)  

(Guanidine methyl- 

Phosphate ester) 

40 Known only from 

Anabaena sp. 

Aphanizomenon sp. 

Blocks acetylcholine-esterase Respiratory paralysis 

Hypersalivation, mucoid nasal 

discharge, tremors, 

diarrhea, paresis, death. 

(Mahmood and Carmichael, 

1986). 

Saxitoxins / 

Neosaxitoxins 

(carbamate alkaloids) 

 

BMAA 

10-30 

 

 

 

301–1043  

mg 

Lyngbya, Aphanizomenon, 

Anabaena, 

Cylindrospermopsis 

raciborskii 

Prochlorococcus marinus, 

Synechococcus PCC 6301 

Blocks sodium channels 

 

 

 

Disrupts tertiary structures of 

proteins and their functions. disrupts 

function of the neuronal receptors 

and glutamate antagonist. 

Loss of coordination, 

respiratory failure, numbness of lips, 

face and extremities, weakness, 

paralysis, death. 

Memory deficits, olfactory deficits, 

disorientation, personality changes, 

muscle weakness or atrophy, 

bradykinesia and gait, disturbance. 

(Oshima, 1995). 

(Wolf and Frank, 2002).  

 

 

NIEHS, 2008 

Cox et al., 2005 

 

Cytotoxin  

Cylindrospermopsin  

(Guanidine alkaloid) 

2100 in 1 day 

200 in 5-6 

days 

Cylindrospermopsis 

raciborskii 

Protein synthesis inhibitor, 

culminating effects damage 

liver, kidney, intestines & lung cells. 

Carcinogenic effects. 

Asphyxiation, diarrhoea, 

gasping respiration, enlarged liver, 

malaise, vomiting, headache. 

(Chorus and Bartram, 1999). 

Dermatotoxins   

Lyngbyatoxin-a  

(alkaloid) 

250 

 

Lyngbya, Oscillatoria, 

Schizothrix. 

Ornithine decarboxylase induction potent tumor promoters, cause 

dermatitis, blisters and necrosis in 

mammals.  

(Ito et al., 2002). 

Aplysiatoxins 

(alkaloid) 

300 Lyngbya, Oscillatoria, 

Schizothrix. 

Protein kinase-C activators  Inflammation, potent tumor promoters.  (Ito and Nagai, 1998). 

Endotoxins  

Lipopolysaccharide 

(LPS) 

45,000-

190,000 

All Cyanobacteria Potent Antigens, binds the 

CD14/TLR4/MD2 receptors. 

Inflammatory agents, gastrointestinal 

irritants. 

(Stewart et al., 2006) 

LD50;  Half maximal dose response that kills 50% experimental animals under study. I.P= intraperitoneal
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also increase the expression of TNF-α and other cell-cycle regulatory proteins which lead to 

DNA damage and tumor promotion (Zegura et al., 2011b). Microcystin-LR has also been 

reported to cause DNA strand breaks in HepG2 cell-line, cause lipid peroxidation and 

induces accumulation of 8-OHdG oxidative stress DNA damage lesions (Roegner and 

Puschner, 2014). 

Cyanobacteria also produce pheromones and certain compounds that are classified as 

pollutants in the aquatic ecosystems. These compounds include phthalic acid and its esters. 

The presence of phthalic acid and its esters in the aquatic habitat was originally thought to be 

due to pollution caused by synthetic plastics, which were accumulated intracellularly by 

cyanobacteria however, recent studies have shown that cyanobacteria produce phthalic acid 

de novo and could also be involved in the added contribution of this pollutant (Babu and Wu, 

2010). Phthalic acid esters act as oxidative stress inducers and endocrine disruptors (Wang et 

al., 2012) which could also be the cause of increasing incidence of carcinomas of the 

reproductive organs in young Pakistanis along with other factors (Menhas and Umer, 2015).    

Apart from their toxins, cyanobacteria have also been known to produce organic nitrogen 

compounds that are suspected to be carcinogenic, mutagenic, and teratogenic. Notable among 

these compounds are the trihalomethane (THM) which are formed when these nitrogenous 

compounds react with chlorine, used as a disinfectant in water reservoirs, which leads to the 

formation of THM-chloroform (Zamyadi et al., 2015). Epidemiological study showed 

association between chlorine-treated reservoir water and high birth defect rates (Al-Omari et 

al., 2014). The reservoir water tested with Ames test in rats and fish have revealed positive 

mutagenicity during reservoir blooms dominated by cyanobacterium Oscillatoria subbrevis 

(Lanza and Silvey, 2012). The studies showed that rats that were fed with reservoir water 

gave birth to pups with neurological disorders that lasted up to six consecutive generations 

despite the fact that only F0 and F1 generations were treated with mutagenic reservoir water 

(Carmichael, 2013; Collins et al., 1981). A recent study showed retinoid-like activity 

equivalent to 1-1.3 µg all-trans-retinoic acid g dw-1 from Aphanizomenon gracile extract, 

which induced teratogenic effects in zebrafish embryos causing the body length to increase, 

(Jonas et al., 2015). They further showed that pure cyanotoxins did not play significant role 

in these effects which shows that there might be synergistic interacts between cyanotoxins 

and other still unknown toxins present in the crude extracts. These facts might invoke fear in 
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the reader from these microbes, but unlike other deadly bacterial and viral pathogens, 

cyanobacteria are not completely discreet in their malevolence. This is because, along with 

their luxuriant visible growth, cyanobacteria often produce odorous compounds with foul 

taste like geosmin and 2-methylisoboreneol (MIB) during the course of their life cycle 

(Graham et al., 2010). This clearly indicates the need to prevent humans and animals getting 

exposed to the contaminated water as a precautionary measure and its subsequent 

investigation and cleaning treatment by the local authorities.  

Medicinal Properties of Cyanobacteria 

Although cyanobacteria are reported to cause harm in living organisms but not all species are 

toxic, in fact cyanobacteria have many health promoting and therapeutic benefits.   

Cyanobacteria have been known to possess medicinal properties since 1500 BC, when Nostoc 

species were used as medicine in order to cure cancers as well as for the treatment of medical 

conditions like gout and fistula (Shanab et al., 2012). Cyanobacterium Spirulina maxima has 

been in use as a food product since ancient times in central Africa around Lake Chad and 

Lake Texcoco in Mexico (Tambiev and Skalny, 2012). Spirulina is well known to have 

therapeutic properties against oxidative stress related diseases and cancers since it is a rich 

source of minerals, vitamin B12, β-carotene, thiamine, and riboflavin, fatty acids and other 

antioxidants like phycocyanin and vitamin E (Small, 2011). It is also beneficial as a 

functional food ingredient to enhance the nutritional value of a food product (Mishra et al., 

2014). In China, cyanobacterium Nostoc commune Var. flagelliforme has been used as an 

edible plant for 2000 years which is still revered as a health food because of its high protein 

and pigment and low fat contents (Itoh et al., 2014). Furthermore, people consume Nostoc 

(Fa cai in Chinese) by cooking and it is being sold in the market as food (Jiang et al., 2013). 

Since 400 years, Nostoc flagelliforme has been an active ingredient in traditional Chinese 

medicine for the treatment of hepatitis, hypertension and diarrhea, because this 

cyanobacterium contains high amounts of therapeutic compounds such as carotenoids, 

phycobiliproteins, chlorophyll and 19 amino acids (Chu, 2012). Nostoc sphaeroides known 

as Ge-Xian-Mi also possess medicinal qualities much appreciated since the Eastern Jin 

Dynasty (317-420 AD) to treat hypertension, inflammation, night blindness, burns, anxiety 

and chronic fatigue (Qin et al., 2013). Likewise, cyanobacteria are also being consumed as 
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food in various south-east Asian countries where their nutritional value is greatly appreciated 

since ancient times. 

Pharmaceutically Important Metabolites of Cyanobacteria 

Recently, cyanobacteria have become an attractive bioresource of innovative classes of 

pharmacologically active compounds with very unique and interesting bioactivities, which 

include; antibiotics, immunosuppressant, anticancer, antiviral and anti-inflammatory 

activities to proteinase-inhibiting agents (Vestola et al., 2014). These bioactive compounds 

are the product of their secondary metabolism with 40% contribution from lipopeptides, 5.6% 

from amino acids, 4.2% from fatty acids, 4.2% from macrolides, and 9% from amides (Singh 

et al., 2011). Lipopeptides present diverse biological activities with 41% cytotoxic, 13% 

antitumor, 12% antibacterial and 4% antiviral activities whereas other 18% covers 

antimalarial, antimycotic, multi-drug reversing and immune-suppressive bioactivities (Raja et 

al., 2015). There are currently 1100 secondary bioactive compounds reported from 39 genera 

of cyanobacteria (Dittmann et al., 2015). Cyanobacteria have great diversity and novelty in 

their secondary metabolites due to the presence of both non-ribosomal peptide synthetases 

(NRPS) and polyketide synthases (PKS) (Kehr et al., 2011). They have enzymes and small-

molecules responsible for tailoring, oxidation and methylation from which plethora of 

bioactive compounds can be synthesized some of which include; linear and cyclic peptides, 

swinholides, fatty acid amides,  macro-lactones, glycol-macrolides, alkaloids and derivatives, 

terpenes and derivatives etc. (Costa et al., 2012). Furthermore, these bioactive compounds 

include cyanotoxins, which, from a pharmacological point of view, can be exploited as 

anticancer therapeutics due to their targeted biological activities and characteristic 

physicochemical properties (Sainis et al., 2010). Interestingly, cyanobacterial cyclopeptides 

have unique pharmacophore structures that could be developed into a novel class of 

chemotherapeutic drugs against cancers especially against organic anion transporters in 

metastatic cancer cells, the primary molecular targets of these compounds (Herfindal et al., 

2009). Cyanotoxins also have ecological roles as allelochemicals, and could be employed 

commercially for the synthesis and manufacturing of compounds with algaecidal, herbicidal 

and insecticidal properties (Bellinger and Hagerthey, 2010). Apart from these toxins, 

cyanobacteria also produce cytotoxins with potent biological activities (Vestola et al., 2014). 

These cytotoxins are very diverse in their structure and function and some are associated only 
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with certain strains of cyanobacteria (Jaisawal et al., 2008). A summary of various cytotoxins 

with diverse pharmaceutically important biological activities are given in Table 1.2.  

Although many of the bioactive secondary metabolites isolated and purified from 

cyanobacteria have potential therapeutic uses, none has yet been approved for clinical use. 

This is due to the fact that the bioactivity of the pure substance is either too toxic or absent 

and any synergistic effects in raw extracts are no longer shown (Clearwater et al., 2014). 

Earlier, Falch et al. (1995) also reported that after purification from crude extract, the 

bioactivities of the pure compound decreased whereas similar results were later shown by 

(Srivastava et al., 2015). That is why; much work has been done on the crude extracts of 

cyanobacteria with potent bioactivities. Methanolic extracts from cyanobacterial species; 

Tychonema, Aphanizomenon, Cylindrospermopsis, Microcystis were reported to be highly 

bioactive with potent antibacterial activities (Kumar, 2014). The methanolic extract of 

Chroococcus dispersus has shown antifungal and antituberculosis activity (Osman et al., 

2015). The chloroform and methanol extracts of Hapalosiphon sp. have shown 

antimycobacterial activity (Salem et al., 2014). Antimicrobial activity of ethanol, acetone and 

methanol, extracts of O. latevirens, Chrococcus minor and M. aeroginosa have shown potent 

broad spectrum antimicrobial activities (Kumar, 2014). Aqueous extracts of Synechocystis sp. 

and Synechococcus sp. have shown cell shrinkage, apoptosis with membrane budding (Costa 

et al., 2012). Aqueous and ethanolic extracts of Pseudanabaena sp., Pseudanabaena cf. 

galeata and Microcystis aeruginosa have shown selective anti-proliferative activities against 

MCF-7 cells by inhibition of the pro-survival Akt kinase and initiation of apoptosis 

(Felczykowska et al., 2015). Orally administered hot-water extract of Spirulina platensis 

have shown IFN-γ production and NK-mediated Rae-1-positive cell killing activity in mice 

implanted with tumor growth where the extract evoked a unique MyD88-dependent NK 

activation through mucosal immune responses (Akao et al., 2009).  

It has also been shown that the extracts of marine Synechocystis sp. and Synechococcus sp. 

caused apoptosis in eukaryotes and has powerful antibacterial activity against Gram-positive 

bacteria which was suggested to be caused by compounds in the extracts with varying 

polarities (Uzair et al., 2012). Recently, green carbon nanotags (G-Tags) from toxic 

cyanobacteria have been synthesized for use in cancer therapy because of their low 

cytotoxicity, higher solubility, photostability and ability to induce death in multiple cancer 
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Table 1.2:   Some Pharmaceutically important bioactive secondary metabolites isolated from cyanobacteria (Grewe and Pulz, 2012). 
Cyanobacteria Compound Class   Compound Name Bioactivity Mode of Action References 

Nostoc spp. Depsipeptide/ 

Polyketide 

Cryptophycin-1 

Cryptophycin-24 

Cryptophycin-54 

Anticancer 

Antifungal 

Antifungal 

Inhibition of tubulin 

polymerization 

(Trimurtulu et al., 1994) 

Scytonema hofmanni Depsipeptide Cyanopeptolin  

1067A 

Cytotoxic Protease Inhibitor (Gademann and Portmann, 

2008) 

Symploca sp. Depsipeptide Largazole Cytotoxic/ antiproliferative HDAC Inhibitor (Taori et al., 2008) 

Lyngbya spp. Depsipeptide Lyngbyastatin 1 Cytotoxic, Anticancer Serine Protease Inhibitor (Harrigan et al., 1998) 

Lyngbya majuscula Polyketide-peptide Jamaicamide A Cytotoxic Sodium Channel Blocking (Edwards et al., 2004) 

Symploca hydnoides Peptide Symplostatin 1 Anticancer Antimitotic, antiproliferative (Harrigan et al., 1998) 

Symploca sp. VP642 Peptide Dolastatin 10 Anticancer Antimitotic (Luesch et al., 2001) 

Lyngbya majuscula Lipopeptide Dragonamide E Antileishmanial Unknown (Balunas et al., 2009) 

Lyngbya majuscula Lipopeptide Dragomabin Antimalarial Unknown (McPhail et al., 2007) 

Lyngbya majuscula Thiazoline-lipopeptide Curacin A Anticancer 

(Antiproliferative/ Antimitotic) 

Inhibitors of tubulin 

polymerization 

(Gerwick et al., 1994) 

Nostoc ellipsosporum Protein Cyanovirin N Antiviral (HIV-1, HIV-2, HSV-6) Inhibit fusion to host cells (Boyd et al., 1997) 

Nostoc linkia Polyketide Borophycin Antibiotic, Anticancer Unknown (Hemscheidt et al., 1994) 

Nostoc spongiaeforme Polyketide Brorpycin Antibiotic, Anticancer Unknown (Hemscheidt et al., 1994) 

Fischerella musciola Indole Alkaloid Hapalindole Anti-algal, Antifungal,  

Insecticidal 

Unknown (Gademann and Portmann, 

2008) 

Hapalosiphon welwitschii Indole Alkaloid Ambiguine Anti-algal, Antifungal,  

Insecticidal 

Unknown (Gademann and Portmann, 

2008) 

Nodularia harveyana Indole Alkaloid Norharmane Anticyanobacterial Unknown (Volk, 2005) 

Nostoc 78-12A b-carboline Alkaloid Nostocarboline Antiplasmodial Cholinesterase inhibition (Becher et al., 2005) 

Nostoc commune Indole Alkaloid Nostodione Antifungal/ Cytotoxic Antimitotic (Kobayashi et al., 1994) 

Tolypothrix tjipanensis Indolocarbazole alkaloid  Tjipanazol A1 Antifungal Unknown (Bonjouklian et al., 1991) 

Fischerella muscicola Alkaloids Fischerellin A Allelopathic Antifungal Photosystem-II Inhibition (Hagmann and Jüttner, 1996) 

Calothrix sp. Alkaloids,  Calothrixin A Antiplasmodial/ Anticancer Unknown  

Scytonema sp. Macrolide/lactone 

(Scytophycins) 

Tolytoxin Anticancer, Cytostatic,  

Antifungal 

Inhibit Actin Polymerization (Patterson et al., 1993)  

Lyngbya lagerheimii, 

Phormidium tenue 

Sulfolipids Sulfoquinovosyldi-

acyglycerol 

Anti-HIV, Anticancer Inhibit reverse transcriptase (Gustafson et al., 1989) 

Tolypothrix nodosa Porphyrin Tolyporphin Anticancer reversing MDR Photosensitizing (Prinsep et al., 1992) 

Spirulina sp. Sulfated Polysaccharides Calcium Spirulan Antiviral, Anticancer Inhibit viral and tumor cell 

invasion in host cell. 

(Hayashi et al., 1996); (Lee 

et al., 2001) 

Nostoc spongiaeforme HDAC Histone 

Deacetylase Inhibitor  

Nostocine A Antialgal, Cytotoxic Unknown (Hirata et al., 2003) 
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cell lines, including human HepG2 and MCF-7 (Lee et al., 2014). 

Nutraceutically Important Metabolites of Cyanobacteria 

The term nutraceutical was firstly coined by Stephen DeFelice in 1989 from the word 

nutrition and pharmaceutical that can be defined as a food component with medical or health 

promoting benefits (Mannarino et al., 2014). Cyanobacteria are commercially valuable 

source of a wide spectrum of nutraceutical compounds such as proteins, vitamins (B12, C and 

E), pigments (carotenoids, chlorophyll-a and phycobiliproteins), long chain polyunsaturated 

fatty acids, phenolics and flavonoids (Hamed et al., 2015). 

The most important role of cyanobacterial nutraceutical compounds is in the attenuation of 

carcinogenesis and mutagenesis caused by both endogenous and exogenous genotoxic agents 

that damage the DNA (Kryston et al., 2011) and lead to cancers, a disease, which is the 

dilemma of the modern world. Chemotherapies have made remarkable progress with the 

development of new drugs and establishment of protocols with high efficacy in cancer 

treatment, however secondary carcinogenesis is a major problem in long term 

chemotherapies, because almost all anticancer agents exerts DNA damage and lead to 

secondary cancers (Sak, 2012). Furthermore, many anticancer drugs kill cells regardless of 

whether they are normal or cancerous, so as a result normal functioning of the body is 

adversely affected due to loss of healthy cells (Paus et al., 2013). The risk of cancer starts 

when there is elevated level of ROS in the system leading to oxidative stress. An abnormal 

regulation of ROS has a role in pathological conditions, including inflammation, 

atherosclerosis, angiogenesis, aging, and cancer (Alfadda et al., 2012). ROS are produced 

either endogenously by normal cellular metabolism and oxidative phosphorylation or 

exogenously by infections, hormonal activities or xenobiotic chemicals, UV and ionizing 

radiations (Klaunig, 2014; Haigis et al., 2012). The amelioration of DNA damage caused by 

chemotherapeutic drugs by antioxidants has been evaluated as a chemopreventive approach 

(Halliwell, 2012). Nowadays, natural antioxidants are being used for this purpose (Matés et 

al., 2012) due to the need to replace synthetic antioxidants, which are being restricted by their 

carcinogenicity in long term therapies (Woo and Je, 2013). One of these natural sources 

includes cyanobacteria which produce nutraceutical compounds like carotenoids, phenolic 

compounds, Chl-a and PBPs. All cyanobacteria produce carotenoids, for example, b-

carotene, myxoxanthophyll, echinenone, oscilloxanthin, and canthaxanthin, which are 
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effective scavengers of reactive oxygen species (Zhang et al., 2015b). Phenolic compounds 

are also natural antioxidants with diverse therapeutic properties including chemoprevention, 

anticancer, antiviral, antimicrobial and anti-inflammatory (Machu et al., 2015). Likewise, 

chlorophyll-a has also been shown to prevent cancer progression due to its high display of 

antioxidant and antimutagenic activities (Raja et al., 2015). All of these compounds have 

nutraceutical and antigenotoxic properties; however the main focus of the research will be on 

phycobiliproteins. 

Phycobiliproteins: Targeted Chemopreventive Compounds 

Phycobiliproteins, particularly CPC and CPE have been selected for the current study due to 

their non-toxic and non-carcinogenic nature with nutraceutical, chemopreventive properties. 

The phycobiliproteins (PBPs) are highly fluorescent, water-soluble chromo-proteins of 

cyanobacteria (Pandey et al., 2013). Phycobiliproteins in cyanobacteria can be classified into 

four types on the basis of their chromophores and spectral properties which  include: 

allophycocyanin (APC, bluish green, λmax=650–655 nm; fluoresces at 660 nm), phycocyanin 

(CPC, cobalt blue λmax=650–6615-620 nm; fluoresces at 640 nm), phycoerythrin (CPE, Rose 

Pink λmax=560–570 nm; fluoresces at 580 nm), and phycoerythrocyanin (PEC, Purple 

λmax=575-580 nm; fluoresces at 607 nm) (Sonani et al., 2015). Light energy is firstly 

absorbed by terminally located, shortest wavelength absorbing phycobiliproteins, CPE which 

transfers it to CPC which further transfers it to APC that finally transmits the energy to PS II 

and partially to PS I in a radiation-less manner (Coman et al., 2012). This whole process 

takes 100–200 ps with approximately 90% efficiency over several hundred chromophores 

(Ren et al., 2013).  

Cyanobacterial phycobiliproteins (PBPs) hold importance commercially due to their beautiful 

colors, high fluorescence, non-toxic nature and therapeutic properties (Chakdar et al., 2012).  

Among the PBPs, CPC and CPE are the two most extensively used biliproteins in various 

biotechnological applications. Due to their high fluorescence properties, large Stokes shifts 

and high quantum yield, they are extensively being used in biomedical research (Kuddus, 

2013) as some properties are unique to them like; excitation and emission at longer 

wavelengths where interference from other macromolecules is very less (Richa et al., 2011).   

The commercial production of phycobiliproteins from cyanobacterium Spirulina platensis 

has been approved in January, 20th, 2012 by FDA (US FDA, 2013). Phycobiliproteins are 
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extremely valuable natural products. They are majorly used as natural dyes in food and 

cosmetics as well as fluorescent markers in biomedical research diagnostic tools with annual 

market of US$5-10 million (Yaakob et al., 2014). The prices of PBPs may range from US$3-

1500 per mg depending upon their purity (Kenekar and Deodhar, 2013). CPC and CPE are 

being used as  natural colorants in food products, such as chewing gums, ice creams, dairy 

products, drinks and beverages (e.g. Pepsi® blue and Bacardi Brezzer®), candies and jellies 

as well as in cosmetics, such as lipsticks, eyeliners and eye shadows (Nikhil, 2014). 

LinaBlue®, a phycocyanin product, is produced commercially by Dainippon Ink and 

Chemicals, Sakura, Japan to be used as food colorant and cosmetics from Spirulina platensis 

(Kim et al., 2014). A summary of various multinational companies that manufacture 

phycobiliprotein products are given in Table 1.3. 

A variety of impaired physiological conditions are reported to be relieved by CPC 

administration. The pharmacological property attributed by CPC includes: antigenotoxic, 

antioxidant, anti-cancer, anti-viral, anti-inflammatory, neuroprotective, hypocholesterolemic 

and hepatoprotective activities (Thangam et al., 2013). 

The most important role of phycobiliproteins is in the attenuation of DNA damage leading to 

various forms of cancers. CPC has been reported to decrease the level of tumor necrosis 

factor (TNF-α) in vivo which increased as response to endotoxin induction (Chen et al., 

2012). CPC has a remarkable ability to stimulate white blood cell synthesis even from a 

damaged bone marrow stem cells caused by xenobiotics and radiations (Pugazhendy et al., 

2012). CPC from Spirulina has shown antigenotoxic effect in relation to benzo(α)pyrene 

induced DNA damage to the mouse germ cells (Chamorro-Cevallos et al., 2014). A study 

showed protective role of CPE against potassium permanganate induced DNA damage in 

human fibroblasts (Soni et al., 2010). Furthermore, not only chemopreventive but 

phycobiliproteins have also shown chemotherapeutic activities as well. Gardeva et al. (2015) 

have shown anti-tumor potential of CPC from Arthronema africanumto by inducing 

apoptosis in myeloid Graffi tumor cells in hamsters with hydrogen peroxide accumulation. 

CPC extracted from Spirulina platensis has shown growth inhibition in human leukemia 

K562 cell line in G1 phase of cell cycle with increasing dose (Reddy et al., 2012). CPC can 

also enhance chemotherapy in combination with various currently available anti-cancer drugs 

such as Topotecan by upregulation of pro-apoptotic proteins like caspase-9, 3 and BAX and 

enhancing DNA fragmentation in LNCaP prostate cancer cells with decreasing the harsh side 
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Table 1.3:   Major companies manufacturing phycobiliprotein products. 

Companies Products 

Phycobiotech 

(http://phyco-biotech.com/en 

Fluorescent labels (APCAPC-XLB-PEC-PCR-

PE1R-PE2). 

Flogen®  

(http://www.febico.com/en/index.html) 

Phycobiliprotein fluorescent probes: Flogen®, 

LyoFlogen®, Instant LyoFlogen®, LyoFlogen® 

Recombinent Proteins and Flogen® Conjugates. 

Chromaprobe Inc. 

(http://www.chromaprobe.com/products.html) 

 

R-Phycoerythrin (R-PE), Allophycocyanin (APC). 

DIC LIFETEC. Co. LTD. 

(http://www.dlt-

spl.co.jp/business/en/spirulina/linablue.html) 

 

LinaBlue® 

Europa Bioproducts Ltd 

(http://www.europa-

bioproducts.com/Phycobilliprotiens/) 

CPC, CPE, RPE, APC products. PhycoLink® 

Activated RPE, PhycoLink® anti-GST (Type 1)-

APC Conjugate, PhycoLink® streptaviridin-APC, 

PhycoPro™ CPC from Spirulina,  

SETA-Biomedicals 

(http://www.setabiomedicals.com/phycobilip

roteins.html) 

Cross-linked APC (CL-APC), lyophillized RPE 

Cyanotech  

(https://www.cyanotech.com/spirulina.html) 

Spirulina Pacifica® Discontinued phycobiliproteins 

production on March, 2008. 

PeloBiotech 

(http://www.pelobiotech.com/?article_id=51#

phycob) 

R-Phycoerythrin (RPE), B-Phycoerythrin (BPE), 

Peridinin Chlorophyll (PerCP), Allophycocyanin 

(APC), P3 (CPC +APC) 

PROzyme  

(http://prozyme.com/collections/phycopro-

phycobiliproteins) 

PhycoProTM Phycobilippproteins, PhycoProTM APC, 

PhycoProTM RPE, PhycoProTM cross-linked APC, 

CPC. 

HashBiotech 

(http://www.hashbiotech.com/hashbiotech) 

Natural CPC, APC and CPE. 

AATBioquest 

(https://www.aatbio.com/search?category=B

1610). 

 CL-APC, CPC, APC, PE, PerCP (Peridinine-

chlorophyll-protein complex), ReadiUseTM Preactive 

APC-iFluorTM 700 and 750 Tandem,  ReadiUseTM 

Preactive PE-iFluorTM 647 and 750 Tandem.   

ANASPEC 

(http://www.anaspec.com/products/productca

tegory.asp?id=855) 

CPE, CPC, CL-APC (Cross-linked), Streptaviridin 

conjugated, B-PE, APC-crosslinked, AnaTagTM  

APC, B-PE, R-PE. 

Columbia Bioscience 

(http://stores.columbiabiosciences.com/phycob

iliproteins-and-percp/) 

SureLight® Activated-APC, PerCp, R-PE, B-PE, P3 

InnovaBioscience 

(https://www.innovabiosciences.com) 

Lightning-LinkTM R-PE, APC, B-PE. 

Dojindo Molecular Technologies 

(http://www.dojindo.com/ 

labeling/labelingkits.html) 

(B-PE) -Labeling kit - NH2, B-PE - Labeling kit -SH 

(R-PE) - Labeling kit-NH2, (R-PE) - Labeling kit-SH, 

(APC) - Labeling kit-NH2, (APC) - Labeling kit-SH 
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effects of the anti-cancer drug (Khallouki et al., 2015). Fernández-Rojas et al. (2015) have 

shown that CPC can prevent cisplatin-induced nephrotoxicity and mitochondrial dysfunction. 

CPC has been reported in many in vitro and in vivo studies to inhibit the pro-inflammatory 

activities of cytokines, as its anti-inflammatory mechanism which also includes lowering the 

expression of nitric oxide synthase and cyclooxygeanase-2 (Leung et al., 2013).  

CPC and CPE have very potent antioxidant properties that reduce the intensity of oxidative 

stress by maintaining the redox environment or modulating intracellular communication. The 

antioxidant potential of CPC has been reported to be 16-times more efficient than trolox and 

20 times more effective than vitamin C and also shown protective effects on human 

erythrocytes against lysis induced by peroxyl radicals (Chu, 2011). CPC and CPE can 

efficiently scavenge free radicals and inhibits lipid peroxidation in the presence of catalytic 

iron-ascorbate containing Fenton’s reaction or 2, 2’ Azobis-dihydrochloride (AAPH) which 

is a free radical initiator (Chakdar et al., 2012). A recent study has shown therapeutic effects 

of c-phycocyanin in vivo due to its combinatorial antioxidative, neurotrophic, and anti-

inflammatory properties in ischemic brain by activating oxidized astrocytes (Min et al., 

2015). CPC from Spirulina also enhances the mucosal or innate immunity through 

macrophage and cytokines (Hayashi, 2012). Recently, a nano-formulation of anti-

inflammatory CPC has been successfully devised for deep skin delivery (Caddeo et al., 

2013). Various in vivo animal models for nutraceutical properties of phycobiliproteins 

through antioxidation are summarized in Table 1.4. 

 

Importance of Cyanobacteria as Bioresource  

Cyanobacteria are ideal biosynthetic machinery for sustainable production of various natural 

products and biofuels. Unlike heterotrophic bacteria, cyanobacteria require only sunlight, 

carbon dioxide, water, and minimal nutrients for growth, eliminating the cost of carbon 

sources and complex growth media (Amezaga et al., 2014). Since cyanobacteria have diverse 

photosynthetic pigments and enzymes, they show higher photosynthetic and biomass 

production rates compared to plants and can convert up to 3–9% of the solar energy into 

biomass compared to ≤ 0.25–3% achieved by terrestrial plants (Lau et al., 2015). They also 

require less land area for cultivation than terrestrial plants, reducing the competition for 

arable land (Quinn et al., 2012). Since cyanobacteria are prokaryotes, they possess simple 
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Table 1.4:   Nutraceutical properties of phycobiliproteins in various in vivo animal models. (Fernández-Rojas et al., 2014a). 

Property PBPs dose Oxidant challenge Animal species References 
Inflammation 

protection 

50–200 mg/kg oral 1 h before 

50–200 mg/kga 

50–200 mg/kga 

100–300 mg/kga 

50–200 mg/kg treatment for 7 days 

Glucose oxidase (50 U) 

Carrageenan 10 mg/mL (1%) 

AA topic application (25 µg/µL), 

TPA 4µg/ear topical application 

Cotton pellet 50 mg 

Male OF1 mice 

Male Sprague–Dawley rat 

Male OF1 mice 

Male OF1 mice 

Male Sprague–Dawley rat 

(Romay et al., 1998a) 

(Romay et al., 1998b) 

Hepatoprotection Pretreated with 200 mg/kg i.p. for 1 or 3 h. 

 

50, 100 and 200 mg/kg i.p. 1 h before the toxic. 

50–200 mg/kg, i.p. 1 h before. 

100–400 mg/kg pretreatment for 7 days. 

 

Co-treatment with 50 mg/kg i.p. 

CCl4 (0.6 mL/kg, i.p.) R-(+)-pulegone  

(250 mg/kg, i.p.) 

Galactosamine (600 mg/kg, i.p.). 

Galactosamine (600 mg/kg i.p.)  

CCl4 (10 mg/mL, i.p. de 0.5% CCl4) 

1 h after the sixth dose of PC. 

AAT 300 mg/kg/day for 2 days, i.p. 

Male albino rat 

 

FemaleWistar rats 

FemaleWistar Rat 

Male ICR mice. 

 

MaleWistar rat. 

(Vadiraja et al., 1998) 

 

(Gonzαlez et al., 2003) 

(Gonzαlez et al., 2003) 

(Ou et al., 2010) 

 

(Sathyasaikumar et al., 2007) 

Nephroprotection 300 mg/kg oral for 10 weeks  

Pre-treatment with 5–30 mg/kg i.p 1 h before 

the toxic.  

50–100 mg/kg orally 30 min before the toxic 

for 5 days. 

100 mg/kg. 

Pre-treatment with 4 mg/kg i.p. for three 

consecutive times. 

Diabetic nephropathy 

Cisplatin 18 mg/kg i.p. 

 

HgCl2 5 mg/kg, i.p. 

 

Sodium oxalate (70 mg/kg, i.p.) 

At 7 days after CPC treated with HgCl2  

5 mg/kg i.p 

Male C57BL/Ks J db/db  

Male CD-1 mice. 

 

Male NIH mice 

 

MaleWistar rats. 

Male Swiss albino mice 

 

(Zheng et al., 2013) 

(Fernαndez-Rojas et al., 

2014b). 

(Rodríguez-Sαnchez et al., 

2012). 

(Farooq et al., 2006). 

(El-Ayouty et al., 2007). 

Multi-organ 

protectionb 

100 and 200 mg/kg, oral daily for 6 weeks Alloxan 150 mg/kg i.p. at the end 

of the second week 

Male ICR mice (Ou et al., 2012) 

Neuroprotection 25–75 mg/kg i.p. for 3, 6 and 12 h after surgery  

200 mg/kg oral daily for 7 days before surgery. 

25 mg/kg i.p. for 12 days (therapeutic and  

prophylactic treatment) 

Global cerebral ischemia reperfusion 

 

Encephalitogen (spinal cord) and Bordetella 

pertussis (200 × 109 organisms/mL) 

Male Mongolian gerbils 

 

Male Lewis rat 

(Pentón-Rol et al., 2011a) 

 

(Pentón-Rol et al., 2011b) 

Brain mitochondria 

protection 

Pretreatment with 5–15, 30 µM for 5 min 100  M Ca2+/ 3 mM Pi  MaleWistar rat (Marín-Prida et al., 2012) 

Lung protection Immediately treated with 50 mg/kg i.p. after 

paraquat. 

50 mg/kg i.p. 3 h after instillation of LPS. 

Paraquat 50 mg/kg orally 

 

LPS (Escherichia coli 055:B5, 5 mg/kg i.t.) 

MaleWistar rat 

Male Sprague–Dawley 

rats 

(Sun et al., 2011) 

 

(Leung et al., 2013) 

Cardioprotection Perfusion for 15 min with 10 µM before 

ischemia and throughout reperfusion 

Ischemia-reperfusion Sprague–Dawley rat (Khan et al., 2006a) 

Oxidative stress 

protection 

36.3 mg/kg day orally for 12 weeks Atherogenic diet for 12 weeks without Se, 

vitamins C and E 

Male golden Syrian 

hamsters 

(Riss et al., 2007) 

Eyes protection Immediately treated with 200 mg/kg i.p. Sodium selenite 19 µ mol/kg, subcutaneously Male and female of 9 

days old Wistar rat pups 

(Kumari and Anbarasu, 

2014) 

PBP: Phycobiliproteins, AA: arachidonic acid, TPA: 12-O-tetradecanoylphorbol-13-acetate, CCl4: carbon tetrachloride, AAT: thioacetamide, HgCl2: mercuric chloride, LPS: 

lipopolysaccharide, Pi: inorganic phosphorus. a Oral route 1 h before. b Liver, kidney and pancreas.
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genetic makeup which can be easily manipulated for enhanced production of various 

therapeutic natural products (Sarsekeyeva et al., 2015). Furthermore, the residual 

cyanobacterial biomass which is left behind after high-value products extraction can be used 

as animal feed or converted into organic fertilizer (Lau et al., 2015). With the recent 

advances in genetic and metabolic engineering technologies and the availability of more than 

300 cyanobacterial genome sequences, there is significant progress in research directed 

towards realizing the full potential of these photosynthetic bacteria. Considering these merits 

of cyanobacteria, they are one of the most attractive candidates for use in diverse 

biotechnological application. 

Aim of the Study 

The aim of this research was two-fold in order to study both harmful and beneficial aspects of 

cyanobacterial metabolites. In the case of harmful cyanobacteria, much attention has been 

given to the pure cyanotoxins and their mode of actions, while neglecting other more potent 

compounds produced by these prokaryotic algae with similar or diverse toxic properties. 

Therefore, in the current research the metabolites in the crude extract of the isolated 

cyanobacteria were investigated after screening their toxic and other bioactive properties. 

Secondly, the beneficial aspect of the study included purified phycobiliproteins with potent 

antioxidant, chemopreventive and DNA protective activities to evaluate their 

chemopreventive effects against doxorubicin induced DNA damage.  

Cyanobacteria sure are notorious for being toxic however, not all species are harmful. In fact 

they produce potent nutraceutically important bioactive compounds such as phycobiliproteins 

that can be used in the prevention of secondary carcinogenesis caused by chemotherapeutic 

drugs as these anticancer drugs kill cells regardless of whether they are normal or cancerous 

and damage the integrity and stability of the DNA leading to mutations and chromosomal 

aberrations. Various strategies have been applied to keep the healthy cells from harm from 

these drugs, which include the use of synthetic antioxidants. However, these synthetic 

chemicals also possess risk of damaging the DNA. Nowadays natural products are being 

exploited to attenuate the toxicity of the chemotherapeutic agents. So, in this regard it would 

be highly beneficial to isolate cyanobacterial strains with the ability to produce high amounts 

of phycobiliproteins with potent chemopreventive, DNA protective activities so as to give 

cancer patients a hope to lead a healthy, normal life.  



Introduction Chapter 01 
 

19 
 

Objectives 

The objectives of this study were as follows: 

 Isolation, purification and polyphasic identification of strains isolated from two polluted 

and two unpolluted environmental sources. 

 Obtain various extracts of selected cyanobacterial species and screen for their bioactivity 

and toxicity.  

 Screen for mutagenic effects of the selected extracts with high bioactive potential.  

 Isolation, purification and characterization of Phycobiliproteins; CPC and CPE from 

selected strains.  

 Evaluate genotoxicity of extracts and chemopreventive activities of purified CPC and 

CPE in bacterial plasmid and human lymphocyte DNA with and without doxorubicin. 

 Study the clastogenic effects of cyanobacterial extracts and chemopreventive activities 

of purified CPC and CPE with and without doxorubicin.   

 Study the presence of 8-OHdG biomarker to monitor DNA oxidation by cyanobacterial 

extracts and its prevention by purified CPC and CPE with and without doxorubicin. 

 Identification of bioactive, toxic and antioxidant small-molecules from selected 

cyanobacterial strains under optimized conditions with GC-MS non-targeted 

metabolome fingerprinting.  
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CHAPTER: 02 

MATERIALS AND METHODS 

 

2.1 MATERIALS 

All the media and solutions were prepared in Milli-Q water and autoclaved at 121ºC at 15 

Ib/inch2 pressure for 15 minutes. The glassware was washed properly with liquid antibacterial 

detergent and then oven dried at 80ºC before use. The chemicals used were both analytical 

and HPLC grade. The working area was sterilized with 20% bleach solution and 70% ethanol 

before working in order to reduce contamination. For culturing lymphocytes and cancer cells 

gamma sterilized disposable culture flasks and micro-titer plates were used. The buffers and 

test substances were all filter sterilized. The work was done in a bio-safety cabinet class II 

(ESCO) in cell culture lab sterilized with 20% bleach solution, 70% ethanol and UV light.    

 

Growth media for Cyanobacteria 

 

Table 2.1:     BG-11 Medium (Rippka et al., 1979) 

S.No. Components g L-1 

1. Sodium Nitrate (NaNO3) 1.5 

2. Magnesium Sulphate (MgSO4.7H2O) 0.075 

3. Dipotassium Phosphate (K2HPO4) 0.04 

4. Calcium Chloride (CaCl2.2H2O) 0.036 

5. Citric Acid (C6H8O7) 0.006 

6. Ferric Ammonium Citrate 

(C6H8O7.nFe.nH3N) 

 

0.006 

7. EDTA (disodium salt) 0.001 

8. Sodium Carbonate (Na2CO3) 0.02 

9. Trace Elements (Table 2.2) 1 ml 

10. 1% Agar (optional) 10 

11. Milli-Q Water Up to 1000 ml 

The pH was adjusted to 7.6. The media was autoclaved without trace elements. 
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Table 2.2:     Trace Elements 

S.No. Components g L-1 

1. Boric acid (H3BO3) 2.86 

2. Manganese Chloride (MnCl2.4H2O) 1.81 

3. Zinc Sulphate (ZnSO4.7H2O) 0.222 

4. Sodium Molybdate (NaMoO4.2H2O) 0.39 

5. Copper Sulphate (CuSO4.5H2O) 0.079 

6. Cobalt Nitrate (Co(NO3)2.6H2O) 0.049 

7. Milli-Q Water Up to 1000 ml 

The trace element solution was autoclaved separately after which 1ml of it was added in the 

autoclaved BG-11 media. 

  

Table 2.3:   Bold and Basal (BB) Medium (Kantz and Bold, 1969).    

S.No. Components Amount L-1 

1. NaNO3 (5.0 g/ 200 ml) 10.0 ml 

2. MgSO4.7H2O (1.5 g/ 200 ml) 10.0 ml 

2. NaCl (0.5 g/ 200 ml) 10.0 ml 

3. K2HPO4 (1.5 g/ 200 ml) 10.0 ml 

4.  KH2PO4 (3.5 g/ 200 ml) 10.0 ml 

5. CaCl2.2H2O (0.5 g/ 200 ml) 10.0 ml 

6. H3BO3 (1.14 g/ 100 ml) 1.0 ml 

4. Trace Element Solution (Table 2.4) 1.0 ml 

5. EDTA disodium salt (50 g/L and 31 g KOH) 1.0 ml 

6. Fe Solution 

(FeSO4.7H2O 4.98 g, 1 ml H2SO4/ 1L ) 

 

1.0 ml 

7. 1% Agar (optional) 10 

8. Milli-Q Water Up to 1000 ml 

The pH was adjusted to 8.5. The media was autoclaved without trace elements. 

 

Table 2.4:     Trace Elements 

S.No. Components g L-1 

1. MnCl2.4H2O 8.82 

3. ZnSO4.7H2O 1.44 

4. MoO3 0.71 

5. CuSO4.5H2O 1.57 

6. Co(NO3)2.6H2O 0.49 

7. Milli-Q Water Up to 1000 ml 

The trace element solution was autoclaved separately after which 1ml of it was added in the 

autoclaved BB medium. 
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Table 2.5:     Zarrouk’s Medium + VitB12 (Zarrouk et al., 1966) 

S.No. Components g L-1 

1. NaNO3 2.5 

2. NaHCO3 16.8 

3. NaCl 1.0 

4. K2SO4 1.0 

5. K2HPO4 0.5 

2. MgSO4.7H2O 0.2 

3. CaCl2.2H2O 0.04 

4. EDTA (disodium salt) 0.08 

5. A5 Solution (Table 2.6) 1ml 

6. 1% Agar (optional) 10 

7. Milli-Q Water Up to 1000 ml 

The pH was adjusted to 9.0. The media was autoclaved without trace elements. 

 

Table 2.6:     A5 Solution 

S.No. Components g L-1 

1. H3BO3 2.86 

2. MnCl2.4H2O 1.81 

3. ZnSO4.7H2O 0.22 

4. MoO3 0.01 

5. CuSO4.5H2O 0.08 

7. Milli-Q Water Up to 1000 ml 

The trace element solution was autoclaved separately after which 1ml of it was added in the 

autoclaved BB medium. 

 

Table 2.7:     Vitamin B12 Solution 

S.No. Components per 200 ml-1 

1. 50mM Hepes Buffer 2.4 g 

2. 0.1mM Vitamin B12 0.027 g 

The pH was adjusted to 7.0 and the solution was sterilized with 0.22 µm sterile filter. 

 

Genomic DNA Extraction (Sambrook and Russell, 2001) 

Table 2.8:     Secret Washing Buffer 

     S.No. Components gL-1 

1. 50mM Tris-base 6.06 

2. 100mM Na2EDTA 37.22 

3. 25% Sucrose 250 

4.  Milli-Q water 1000 ml 

pH adjusted to 8.2 
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Table 2.9:     Resuspension Buffer 

     S.No. Components gL-1 

1. 10mM Na2EDTA 3.72 

2. 50mM Tris-Base 6.05 

3.  Milli-Q Water 1000 ml 

pH adjusted to 8.2 

 

Table 2.10:     SDS Solution 

     S.No. Components g/100ml 

1. 10% SDS 10 g 

The solution was stored at room temperature. 

 

Table 2.11:     Phenol/Chloroform (1:1) 

     S.No. Components Amount 

1. Phenol (Calibrated) 10 ml 

2. Chloroform 10 ml 

pH adjusted to 7.0 

 

Table 2.12:     3M Sodium Acetate Solution 

     S.No. Components g/100 ml 

1. 3M Sodium Acetate 24.61 

2. Milli-Q Water 100 ml 

The pH was adjusted in the range of 4.8-5.2. 

 

Agarose Gel Electrophoresis 

Table 2.13:     10X TBE Buffer Stock Solution (Sambrook and Russell, 2001) 

     S.No. Components gL-1 

1. Tris-Base 108 

2. Boric acid 55 

3. Na2EDTA 9.25 

4.  Milli-Q Water 1000 ml 

pH adjusted to 8.2 

 

Table 2.14:     0.5X TBE Working Solution  

     S.No. Components mlL-1 

1. 10X TBE 50 ml 

2. Milli-Q Water 950 ml 

pH adjusted to 8.2 
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Table 2.15:     1% Agarose  

     S.No. Components g/100ml 

1. Agarose 1g 

2. 0.5X TBE 100 ml 

Agarose was dissolved in 0.5X TBE and heated for 45 seconds in microwave oven. After cooling 

at 60ºC, 2.5 µl of ethidium bromide (Table 2.45) was added in the gel before pouring. 

 

Table 2.16:     Ethidium Bromide Solution  

     S.No. Components mg/ml 

1. Ethidium Bromide 10 

2. Milli-Q Water 1 ml 

The working solution was made by diluting stock solution to a final concentration of 0.5 µg ml-1. 

The solutions were then stored in the dark at -20ºC. 

 

Table 2.17:     6X Loading Dye 

     S.No. Components Amount/ 5ml 

1. 30% Glycerol 1.5 ml 

2. 0.25% Bromophenol Blue 0.0125 g 

3. 0.25% Xylene Cyanol FF 0.0125 g 

4.  Milli-Q Water 3.5 ml 

The ingredients were mixed by vortexing for 1 minute. The solution was then stored in the dark at 

-20ºC. 

Polymerase Chain Reaction 

Table 2.18:     Primers used in Ribotyping 

No. Name           Sequence                                             Product   Source 

1. CYA359F      GGGGAATYTTCCGCAATGGGa          359-378 Nubel et al., 1997 

2. CYA781Rab   GACTACTGGGGTATCTAATC            781-805 

                        CCATT 

Nubel et al., 1997 

3. CYA781Rbb   GACTACAGGGGTATCTAATC           781-805 

                        CCTTT  

Nubel et al., 1997 

a Y, a C/T nucleotide degeneracy. b Reverse primer CYA781R was an equimolar mixture of 

CYA781R(a) and CYA781R(b). 

Table 2.19:     PCR Reaction Mix (50 µL) 

     S.No. Components Amount 

1. 5X Taq Red (Bioline) 10 µL 

2. 10pmol CYA359F 1 µL 

3. 10pmol CYA781a+b 1 µL 

4.  Taq Polymerase (Bioline) 0.62 µL 

5. Sterile Nuclease Free Water 34.38 µL 

6. Genomic DNA Template 3 µL 

The reaction was set up on ice under low humidity. 



Materials and Methods Chapter 02 

 

25 
 

Table 2.20:     PCR Conditions 

       S.No. Steps Conditions 

1. Pre-Heating 94ºC for 2 minutes 

2.     Denaturation 94ºC for 5 minutes 

3.     Denaturation 94ºC for 1 minutes 

4.      Annealing 55ºC for 30 seconds 

5. Extension 72ºC for 2 minutes 

6.     Final Extension 72ºC for 8 minutes 

7.     Hold 4ºC 

8.     Cycles 35 

The program was optimized on Veriti 96-well Thermal Cycler by Applied Bioscience. 

Table 2.21:     Purification of PCR Products 

     S.No. Components Amount 

1. Sure Clean Pink Co-Precipitant (Bioline) 3 µL 

2. Sure Clean (Bioline) 3 µL 

3. 70% Ethanol equal to 2X original 

volume 

4.  Sterile Nuclease Free Water 50 µL 

 

Phycochemical Screening and Evaluation 

Primary Metabolites 

Total Protein Estimation 

Table 2.22:     Protein Extraction Buffer 

     S.No. Components g L-1 

1. 50mM Tris-Base 6 

2. 100mM NaCl 5.8 

3. 1% β-Mercaptoethanol 1 ml 

4. 10mM Na2EDTA 2.92 

5. Milli-Q Water (chilled) 999 ml 

pH adjusted to 7.5. The buffer was stored at 4ºC. 

 

Table 2.23:     Bradford Assay for Total Protein Estimation (Bradford, 1976) 

     S.No. Components Amount 

1. Bradford Reagent (Biorad) 1.5 ml 

 

 

 



Materials and Methods Chapter 02 

 

26 
 

Table 2.24:     BSA Standard Stock Solution 

     S.No. Components Amount 

1. Bovine Serum Albumin (BSA) 1mg 

2. Milli-Q water 1ml 

 

Total Carbohydrates Estimation (Gerhardt et al., 1994) 

Table 2.25:     Glucose Standard Solution 

     S.No. Components Amount 

1. Glucose 100 mg 

2.  Milli-Q water 100 ml 

For working solution 10ml of stock was taken and dissolved in 90 ml of water. 

 

Table 2.26:     Anthrone Reagent  

     S.No. Components g L-1 

1. 0.2% Anthrone 2 

2. Conc. H2SO4 1000 ml 

The anthrone reagent was prepared in ice-cold concentrated sulfuric acid in a chemical fume hood. 

 

Free Amino Acid Estimation (Jones et al., 2002; Moore and Stein, 1954) 

Table 2.27:     L-Glycine Standard  

S.No. Components Amount 

1. L-Glycine 1 mg 

2. Milli-Q Water 1 ml 

 

Table 2.28:     Ninhydrin Solution 

     S.No. Components Amount 

1. Ninhydrin 0.3 g 

2. Sodium Acetate  100ml 

In a 100-mL beaker containing 60 mL of ultra-pure water 54.4 g of sodium acetate trihydrate was 

dissolved. Then 10 mL of glacial acetic acid was added to bring the pH to 5.2 in a fume hood. The 

volume was made up to 100 ml by adding milli-Q water. 

 

Table 2.29:     Stabilizing Reagent 

     S.No. Components Amount 

1. Ethanol (absolute) 50ml 

2. Milli-Q Water 50ml 
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Secondary Metabolites 

Table 2.30:     Wagner’s Reagent (Alkaloids) 

     S.No. Components Amount / 100 ml 

1. Iodine 2 g 

2. Potassium Iodide (KI) 6 g 

 

Table 2.31:     DNS Reagent (Reducing Sugars) 

S.No. Components Amount / 100 ml 

1. 1% DNS (3,5-dinitrosalicylic acid) 1 g 

2. 30% sodium potassium tartrate 30 g 

3. 0.4 M NaOH 1.59 g 

 

Total Phenolic Estimation (Herald et al., 2012) 

Table 2.32:     Folin-Ciocalteau’s Solution  

     S.No. Components Amount 

1. Folin-Ciocalteau’s Reagent (Merck)  10 ml 

2. Milli-Q Water 10ml 

 

Table 2.33:     Gallic acid Standard Solution 

     S.No. Components Amount 

1. Gallic acid 1 mg 

2. Milli-Q water  1 ml 

 

Table 2.34:     Sodium Carbonate Solution 

     S.No. Components Amount 

1. Na2CO3 75 mg 

2. Milli-Q water 1 ml 

 

Total Flavonoids Estimation (Herald et al., 2012) 

Table 2.35:     Rutin Standard Solution 

     S.No. Components Amount 

1. Rutin 1 mg/ml 

2.  70% Methanol 1 ml 

For 70% methanol 70 ml of methanol was dissolved in 30 ml of milli-Q water for total volume of 

100 ml.  

 

Table 2.36:     Aluminum Chloride Solution 

     S.No. Components Amount 

1. AlCl3 100 mg/ml 
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Table 2.37:     1M Potassium acetate Solution 

     S.No. Components gL-1 

1. Potassium acetate 98 g 

2. Milli-Q water 1000 ml 

 

Total Alkaloids Estimation (Ferguson et al., 1956) 

Table 2.38:     2% Acidified Milli-Q Water 

     S.No. Components Amount 

1. Conc. Hydrochloric acid 2 ml 

2. Milli-Q water 98 ml 

 

Table 2.39:     Bromophenol Blue Solution 

     S.No. Components Amount L-1 

1. Bromophenol Blue 69.8 mg 

2. 2N NaOH 3 ml 

3.  Milli-Q water 5 ml 

The volume was brought to 1000 ml by adding milli-Q water. 

 

Table 2.40:     Buffer Solution A 

     S.No. Components g L-1 

1. KH2PO4 27.2 

2. K2HPO4 34.8 

The ingredients were dissolved in milli-Q water and the pH was adjusted to 7.0 

 

Table 2.41:     Berberine Chloride Standard Solution 

     S.No. Components Amount 

1. Berberine Chloride 1 mg 

2. Milli-Q water 1 ml 

 

Table 2.42:     Buffer Solution B 

     S.No. Components Amount L-1 

1. 2mM Na2HPO4 79.6 g 

2. 0.2M Citric acid 38.4 g 

The ingredients were dissolved in milli-Q water and the pH was adjusted to 4.7. 
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Antioxidation Assays  

ABTS Assay (Re at al., 1999) 

Table 2.43:     ABTS Stock Solution I  

     S.No. Components g L-1 

1. ABTS (2, 2´-azinobis [3-

ethylbenzthiazoline]-6-sulfonic acid) 

 

3.6 

2. PBS 1 L 

The pH of PBS was adjusted to 7.4. 

 

Table 2.44:     K2S2O8 Stock Solution II 

     S.No. Components g L-1 

1. K2S2O8 0.662 

2. PBS  1L 

The pH of PBS was adjusted to 7.4. For the working solution, 9ml of ABTS (Sol I) and 3ml of 

K2S2O8 (Sol II) were mixed together in the dark. The mixture was vortex and incubated at 4ºC for 

24 hours.  

Table 2.45:     Trolox Standard solution 

     S.No. Components Amount 

1. Trolox 1mg 

2. MilliQ-Water 1 ml 

The solution was stored in the dark at -20ºC. 

 

DPPH Assay (Fukumoto and Mazza, 2000) 

Table 2.46:     DPPH Stock Solution  

     S.No. Components g L-1 

1. DPPH 0.078 

2. Methanol (absolute) 1000 ml 

The solution was sonicated on ice-cold water bath until all the residues were dissolved and a clear 

dark purple solution was obtained. The solution was protected from light and stored at -20ºC in 

dark for 1 week. 

Table 2.47:     Ascorbic Acid Standard solution 

     S.No. Components Amount 

1. Ascorbic Acid 1mg 

2. Milli-Q Water 1ml 

After preparation the solution was stored in dark at -20ºC. 
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Antioxidation Bioautographic Assay 

Table 2.48:     Mobile Phase Solvents for Organic Extracts 

     S.No. Components Amount 

1. Pentane 6ml 

2. Ethyl Acetate 1ml 

3.  Acetone 1ml 

4. Methanol 0.5ml 

The solvents were mixed together and stored in an air tight bottle at room temperature.   

Table 2.49:     Mobile Phase Solvents for Aqueous Extracts 

     S.No. Components Amount 

1. Acetic acid (absolute) 5ml 

2. Butanol (absolute) 4ml 

3.  Milli-Q Water 1ml 

The solvents were mixed together and stored in an air tight bottle at room temperature.  

Table 2.50:     0.2% DPPH Solution 

     S.No. Components g/ 100ml 

1. DPPH (1,1-diphenyl-2-picrylhydrazyl) 2 g 

2. Methanol (absolute) 100 ml 

The solution was prepared as indicated in table 2.23. The solution was poured in a spray bottle just 

before the start of the experiment.  

 

Antimicrobial Assays 

Growth Media for Bacterial Test organisms 

Table 2.51:     Muller-Hinton agar (Oxoid) 

     S.No. Components gL-1 

1. Muller-Hinton agar 38 g 

2. Milli-Q Water 1L 

The pH adjusted to 7.0 

Growth Media for Yeast Test organisms 

Table 2.52:     YPD Broth 

     S.No. Components gL-1 

1. Peptone 20  

2. Yeast extract 10 

3. Glucose 20 

4. Milli-Q Water                   1L 

pH adjusted to 5.6 
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Table 2.53:     LB Medium (Gerhardt et al., 1994) 

     S.No. Components g L-1 

1. Tryptone 10.0 

2. Yeast Extract 5.0 

3. NaCl 5.0 

4.  Agar (optional) 15.0 

5. Milli-Q water 1 L 

pH adjusted to 7.0. 

 

Bioautographic Agar Overlay Method 

Table 2.54:     0.2% TTC Reagent 

     S.No. Components Amount ml-1 

1. TTC (Triphenyl Teteazolium Chloride) 0.2 g 

2. Milli-Q water 100 ml 

The solution was prepared in autoclaved water and then filter-sterilized. 

 

Growth Media for Artemia salina eggs 

Table 2.55:     Brine-Shrimp Medium 

     S.No. Components gL-1 

1. Sodium Chloride (NaCl) 30 

2. Sodium Carbonate (Na2CO3) 0.04 

3. Milli-Q Water 1 L 

pH adjusted to 8.2 

 

Chicken Embryo Preservation 

Bouin’s Fixative   

Table 2.56:     Bouin’s Fixative 

     S.No. Components ml 

1. Saturated Picric acid 75 

2. Formalin 25 

3. Glacial acetic acid 5 

  The solution was stored at 4ºC. 
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Mutagenicity Assay (Ames, 1974) 

Table 2.57:     Glucose Minimal agar (Mortelmans and Zeiger, 2000) 

     S.No. Components Amount L-1 

1. Milli-Q Water 910 ml 

2. Agar (Oxoid) 15 g 

3. V-B Salt Solution (50X) 20 ml 

4.  Glucose (10% v/v) 50 ml 

The ingredients were autoclaved separately and added in the media just before starting the 

experiment. 

 

Table 2.58:     40% Glucose Solution 

     S.No. Components Amount L-1 

1. Milli-Q Water   1000 ml 

2.  Dextrose 400 g 

The glucose solution was autoclaved at 121ºC for 15 minutes and then store in the dark at 4ºC. 

 

Table 2.59 Top Agar 

     S.No. Components Amount /100 ml 

1. Milli-Q Water   100 ml 

2.  NaCl 0.5 g 

3. Agar 0.6 g 

The ingredients were mixed thoroughly after which the solution was boiled in microwave oven 

until agar was dissolved completely. After that 2 ml of solution was poured in 4 test tubes per 

sample. The tubes containing top agar were then autoclaved at 121ºC for 15 minutes. 

 

Table 2.60:     50X Vogel-Bonner (V-B) Salt Solution (Vogel and Bonner, 1956) 

     S.No. Components Amount L-1 

1. Warm 50ºC Milli-Q water 650 ml 

2. Magnesium Sulfate 10 g 

3. Citric acid monohydrate 100 g 

4.  Potassium Phosphate dibasic (K2HPO4) 500 g 

5.  Sodium Ammonium Phosphate 175 g 

The salt solution was autoclaved at 121ºC for 15 minutes and then store in the dark at 4ºC. 

 

Table 2.61:     L-Histidine/Biotin Solution 

     S.No. Components Amount /30 ml 

1. Milli-Q Water   30 ml 

2.  L-Histidine 9.6 mg 

3. D-Biotin 12.4 mg 

The solution was dissolved in 5 ml of autoclaved water and vortex vigorously to dissolve the 

ingredients. It was then filter sterilized into 25 ml of remaining autoclaved water to make the  
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volume up to 30 ml. The solution was then stored in the dark at 4ºC. 

 

Phycobiliproteins Isolation and Purification Solutions 

Table 2.62:     Tris-Base EDTA Buffer 

     S.No. Components g/ 100 ml 

1. 50 mM Tris-Base 0.6 g 

2.  100 mM NaCl 0.58 g 

3. 1% β-Mercaptoethanol 1 ml 

4. 10 mM EDTA 0.292 g 

The pH of the buffer was adjusted to 7.5 and then stored at 4°C in the dark. β-mercaptoethanol 

was added freshly. 

 

Table 2.63:     Ammonium Sulfate Precipitation 

     S.No. Components mg /ml  

1. 65% Ammonium Sulfate 398 

The quantity of ammonium sulfate was adjusted according to protein sample volume. 

 

Table 2.64:     Sodium phosphate Buffer 

     S.No. Components g/ 500 ml 

1. Sodium Phosphate (dibasic) (Stock) 35.5 g 

2.  Sodium Phosphate (monobasic) (Stock) 30 g 

Both stock solutions were prepared separately. For 0.1M sodium phosphate buffer 80 ml of 

dibasic salt solution was mixed in 400 ml of water. In a separate flask 30 ml of monobasic salt 

solution was added in 120 ml of water. The pH of dibasic salt solution was then adjusted to 7.2 

with monobasic salt solution. 

 

Table 2.65:     1M Sodium Chloride Solution 

     S.No. Components gL-1 

1. NaCl 58.44 g 

2.  Milli-Q Water 1000 ml 

 

Polyacrylamide Gel Electrophoresis: NATIVE AND SDS-PAGE (Laemmli, 1970) 

Table 2.66:     5X Sample Loading Buffer for SDS-PAGE 

     S.No. Components Amount 

1. 0.5M Tris-Base (pH 6.8) 1 ml 

2. 25% Glycerol 0.8 ml 

3.  1% Bromophenol Blue Solution 0.4 ml 

4.  10% SDS 1.6 ml 

5.  Β-Mercaptoethanol 0.4 ml 

6.  Milli-Q Water 3.9 ml 
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Final concentration was made to 1X by diluting protein sample 4:1 with 5X buffer. 

 

Table 2.67:     30% Stock Acrylamide Solution 

     S.No. Components g/100 ml 

1. Acrylamide 30 g 

2. Bisacrylamide 0.8 g 

3.  Milli-Q Water 100 ml 

Gloves and dust mask were worn as acrylamide is a potent neurotoxin. The stock solution was 

stored in an air tight brown plastic bottle at 4ºC.  

  

Table 2.68:     Separating Gel Buffer 

     S.No. Components g/100 ml 

1. 1.5M Tris-Base 18.171 g 

The pH was to 8.8 in cold Milli-Q water. 

 

Table 2.69:     10% SDS Solution  

     S.No. Components g/100 ml 

1. SDS 10 g 

2. Milli-Q water 100 ml 

The solution was stored at room temperature. 

 

Table 2.70:     10% Ammonium persulphate Solution 

S.No. Components Amount 

   1. (NH4)2S2O8 1 g 

   2. Milli-Q water 10ml 

A fresh APS solution was prepared before starting the experiment. The solution was stored in an 

air-tight tube in the dark at -20ºC. 

 

Table 2.71:     Stacking Gel Buffer 

     S.No. Components g/100 ml 

1. 0.5M Tris-Base 6.057 g 

The pH was adjusted to 6.8 in cold Milli-Q water.  

 

Table 2.72:     Electrophoresis Buffer for SDS-PAGE 

     S.No. Components g L-1 

1. Tis-Base 3 g 

2. L-Glycine 14.4 g 

3. SDS 1g 

3.  Sterile Milli-Q Water 1000 ml 

The buffer was stored at room temperature in the dark. 
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Silver Staining Solutions 

Table 2.73:     Fixing Solution (A) 

     S.No. Components Amount/100 ml 

1. Ethanol (absolute) 50 ml 

2. Acetic acid 12 ml 

3.  37% Formaldehyde 50 µL 

4.  Milli-Q Water 38 ml 

The solution was stored at room temperature in the dark. 

Table 2.74:     50% Washing Solution (B) 

     S.No. Components Amount/100 ml 

1. Ethanol (absolute) 50 ml 

4.  Milli-Q Water 50 ml 

The solution was stored at room temperature. 

 

Table 2.75:     Sodium thiosulphate Solution (C) 

     S.No. Components Amount/100 ml 

1. Sodium thiosulphate 10 mg 

4.  Milli-Q Water 100 ml 

The solution was stored at room temperature in the dark. 

Table 2.76:     Silver Nitrate Solution (D) 

     S.No. Components Amount/100 ml 

1. Silver Nitrate 100 mg 

4.  Milli-Q Water 100 ml 

The solution was stored at 4ºC in an air tight brown bottle covered with aluminum foil. 

 

Table 2.77:     Developing Solution (E) 

     S.No. Components Amount/100 ml 

1. Sodium Carbonate 3 g 

2. 37% Formaldehyde 50 µL 

3.  Solution (C) 2 ml 

4.  Milli-Q Water 98 ml 

 

Table 2.78:     Stop Solution (F) 

     S.No. Components Amount/100 ml 

1. Na2EDTA (pH 8.2) 0.73 g 

4.  Milli-Q Water 100 ml 

The solution was stored at room temperature. 
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Table 2.79:     5X Sample Loading Buffer for NATIVE-PAGE 

     S.No. Components Amount/50 ml 

1. 0.5M Tris-Base (pH 6.8) 15.5 ml 

2. 25% Glycerol 25 ml 

3.  1% Bromophenol Blue Solution 2.5 ml 

4.  Milli-Q Water 7 ml 

The buffer was stored at 4ºC in dark. 

 

Table 2.80:     Electrophoresis Buffer for NATIVE-PAGE 

     S.No. Components gL-1 

1. Tis-Base 3 g 

2. L-Glycine 14.4 g 

3.  Sterile Milli-Q Water 1000 ml 

The buffer was stored at room temperature in the dark. 

Zinc Staining 

Table 2.81:     20 mM Zinc Acetate Solution 

     S.No. Components g L-1 

1. Zinc Acetate 4.39 g 

4.  Milli-Q Water 1000 ml 

The solution was stored at room temperature in the dark. 

 

Cytotoxic, Genotoxic and Chemopreventive Study 

Human Cell Culture (Cancer Cells and Normal Lymphocytes) 

Table 2.82:     Human Lymphocytes Isolation (Boyum, 1976)  

     S.No. Components Amount / Reaction 

Mixture 

1. Lymphocyte Separating Media (LSM) 3 ml 

2. DPBS/Blood  (1:1) 6 ml 

3. HBSS (Hank’s Balanced Salt Solution)  ~ 3 volumes 

The LSM, DPBS and HBSS were pre-warmed in a 37ºC water bath before use.  

 

Table 2.83:     1X Complete RPMI 1640 Media (Gibco) 

     S.No. Components Amount /500 ml 

1. RPMI 1640 (+ L-glutamin) (Gibco) 500 ml 

2. 10% FBS (Heat Inactivated) 50 ml 

3.  1X Pen/Strep 5 ml 

4. 1X PBS (Phosphate Buffer Saline) 5 ml 

5. 1.5% M-Phytohaemagglutinin (PHA-M) 7.5 ml 
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The stock solutions and RPMI 1640 medium were warmed in a 37ºC water bath before mixing 

them. After that 10% FBS, 1X PBS and 1X Pen/Strep stock solutions were aseptically added to 

the RPMI 1640 medium inside a biosafety cabinet class II. In case of cancer cell lines, the media 

was not supplemented with PHA-M. 

Cell Viability Assay 

Table 2.84:     MTS Reagent Stock Solution 

     S.No. Components Amount  

1. The CellTiter 96® AQueous One Solution 

Reagent (Premade by Promega) 

100 ml for 5000 

assays 

The sterilized MTS reagent by Promega was immediately dispensed into 1ml aliquots upon 

delivery and stored at -20ºC wrapped in aluminum foil. 

 

Clonogenic Assay 

Table 2.85:     Methylene Blue Staining Solution 

     S.No. Components Amount /100 ml 

1. 1% Methylene Blue 1 g 

2. Absolute Methanol 100 ml 

Methylene blue powder was dissolved in absolute methanol. The solution was mixed thoroughly 

and then filtered with Whatman filter paper. The stain was stored at room temperature in dark. 

 

DNA Protection Assay (Lee et al., 2002) 

Table 2.86:     Fenton’s Reagent 

     S.No. Components Amount  

1. Hydrogen peroxide (H2O2) 30 mM 

2.  Ascorbic acid 50 mM 

3.  Ferric Chloride (FeCl3) 80 mM 

As a precautionary measure, goggles and rubber gloves were used during the preparation of 

Fenton’s reagent as the reaction was exothermic and very vigorous.  

 

Alkaline Comet Assay Solutions (Singh et al., 1988)  

Table 2.87:     Agarose Gel Slides 

     S.No. Components Amount/ 50 ml 

1. 1% Normal Melting Point Agarose 0.5 g 

2.  0.8% Low Melting Point Agarose  0.4 g 

The agarose powder was added separately in two flasks labelling 1% NMA and 0.8% LMPA. 

After that 50ml 1X sterile PBS (Calcium/Magnesium free) was poured in each flask and was 

allowed to boil in a microwave oven for 45 seconds at full power.   
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Table 2.88:     Cell Lysing Solution (Chilled) 

     S.No. Components g L-1 

1. 2.5M NaCl 146.1 g 

2.  100mM Na2EDTA 37.2 g 

3.  10mM Tris-Base 1.2 g 

The ingredients were added in 700 ml of pre-chilled Milli-Q sterile water and then mixed 

thoroughly. After that 8 g of NaOH was added and allowed to dissolve for 10 minutes. The pH 

was then adjusted with NaOH/HCl to 10.0. Just before starting the experiment, freshly prepared 

1% Triton X-100 was added in the lysis solution. The lysis solution was stored at 4ºC in dark. As 

precautionary measure, rubber gloves and goggles were worn during the preparation of the 

solution. 

 

Table 2.89:     Electrophoresis Buffer (Chilled) 

     S.No. Components Amount 

1. 10N NaOH (Stock Sol.1) 200g/500 ml water 

2.  200mM Na2EDTA (Stock Sol.2) pH 10.0 14.89 g/200 ml water 

The stock solutions were stored at 4ºC in dark. For 1X working buffer per liter, 30 ml of stock 

solution-1 and 5 ml of stock solution-2 were mixed together and q.s. to 1000 ml. The solution 

was mixed thoroughly and stored at 4ºC in the dark. Prior to use the pH of the buffer was 

measured to ensure > 13. 

 

Table 2.90:     Neutralization Buffer (Chilled) 

     S.No. Components g L-1 

1. 0.4 M Tris-Base 48.5 g 

2.  Milli-Q Water 800 ml 

The pH was adjusted to 7.5 with 1M HCl/NaOH and q.s. to 1000 ml with Milli-Q water. 

 

Table 2.91:     10X Gel Staining Stock Solution (Chilled) 

     S.No. Components Amount 

1. Ethidium Bromide 10 mg 

2.  Milli-Q Water  50 ml 

The stock solution was stored at -20º C in the dark, wrapped in an aluminum foil. For 1X 

working solution, 1 ml of stock solution was mixed with 9 ml of Milli-Q water. Since ethidium 

bromide is a mutagen, gloves were worn during its handling and preparation.  

 

Chromosomal Aberration Assay (Clare, 2012) 

Table 2.92:     Doxorubicin Chloride Stock Solution 

     S.No. Components Amount / ml  

1. Doxorubicin Chloride  1 mg 

2.  Milli-Q Water 1 ml 

The solution was prepared in sterile milli-Q water and then filter-sterilized. The cytotoxic drug 

was diluted to sub-stock solution of 10 µg ml-1, aliquoted into 1ml eppendorf tubes and then 

stored at -20ºC in the dark. 
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Table 2.93:     Colcemid Solution 

     S.No. Components Amount / ml  

1. Colcemid (KaryoMAX®-Gibco) 10 µg 

The solution was aliquoted into sterile 1ml eppendorfs and stored at -20ºC in the dark. 

 

Table 2.94:     0.075M KCl Stock Solution  

     S.No. Components Amount / 100 ml  

1. KCl 0.056 g 

2.  Milli-Q Water 100 ml 

The solution was sterilized with a 0.22µm sterile filter and then stored at 4ºC in the dark. 

Table 2.95:     Fixating Solution 

     S.No. Components Amount  

1. Methanol : Glacial Acetic acid 3:1 

A fresh and pre-chilled fixating solution was prepared before starting the experiment.   

 

Table 2.96:     Giemsa Staining Stock Solution 

     S.No. Components Amount  

1. Giemsa powder (Merck) 1 g 

2. Glycerin 54 ml 

2.  Absolute Methanol 84 ml 

Giemsa powder was dissolved in glycerin and heated at 60ºC for an hour. The mixture was 

allowed to cool after which methanol was added. The solution was mixed thoroughly and then 

was filtered. For working solution 1 ml of stock solution was dissolved in 30 ml of PBS and the 

pH was adjusted to 6.8 

 

Global Metabolic Fingerprinting with GC-MS 

Table 2.97:     Quenching Solution 

     S.No. Components Amount /100ml 

1. Methanol (absolute) 60 ml 

2.  Milli-Q water 40 ml 

 

Table 2.98:     Derivatization Solution 

     S.No. Components Amount /ml 

1. Methoxyamine hydrochloride 20 mg 

2.  Pyridine (anhydrous) 1 ml 

The solution was prepared in a fume hood. 
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Table 2.99     MSTFA Reagent (Sigma-Aldrich) 

     S.No. Components Amount  

1. MSTFA (N-methyl-N-

trimethylsilyltrifluoroacetamide ) 

30 µL 

 

Table 2.100:     Ribitol Stock Solution 

     S.No. Components Amount /ml 

1. Ribitol 0.4 mg 

2.  Milli-Q water 1 ml 

 

2.2 METHODS 

The Isolation and Growth of Cyanobacteria 

Selection of Sampling Sites 

In order to isolate cyanobacterial strains belonging to different groups and to study their 

beneficial and harmful aspects, two polluted and two unpolluted environmental locations 

were selected including; water bodies, soil and sewage drains. These sites were selected on 

the basis of visual presence of large amounts of cyanobacterial growth and algal scum or 

blooms floating on the water body or adhering to the soil or sewage drains.  

Sample Collection   

Cyanobacterial biomass adhering to the soil and drains were scraped off with a sterile spatula 

and the samples were transferred in sterile polyethylene zip-lock bags. The water samples 

were collected in sterilized glass jars. Temperature, pH and salinity of the sampling site were 

recorded with a help of a handy thermometer, portable pH meter and pH strips and EC meter. 

The samples were placed in an icebox and transported to the laboratory where they were 

stored at 4ºC for no more than one week. They were examined under inverted microscope for 

prevailing organisms and also spread on the solid BG-11 (Table 2.1), Bold and Basal (Table 

2.3) and Zarrouk’s media (Table 2.5) supplemented with 0.1mM vitamin B12 solution (Table 

2.7) with or without NaNO3 to obtain different strains of cyanobacteria. The cultures were 

grown for 15-25 days at 28 °C under 16/8 hours light/dark photo period. After that growth 

was observed on different agar media under inverted microscope at 10X objective. Different 

colonies were marked and transferred to a fresh solid BG-11 media.   
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Isolation, Purification and Enrichment of Cyanobacteria  

To isolate a pure culture of cyanobacteria, a solid media with or without NaNO3 was made 

with 1% agar. In order to prevent the growth of other bacteria and eukaryotes, filter sterile 

kanamycin (30µg ml-1) and cycloheximide (50µg ml-1) were added in the media. After that 

selected cyanobacterial colonies were spread on the solid media and incubated for two weeks 

at 25-30ºC with pH ranging from 6 to 10 under low intensity light of 40 µE m-2 s-1 with 16/8 

hours light/dark photo regime.  

For the isolation of unicellular species, the samples plated on the agar media were monitored 

for the presence of different isolated colonies under inverted microscope at 10X. They were 

picked up with a sterile inoculating loop under aseptic conditions and then streaked on fresh 

autoclaved solid media. The cultures were incubated for 15-25 days in order to obtain a 

single colony. The process was repeated several times until mono-cultures were obtained. 

The single colonies were then transferred to liquid media for enrichment.  

For filamentous strains, growth was observed everyday on agar plates under inverted 

microscope at 10X until a single filament was observed in the field. The position of the 

filament was then marked on the petri-plate with a permanent marker and then cut with sterile 

scalpels under aseptic conditions (Stal and Krumbein, 1985). The piece of agar containing 

growth was then transferred to a fresh BG-11 agar media in the middle of the plate. This 

process was repeated several times until axenic filaments were obtained. To check the purity 

of cyanobacteria from other bacteria, axenic cultures were spread on Luria-Bertani agar 

(Table 2.37) (Gerhardt et al., 1994) and incubated at 37ºC for 36 hours following Hagemann 

et al. (2001). The cyanobacteria were enriched in appropriate media which supported the 

maximum growth and various culturing conditions like different pH (5, 6, 7, 8, 9), 

temperature (18ºC, 25ºC, 30ºC and 35ºC), light intensity (20, 50, 100, 150 µE m-2 s-1) were 

given to the cultures to determine the optimum growth of isolated cyanobacterial species. 

Growth Measurement    

The growth of cyanobacterial strains was measured in terms of chlorophyll-a estimation 

following method of Tandeau de Marsac and Houmard (1988). Cyanobacterial cultures were 

harvested for 10 minutes at 5000 xg. The supernatants were discarded and the pallets were 

extracted with 90% methanol for 24 hours in the dark at 4ºC. The extracts were centrifuged at 

25,000 xg for 15 minutes at 24ºC and the absorbance of the supernatants was then measured 
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spectrophotometrically at 665nm against 90% methanol as blank. Chlorophyll-a content (µg 

ml-1) was determined from the optical density at 665nm by equation:             

                                                        OD 665 nm x 13.9. 

Specific growth rate of the cultures was measured as chl-a content. The growth rates were 

calculated with the equation suggested by APHA, WWA and WEF (2005):   

µ = ln (X2/X1) / (t2 – t1) 

Where X1 and X2 are the optical densities at time t1 and t2. 

Morphological Characterization of Cyanobacteria  

Morphological characterization of cyanobacteria was done with light and fluorescent 

microscopy. A drop of sterilized water was placed on a clean glass slide and then 

cyanobacterial cells were gently spread on the slide. The cells were covered with a coverslip 

and observed under oil immersion by using Zeiss Axiophot microscope equipped with CCD 

camera (Zeiss, Oberkochen, Germany) using normal and differential interference contrast 

(DIC) microscopic technique. The morphological traits of isolated and purified cyanobacteria 

observed under light microscope included nature of the strain such as; filamentous, colonial 

or unicellular forms. In filamentous strains width of the trichomes were measured as straight 

or wavy, constrictions of cell walls at septa, individual cell’s width and length ratio and 

presence and absence of heterocysts. In case of unicellular strains, the nature of aggregation 

pattern and cell diameter was observed. Morphological characterization was also done by 

observing the color of the cells, presence or absence of sheaths, motility and formation of 

baeocytes under the microscope. On the other hand, fluorescent microscope (Leica, DMLS 

Wetzlar GmbH), equipped with CCD camera (Labomed Inc. LC-9 USB2.0) was used to 

characterized the presence, absence and dominance of different fluorescent pigments in the 

cells. 

Molecular Identification of Cyanobacteria 

Genomic DNA Extraction from Cyanobacteria 

To extract the DNA, cyanobacterial strains were harvested after 15 days of incubation in a 2 

ml eppendorf. The biomass was centrifuged (Sorvall legend Micro17, Thermo Scientific) at 

15,000 xg for 10 minutes. The supernatants were discarded and pallets were washed with 1 

ml of secret washing buffer (Table 2.8). The biomass was agitated (Disruptor Genie, 
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Scientific Industries) for 10 minutes, centrifuged at 5000 xg for 10 minutes and aspirate. 

These steps were performed three times. The biomass was then resuspended in 0.5 ml of 

resuspension buffer (Table 2.9) followed by the addition of 0.6 g glass beads, 0.03 ml of SDS 

solution (Table 2.10) and 0.5 ml of Phenol/Chloroform solution (Table 2.11). The biomass 

was agitated for 30 seconds followed by 1 minute break on ice for 10 minutes. The process 

was repeated four times until the biomass was homogenized. The mixture was centrifuged at 

15,000 xg for 2 minutes. The top aqueous layer was transferred to a clean 2 ml Eppendorf. 

The DNA was then precipitated with 1/10th volume (0.4 ml) of cold sodium acetate solution 

(Table 2.12). Then 2 ml of pre-chilled absolute ethanol was added. The mixture was gently 

mixed and left at -20ºC overnight. After that, it was centrifuged for 30 minutes at 15,000 xg. 

The supernatants were discarded and the pallet was washed with 70% ethanol and then again 

centrifuged for 10 minutes. The supernatant was carefully removed and pallet was allowed to 

air dry. After that the pallet was rehydrated with 50 µl of pre-chilled sterile nuclease free 

water. 

Agarose Gel Electrophoresis 

For the visualization of isolated genomic DNA from cyanobacteria, 1% agarose gel was 

made. 0.5 g of agarose was weighed out into a 250 ml conical flask. Then 50 ml of 0.5X TBE 

(Table 2.13 and 2.14) was added in the flask. The contents were swirled to mix. The agarose 

(Table 2.15) was made to dissolve by heating in a microwave oven. This rendered the 

solution clear and transparent. The solution was then cooled to 60°C at room temperature and 

then 5 µl of ethidium bromide solution (Table 2.16) was carefully added in the molten 

agarose. The comb was positioned in the tank in which the gel molten gel was carefully 

poured and left to solidify on the bench for at least 20-30 minutes at room temperature. After 

it was solidified, the comb was taken out carefully without breaking the wells. The gel was 

then mounted in the tank and 0.5X TBE buffer (Table 2.14) was poured into the gel tank. 

After that the eppendorf tube containing the samples were centrifuged at maximum speed for 

30 seconds so that any genomic DNA attaching to the side of the wall of tube may come 

down in the buffer. The first well of the gel was loaded with a DNA marker of known size. 

After that 3 µl of 6X loading dye (Table 2.17) was mixed with 5 µl of sample which was then 

loaded in each well carefully. After closing the gel tank, the gel was run at 80 volts for 1 
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hour. The current was stopped when the bromophenol blue had run 3/4th the length of the gel. 

The gel was then transferred to a dark-room to look under the ultraviolet lamp for analysis. 

Amplification of 16s rRNA Gene 

The amplification of 16S rRNA gene from cyanobacterial isolated DNA was performed using 

the primers designed by Nubel et al., (1997) which included forward primer CYA359F 

containing C/T nucleotide degeneracy at nucleotide position 8. The other included equimolar 

mixture of two reverse primers CYA781a and CYA781b (Table 2.18). Approximately, 2 µg 

of genomic DNA template was used with 10 pmol of each primer per 50µl reaction mixture 

(Table 2.19) with final concentration of 0.2pmols. The amplification of the 16S rRNA gene 

was performed on Verity 96-well automated thermal cycler (Applied Biosystems) using 1unit 

Taq DNA polymerase (Bioline) in 5X Taq Red PCR buffer (Bioline). After mixing the 

ingredients gently, the PCR vials containing the mixtures were place in thermoblock of the 

thermocycler equipped with heat lids. The PCR conditions (Table 2.20) were according to the 

primers used. The conditions of the time durations and temperature were optimized and they 

were specified. The PCR amplicons were analyzed by 1% gel electrophoresis as described 

previously and gene of expected size was further prepared for purification in ordered to be 

sequenced.  

Purification of PCR Amplicons 

The PCR products were purified before sequencing to remove the dNTPs and other salts and 

enzymes by using SureClean (Bioline-BIO 37047) and SureClean Pink Co-Precipitant 

(Bioline) (Table 2.21). Briefly, 3 µl of SureClean Pink Co-Precipitant was added into the 

PCR vials containing the amplicons. Equal volume of SureClean was then added to the 

mixture. The contents were mixed gently and then left at room temperature for at least 10 

minutes. After that the mixtures were centrifuged at maximum speed in a mini bench top 

centrifuge (VWR Mini Star, Silverline) for at least 10 minutes followed by careful removal of 

supernatant. Pre-chilled 70% ethanol was then added equal to 2X original sample volume and 

gently mixed for 10 seconds. The mixture was centrifuged at maximum speed for 10 minutes 

at least. The supernatant was discarded and the pink pallet was air dried. The pallet was then 

rehydrated in 50 µl of sterile nuclease free water and stored at -20ºC. The sequencing was 

done commercially.  
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BLAST (Basic Local Alignment Search Tool) Analysis 

The final sequences obtained were firstly analyzed and edited on FinchTV software version 

1.4.0 and then the sequences were screened for chimeras by using Decipher 1.8.0 online 

software. The sequences were then aligned and the contigs were made by using software 

DNABaserTM version 4.20.0.36. The final edited sequences were compared with other 

sequences using BLAST. The sequences were then submitted to GenBank to get their 

accession numbers. 

Phycochemical Analysis of Cyanobacteria 

Phycochemical screening was carried out quantitatively for the presence of primary 

phycochemicals like: lipophilic and hydrophilic pigments, proteins, free amino acids, 

carbohydrates and lipids and secondary phycochemicals like: phenolic compounds, 

flavonoids, alkaloids, saponins, cardiac glycosides, reducing sugars, sterols, terpenoids  and 

mycosporine like amino acids. For the analysis of phycochemicals, the cyanobacterial 

biomasses under optimized conditions were harvested by centrifugation at 25,000xg for 30 

minutes and washed twice with sterile distilled water to remove the adherent  media and then 

quickly frozen in liquid nitrogen which was then subjected to lyophilization (Christ Alpha 2-

4 LD) under reduced pressure of 0.040 mbar at -83ºC. The biomasses were stored at -20ºC 

for phytochemical analysis. 

Primary Phycochemicals 

Total Chlorophyll-a and Carotenoid Estimation  

10 mg of freeze-dried biomass was extracted in 1ml of 90% acetone. The biomass was 

homogenized and then subjected to cold ultra-sonication on ice for 15 minutes. The mixture 

was centrifuged at 25,000 xg for 30 minutes at 4ºC. The samples were allowed to stand at 

4ºC in the dark for 24 hours. The biomasses were repeatedly extracted until they turn white. 

The supernatants were then pooled and centrifuged to remove cell debris and then subjected 

to spectrophotometric calculations. In order to determine the chlorophyll and carotenoid 

content 300 μL of the supernatants were put into a 96-well micro-plate. The absorptions were 

measured at wavelengths of 665 nm for chlorophyll-a and 461 nm for carotenoids. 

Chlorophyll-a content (µg ml-1) was measured by the equation of Tandeau de Marsac and 



Materials and Methods Chapter 02 

 

46 
 

Houmard (1988) whereas, carotenoids were calculated by the equation of Kuhne et al., 

(2013).  

Chlorophyll-a content (µg ml-1) = OD665 nm x 13.9. 

Carotenoid content (µg ml-1) = [OD461 ‒ (0.046 x OD665)] x 4  

Phycobiliprotein Content 

The total phycobiliprotein (PBP) were extracted from 10 mg of freeze-dried biomass in 

0.1M protein extraction buffer (Table 2.22). The biomass was homogenized and then 

subjected to three freeze-thaw cycles at -20°C and 4°C. The biomass was left at 4°C 

overnight for complete extraction. The extracts were centrifuged to remove cell debris and 

then subjected to spectrophotometric analysis. For PBP content 300 μL of the supernatants 

were put into a 96-well micro-plate. The absorptions were measured at wavelengths of 562 

nm for CPE, 620 nm for CPC and 652 nm for APC. The PBP content was measured from 

the established equations of Bennett and Bogorad, (1973) by measuring absorbance at 

wavelengths 562, 620 and 652 nm. 

CPC= (A615– 0.474×A652) / 5.34    -------- i 

APC= (A652– 0.208×A615) / 5.09 C -------- ii 

CPE= [A562– (2.41×PC) – (0.849×APC)] / 9.62 -------- iii 

Where, CPC and CPE concentrations are expressed as mg ml-1, A is the optical density of 

the samples at 615 nm (CPC), 652 nm (APC) and 562 nm (CPE).  

Total Protein Quantification (Bradford, 1976). 

The total proteins of the cyanobacterial isolates were measured with Bradford assay. This 

assay works on the principle that coomassie brilliant blue dye present in the reagent turns red 

with acidic pH which then turns back to its blue form after mixing with a protein sample. 

This protein-dye complex then stabilizes the dye in its blue form. In this case, the amount of 

the blue complex directly correlates with the concentration of the proteins in a solution which 

can then be measured with a spectrophotometer at 595 nm.  

To analyse total proteins, 10 mg of lyophilized biomass was suspended in 5ml of protein 

extraction buffer (Table 2.22). The biomass was agitated with 0.6 g of glass beads and then 

sonicated for 5 minutes on ice with 10 breaks avoiding foaming of the solution. The proteins 

were allowed to extract for 24 hours in dark at 4ºC. After that the solution was centrifuged at 

25,000 xg for 30 minutes at 4ºC and the supernatants obtained were transferred to clean 
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sterile polystyrene falcon tubes. The assessment of total protein concentration was done by 

colorimetric reaction with Bradford reagent (Table 2.23). The Bradford reagent stored in 4ºC 

refrigerator was firstly brought to room temperature and then was gently mixed. A stock 

solution of 1mg ml-1 of protein standard BSA was prepared in the same buffer as the 

unknown protein sample (Table 2.24). It was then serially diluted to obtain various 

concentrations ranging from 0.1-1.4 mg ml-1. To measure the proteins, 0.1 ml of sample, 

standard or blank was taken and added in the tube containing 3 ml of Bradford reagent. The 

tubes were then gently vortexed for thorough mixing. The samples were incubated at room 

temperature in the dark for 10 minutes. They were then transferred to a cuvette and the 

absorbance was recorded at 595 nm. The experiment was repeated three times independently 

(n=3) and included three technical replicates. The concentrations of total proteins were then 

analyzed with the linear regression equation obtained from the mean ± SEM of standard 

calibration curve of BSA. 

Total Carbohydrate Estimation (Gerhardt et al., 1994) 

Traditionally, carbohydrates in algal biomass samples are quantified using a sulfuric acid 

protocol, where sugars are hydrolyzed to furans and measured spectrophotometrically. In 

current research total carbohydrates were measured with anthrone reagent. In 1946, 

Dreywood showed that when acidic solution of anthrone is heated with carbohydrates, an 

intense green color is produced. Since then anthrone reagent has become the basic test for the 

estimation of carbohydrates in the solution.    

For the estimation of total available carbohydrates 10 mg of biomass was suspended in sterile 

milli-Q water. The biomass was homogenized and sonicated on ice for 15 minutes with 10 

breaks. The pallets were allowed to stand for 24 hours and then centrifuged at 25,000 xg at 

4ºC for 30 minutes. The supernatants were transferred to new tubes. Clean screw capped 

glass vials were taken, labelled as blank, standard and sample. After that 0.5 ml of sample or 

standard glucose solution (Table 2.25) was added in the respective vials. In the tube labelled 

blank, 1ml of milli-Q water was added while 0.5 ml was added in the sample and standard 

tubes making total volume of 1 ml in all tubes. This was followed by the addition of 4 ml of 

anthrone reagent (Table 2.26) carefully along the walls of all the glass vials. The tubes were 

then covered with the screw cap and mixed well by vortexing. They were then transferred to 

a boiling water bath and left there for 10 minutes until a blue-green color appeared. The 
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mixture was allowed to cool at room temperature and the absorbance was then taken with a 

spectrophotometer at 620 nm. The total carbohydrate concentration was calculated with the 

following equation: 

CUn = AUn  x CSt /  ASt 

Where:  

CUn = Concentration of unknown    AUn = Absorbance of unknown 

CSt = Concentration of Standard     ASt = Absorbance of Standard 

Total Free Amino Acid Estimation (Jones et al., 2002) 

The free amino acids were measured with colorimetric assay by using ninhydrin reagent. The 

original color of ninhydrin is basically yellow which in a presence of amino acid turns deep 

purple. This deep purple color can then be measured spectrophotometrically at 570 nm.  

Ninhydrin basically reacts with a free α-amino radical present in free amino acids. Although 

proteins and peptides also have this radical but a decarboxylation reaction only occurs with a 

free amino acid in a solution and thus it is a screening test only for amino acids.  

To determine the total free amino acids, 10 mg biomass was suspended in 70% methanol. 

They were homogenized and sonicated on ice for 5 minutes with 10 breaks. The amino acids 

were allowed to extract for 24 hours and then centrifuged at 25,000 xg at 4ºC for 30 minutes. 

The supernatant was transferred to a new clean tube. An amino acid standard L-glycine stock 

solution was prepared (Table 2.27) and then diluted to make different concentrations ranging 

from 0-200 µg ml-1. Ninhydrin color reagent was prepared in sodium acetate buffer (Table 

2.28). The amino acid estimation was carried out in flat bottom 96-well microplate. 100 µl of 

sample or standard was pipetted in the micro-well plate and then 75 µl of ninhydrin color 

reagent was added and mixed thoroughly. The mixture was incubated at 80ºC for 30 minutes. 

After cooling, 100 µl of stabilizing reagent (Table 2.29) was added. The absorbance was 

recorded with a micro-well plate reader at 570 nm (Epoch Bioteck, USA). The experiment 

included three technical replicates and the experiment repeated three times independently 

(n=3). The concentrations of total free amino acids were then analyzed with the linear 

regression equation obtained from the means ± SEM of standard calibration curve of L-

Glycine.  
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Total Lipids 

Total lipids were extracted according to the method of Folch et al. (1957). 100 mg of freeze-

dried cyanobacterial biomass was homogenized in 4 ml of chloroform: methanol mixture 

(2:1). The cells were then disrupted with ultrasonication for 10 minutes. Phase separation was 

done by the addition of 1.2 ml of 0.9% NaCl. The mixture was then centrifuged at 14,000 xg 

for 3 minutes. The bottom chloroform layer was collected and filtered with 0.44 µm filter. 

Aliquoted lipid extracts were then transferred to pre-weighed 1.5 ml microcentrifuge tubes. 

The extracts were then subjected to vacuum evaporation at 40°C and then weighed thrice on 

a five-digit analytical balance (Shimadzu, Japan). The lipid content was then expressed as mg 

g-1 dry weight. The experiment included three technical replicates and the experiment 

repeated three times independently (n=3). 

Secondary Phycochemical Screening 

Secondary phycochemicals were analyzed with standard methods as follows: 

Test for Alkaloids (Wagner’s Test) 

The alkaloid screening test was performed by using Wagner’s reagent (Table 2.30). The 

extracts and standard berberine solution were mixed with 1 ml of 1% v/v sulfuric acid, and 

then a few drops of Wagner’s reagent were added slowly. The formation of orange to reddish 

brown precipitates indicated the presence of alkaloids.  

Test for Reducing Sugars 

The reducing sugars were screened with 3,5-dinitrosalicylic acid (DNS) (Table 2.31) where it 

is reduced to 3-amino, 5-nitrosalicylic acid under alkaline conditions. In 3 ml extracts or 

standard glucose 3 ml of DNS reagent was added. The mixture was heated at 90º C for 5-15 

minutes. The formation of red-brown color indicated the presence of reducing sugars.  

Test for Phenolics 

The screening of phenolics was performed with Folin-Ciocalteu (F-C) reagent (Table 2.32). 

In 1 ml of extracts and standard gallic acid, 5 ml of F-C reagent was added. After that 4 ml of 

sodium carbonate was added. The appearance of bluish-black color showed the presence of 

phenolics. 
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Test for Flavonoids 

To screen for flavonoids, 1 ml of extracts and standard rutin were mixed with 2 ml of 1% 

solution of aluminum chloride. The yellow color formed in the process indicated the presence 

of flavonoids in the solution.   

Test for Cardiac Glycosides 

To screen the presence of cardiac glycosides, 1 ml of 1% ferric chloride reagent was added in 

1 ml of extracts followed by the addition of few drops of concentrated sulfuric acid. Green-

blue color formation within few minutes showed presence of cardiac glycosides. 

Test for Saponins (Foam Test) 

To screen the presence of saponins 2 ml of distilled water was added in 1 ml of extracts and 

then the mixture was shaken vigorously. The formation of foam on the surface of the mixture 

which persisted for at least 10 minutes indicated the presence of saponins. 

Test for Sterols (Liebermann–Burchard Test) 

To test the presence of sterols was screened with Liebermann–Burchard test. 1 ml of 

cyanobacterial extracts were dissolved in 1 ml of chloroform. Few drops of acetic anhydride 

were then added followed by 2 drops of concentrated sulfuric acid. The appearance of bluish-

green color after some time showed presence of sterols.  

Test for Terpenoids (Salkowski Test) 

To test the presence of terpenoids, 1 ml of extracts were mixed with 1 ml of chloroform. 

After that few drops of concentrated sulfuric acid was added. The formation of deep brick-red 

color indicated the presence of terpenoids. 

Important Secondary Phycochemical Quantification  

Total Phenolics Estimation (Herald et al., 2012) 

To determine the total phenolics, 10 mg biomass was suspended in various extraction buffers 

including: water, 70% methanol, pure methanol, acetone and AMC solvent mixture. It was 

homogenized and sonicated on ice for 5 minutes with 10 breaks. The phenolics were allowed 

to extract for 24 hours and then centrifuged at 25,000 xg at 4ºC for 30 minutes. The 

supernatants were transferred to new clean tubes. A phenolic standard gallic acid stock 

solution was prepared (Table 2.33) and then diluted to get different concentrations ranging 
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from 0-200 µg ml-1. The total phenolics were estimated in a 96-well flat bottom micro-titer 

plate. To each of the 96 wells, 75 µl of milli-Q water was added followed by 25 µl of sample, 

standard or blank. After mixing, 25 µl of diluted F-C reagent (Table 2.32) was added to the 

mixture. After 6 minutes of incubation in the dark, 100 µl of sodium carbonate solution 

(Table 2.34) was added to each well. The solutions were mixed and the plates were covered 

and left in dark for 90 minutes. The absorbance of the blue-black colored product was 

measured with a micro-well plate reader at 765 nm. The experiment included three technical 

replicates and the experiment repeated three times independently (n=3). The concentrations 

of total phenolics were then analyzed with the linear regression equation obtained from the 

means ± SEM of standard calibration curve of Gallic acid. The results were expressed as mg 

Gallic acid equivalent (GAE) g-1 dry weight. 

Total Flavonoid Estimation (Herald et al., 2012) 

To determine the total flavonoids produced, 10 mg biomass each was suspended in various 

extraction buffers including: water, 70% methanol, pure methanol, acetone and AMC solvent 

mixture (acetone: 2% acidified (acetic acid) methanol: chloroform (10:8:6)). The biomass 

was homogenized and sonicated on ice for 5 minutes with 10 breaks. The flavonoids were 

allowed to extract for 24 hours and then centrifuged at 25,000 xg at 4ºC for 30 minutes. The 

supernatant was transferred to a new clean tube. A flavonoid standard Rutin stock solution 

was prepared (Table 2.35) and then diluted to make different concentrations ranging from 0-

200 µg ml-1. The flavonoids were estimated in a 96-well flat bottom micro-titer plate. 0.15 ml 

of 95% ethanol was added to the wells first followed by 0.05 ml of extracts, standard or 

blank. After that 0.01 ml of aluminum chloride solution (Table 2.36) was added. After that 

0.01 ml of 1M potassium acetate solution (Table 2.37) was added and mixed thoroughly. 

95% ethanol was used as a blank. The mixture was then incubated at room temperature in 

dark for 40 minutes after which absorbance was recorded at 415 nm with the help of a micro-

well plate reader. The experiment included three technical replicates and the experiment 

repeated three times independently (n=3). The concentrations of total flavonoids were then 

analyzed with the linear regression equation obtained from the means ± SEM of standard 

calibration curve of Rutin. The results were expressed as mg Rutin equivalent (RE) g-1 dry 

weight of cyanobacterial biomass.  
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RP-HPLC UV/VIS Analysis of Phenolic and Flavonoid Content. 

The analysis of phenolic and flavonoid compounds produced by cyanobacterial isolates under 

optimized conditions was done with HPLC system equipped with UV/VIS detector with RP-

C18 column (250 x 4.6mm Hypersil ODS 5 μm particle size). The peaks were analysed with 

integrated software clarity. The mobile phase consisted of methanol and water (95:5) and the 

flow rate was adjusted to 1 ml minutes-1. The analysis was run at ambient temperature. The 

crude phenolic extracts and standard phenolic and flavonoid compounds were diluted with 

absolute methanol (HPLC grade) and 25μl of each sample was loaded with a micro syringe. 

Each sample was run for 20 minutes and the absorbance was recorded at 280 nm. The 

phenolic compounds were detected by comparing the peaks in the crude extracts with those 

of standards. 

Total Alkaloids Estimation (Ferguson, 1956). 

For the estimation of total alkaloids, 10 mg biomass was suspended in 2% acidified ethanol 

(Table 2.38). The pallets were homogenized and sonicated on ice for 5 minutes. The biomass 

was then incubated in a 100°C water bath for 30 minutes. The extract was cooled and 

incubated at room temperature for 24 hours after which the mixture was centrifuged at 25,000 

xg at 4ºC for 30 minutes. The supernatant was transferred to new clean falcon tubes and 1 ml 

of poured into a separatory funnel and washed with 10 ml chloroform. The pH of the aqueous 

layer collected was normalized with 0.1 N NaOH. After that 5 ml of bromophenol blue 

solution (Table 2.39) and 5 ml of buffer solution A with pH 7.0 (Table 2.40) were added to 

this solution. After vigorous shaking, the solution was again reacted with 4 ml of chloroform 

for the extraction of complex formed in the process. The extracts were then diluted to a 

volume with chloroform. For standard calibration curve, berberine chloride, stock solution 

(Table 2.41) was accurately measured and the aliquot (0.1, 0.4, 0.6, 0.8 and 1 ml) of each 

concentration was similarly processed as described above. The absorbance of the complex in 

chloroform in standard and sample was measured at 470 nm with the help of 

spectrophotometer against blank prepared as above but without sample or standard. The 

experiment included three technical replicates and repeated three times independently (n=3). 

The concentrations of total alkaloids were then analyzed with the linear regression equation 

obtained from the means ± SEM of standard calibration curve of berberine chloride. The 

results were expressed as mg berberine equivalent (BE) g-1 dry weight. 
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Antioxidant Potential 

ABTS Assay (Re et al., 1999) 

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) is an organic compound with 

high reduction potential. It is often used in food industries to calculate antioxidation abilities 

of food or food products. The basic principle of ABTS assay includes the conversion of 

ABTS into its cationic radical by reaction with sodium persulfate. This reaction gets stable 

after 16-24 hours, so the incubation of this reaction is necessary. The stable cationic radical 

of ABTS is very reactive towards majority of antioxidants and other potentially antioxidative 

molecules like phenolics, flavonoids, proteins, vitamins etc., and absorbs light at 734 nm. 

When an antioxidant is reacted with the blue-green ABTS cation radical, it is converted again 

to its colorless neutral state. The degree of color change can be monitored with a 

spectrophotometer by measuring the absorbance at 734 nm.  

The antioxidant activities of the extracts were measured in 96-well flat bottom plates by 

ABTS+ radical decolorization assay. ABTS stock solution (Table 2.43) was mixed with 

potassium persulfate (Table 2.44) in dark for 24 hours. In order to obtain the working 

solution, the blue-green stock solution was mixed with PBS to give an absorbance of 0.700 ± 

0.050 at 734 nm. The reaction mixture for 96-well plate consisted of 50 µl sample or standard 

and 150 µl ABTS+ in PBS working solution. The reaction was allowed to run for 6 minutes at 

room temperature in dark and the absorbance was immediately recorded at 734 nm with a 

help of a plate reader. The percentage scavenging effect was calculated as:  

% ABTS Inhibition = [(A0 – A1) / A0] x 100. 

Where A0 is the absorbance of the control (without sample or standard) and A1 is the 

absorbance in the presence of the sample. The EC50 values of standard and sample were 

determined by non-linear regression. Trolox stock solution (Table 2.45) was diluted to obtain 

various concentrations as a standard. The results were calculated as mean values ± SEM (n = 

3). 

DPPH Assay (Fukumoto and Mazza, 2000) 

DPPH is an abbreviation of an organic compound 2, 2-diphenyl-1-picrylhydrazyl. It is a 

stable free radical and used in the assay, for the analysis of free radical scavenging abilities of 

other molecules or potential antioxidants. The basic principle involving DPPH assay is the 

measurement of rate of reduction of chemical reaction when DPPH is made to react with a 
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potent free radical scavenger. The DPPH free radical has an absorption maximum at 517 nm, 

at which it appears deep purple in solution. Upon reaction with a free radical scavenger, this 

purple color changes to yellow to colorless depending, depending upon the potency of the 

free radical scavenging molecule. This change in color can be measured 

spectrophotometrically at 517 nm.   

The free radical scavenging activity of the cyanobacterial extracts was analyzed with DPPH+ 

radical in 96-well plate method. For the working solution, a DPPH stock solution (Table 

2.46) was diluted with methanol to obtain an absorbance of 0.900 ± 0.050 at 517 nm. 100 µl 

of sample or standard was dispensed in all the wells except a blank in which 100 µl of 

methanol was added. 100 µl of DPPH solution was then added to all the wells. The reaction 

was mixed, covered and incubated in the dark for 30 minutes. The absorbance was checked at 

517 nm with a help of a plate reader. The percentage scavenging effect was calculated as:  

% DPPH Inhibition = [(A0 – A1) / A0] x 100. 

Where A0 is the absorbance of the control (without sample or standard) and A1 is the 

absorbance in the presence of the sample. Ascorbic acid stock solution (Table 2.47) was 

diluted to obtain various concentrations as a standard. EC50 value of the sample and standard 

was calculated by non-linear regression. The results were calculated as mean values ± SEM 

(n = 3). 

Antioxidation Bioautographic Assay 

For the detection of antioxidant compounds in the crude aqueous, methanolic, acetone and 

AMC extracts, pre-coated aluminum backed silica gel sheets (Silica gel 60 F254, Millipore) 

were used. A light pencil line was drawn on the sheet approximately 2 cm from the bottom. 

Cyanobacterial aqueous, methanolic, acetone and AMC extracts were spotted on the sheet 

and dried with the help of a hair drier. After that two TLC tanks were taken and a small 

amount of mobile phase solvent for organic extracts (Table 2.48) was added in one tank and 

mobile phase solvent for aqueous extracts (Table 2.49) was added in the other tank. The TLC 

sheets loaded with extracts were then placed in their respective tanks and the solvent front 

was allowed to reach 2 cm from the top. The sheets were then taken out and the solvent front 

was marked with a pencil. The bands of compounds were monitored visually for colored 

compounds and also monitored under UV light of 254nm and 366nm. The photographs were 

taken at the spot and the TLC plates were then sprayed with 0.2% DPPH solution (Table 
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2.50). The plates were incubated in the dark for 5 minutes and were observed for the 

appearance of yellow spots against purple background.  

Antimicrobial Potential 

Agar-well Diffusion Method 

The screening of antibacterial potential of the extracts was done with agar-well diffusion 

method. Autoclaved Muller-Hinton agar media (Table 2.51) for bacteria and YPD agar media 

(Table 2.52) for fungi was swabbed with 18 hours fresh cultures of pathogenic tester bacterial 

strains and 24 hours fresh cultures of pathogenic yeast tester strains. The wells were made in 

each of these plates using sterile glass tubes ~2 cm apart from each other. After that about 50 

µl of crude extracts were then added into the wells under aseptic conditions and allowed to 

diffuse at 4ºC for 2 hours. The bacterial cultures were incubated at 37°C for 18-24 h whereas 

the yeast cultures were incubated at 28°C for 48 hours. The diameter of the inhibition zone 

(IZ mm) was then measured and the results were interpreted according to the 

recommendation chart of NCCLS (NCCLS, 1997).  

Micro-titer Broth dilution Method 

The minimum inhibitory concentration (MIC) of the cyanobacterial extracts, were performed 

by serial dilution in a separate sterile 96-well microtiter plates for bacteria and yeast. 0.1 ml 

of LB broth (Table 2.53) and YPD broth (Table 2.52) for bacteria and yeast respectively were 

dispense into wells of microtiter plates. 0.1 ml of sample or standard was then mixed into 

starting well. A two fold serial dilution was then made by transferring 0.1 ml from initial well 

into the adjacent well. The same procedure was done to the entire dilution series. The over-

night bacterial and yeast cultures with 104 to 105 CFU/ml of volume 0.01 ml was then seeded 

in all the wells except the blanks. The plates were covered and incubated at 37ºC and 28ºC 

for 24 and 48 hours for bacteria and yeast respectively. After the incubation period the 

absorbance was recorded at 600 nm (Epoch Bio-Tek plate-reader). For the determination of 

bacterial viability, 10 µl of 0.2% TTC solution (Table 2.54) was then added in all the wells 

and then incubated for 3-4 hours. The absorbance was then taken at 480nm. The IC50 and 

MIC values are derived from the data by applying non-linear regression curve-fit with 95% 

confidence interval by applying Gompertz equation for MIC determination using GraphPad 

Prism 5.0 software. The experiments included three technical replicates.   
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Bioautographic Agar Overlay Assay 

To detect the active antimicrobial compounds in the crude cyanobacterial extracts, 

bioautographic agar overlay method was adopted. Separate strips of TLC aluminum backed 

plates (Merck Silica Gel 60 F254) were spotted with 5 µl of crude extracts. The strips were 

then dipped in the mobile phase solvent mixture (Table 2.48). The developed chromatograms 

were place faced-up in the sterilized petri-dish. After that 15 ml autoclaved Muller-Hinton 

agar (Table 2.51) was seeded with 1ml 104 to 105 CFU/ml of bacterial tester strain at 45ºC 

were poured over the TLC plate aseptically. The plates were incubated at 4ºC for complete 

diffusion of extracts for 2 hours and then shifted to 37ºC incubator for 24 hours. After the 

incubation period the compounds were detected by observing yellow zones of inhibition 

against red background by pouring 0.2% filter sterile triphenyl tetrazolium chloride (TTC) 

(Table 2.54) on the agar media. Inhibition zones were compared with the Rf of the related 

spots on the reference TLC plate. Active fractions in a crude extract were marked.  

Biotoxic and Cytotoxic Potential 

Brine Shrimp Lethality Assay (Sleet and Brendel, 1983).  

Artemia salina belongs to the genus of Crustaceans commonly known as brine shrimps since 

they can thrive in aquatic habitats with high salinity of up to 25%. They have the ability to 

reproduce dormant eggs also called as cysts which have many applications in aquacultures 

and feed stock for fish. They are sold as novelty gifts with trade names of Sea-Monkeys and 

Aqua Dragons. In research and academia, Artemia is also used as a standard test organism for 

cytotoxicity testing as an alternative to use mammalian test subjects. The Brine shrimp 

lethality assay was first devised by Michael et al., 1956 which was later modified by 

Vanhaecke et al., 1981 and Sleet and Brendel, 1983. The basic principle includes the ability 

of the test sample to kill the newly hatched nauplii of Artemia salina from the dormant cysts 

after 24-48 hours of incubation.  

Biotoxicity of crude extracts of the cyanobacterial strains was determined against brine 

shrimp Artemia salina. 0.5 g of dried eggs of Artemia salina were added to a conical glass 

container of 500 ml capacity and filled up to 400 ml with brine-shrimp medium (Table 2.55). 

The media containing the eggs was incubated for 24-48 hours with constant aeration with an 

aquarium pump at 28ºC under continuous high intensity light of 200 µE m-2 s-1. After 

incubation the aeration was terminated and the highly phototropic hatched nauplii were made 
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to gather at the point of continuous light source by covering all the other sides with a dark 

paper. With a pipette, 30 to 40 nauplii were collected and transferred to a microtiter plate 

filled with 200 µl of brine-shrimp media. Cyanobacterial extracts dissolved in 0.2% DMSO 

were diluted with brine shrimp media to make different concentrations and then 50 µl of the 

extracts were seeded in the micro-well plates. The plates were incubated at 28°C in the dark 

under moisturized conditions. After 24 hours dead nauplii in each well were counted again 

under the inverted microscope at 20x objective. The surviving nauplii were killed by addition 

of 50 µl methanol so that subsequently the total number TN of the nauplii could be 

determined. The biotoxicity assay also included a blank well containing 0.2% DMSO 

whereas actinomycin D (10 μg ml-1) was used as a positive control for inducing 100% 

biotoxicity. As a positive control with 100% mortality, was used. The biotoxicity was 

calculated using the following formula: 

 

% Biotoxicity =    (DN ‒ BL ‒ DN0)    x 100 

                                                              (TN ‒ DN0) 

Where: 

DN = Number of dead nauplii after 24 hours 

BL = Number of dead nauplii in the blank after 24 hours 

DN0 = Number of the dead nauplii at the start. 

TN = Total number of nauplii. 

The 50% lethal dose (LD50) was determined with non-linear regression analysis using 

GraphPad Prism 5.0 software. The results were calculated as mean ± SEM of three technical 

replicates. 

Teratogenic Potential 

Teratogenicity in Chicken Embryos 

Teratology is the field that deals with abnormalities produce during physiological 

development of an organism. These abnormalities can be caused by toxic substances, 

vertically acquired viral diseases or a pollutant, when they find their way to the developing 

embryo. The standard tests to check teratogenic potential of a substance involves the use of 

pregnant rodents by examining the progeny near term. However, the use of this procedure has 

some drawbacks as they are expensive, time consuming and labor intensive and the results 
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observed could be different from humans as there is an obvious species difference to 

teratogenic response.  

Now-a-days, due to great advancement in therapeutics, cosmetics and food related chemicals, 

the need to monitor their effect on the well-being of humans and animals has also increased. 

The use of such expensive test subjects is highly unlikely as it is very unrealistic to check all 

these chemicals in vivo. So, there is a need to develop cheaper and less time consuming 

alternatives. Many test systems have been developed for this and one of them is to use 

chicken embryos. The basic advantage of chicken embryos is that, that they are cheaper can 

be readily preserved and can be used in brief period of time. The developing chicken embryo 

is an extensively used model for studying in vivo effects of a potential toxic substance. It has 

now become a model system to monitor the effects of chemicals or toxic substance on the 

morphology and biochemical and functional analysis on the growth and development of an 

organism. 

Cyanobacterial extracts which showed significant cytotoxicity were selected to analyze their 

teratogenic potential by studying the developmental abnormalities in chicken embryo as 

described by Singh and Sinha (1973). The eggs were purchased from Big Bird hatchery, 

Raiwind road, Lahore, Pakistan. A total of 220 embryos were studied which were divided to 

form two groups; the control group and the treatment group which was further divided into 

two groups belonging to lowest and highest concentrations of the extracts. Each group 

comprised of 10 embryos (n=10). The control group comprised of 10 (n=10) untreated 

embryos (negative control) whereas vehicle control comprised of 10 embryos (n=10) treated 

with 0.2% DMSO. Three days old fertilized embryos were injected aseptically with single 

dose of cyanobacterial extracts and then incubated at 37°C for 1 week. The effects of extracts 

on early embryonic development were studied. So for that matter the embryos were sacrificed 

on the 7th day when they reached Hamilton-Hamburger (HH) stage 33. The procedures were 

followed according to the declaration of Helsinki, 1964. Dead and infertile eggs were 

discarded by analyzing them in an egg Candler. The eggs were firstly washed with an 

antibacterial detergent and then sterilized with 70% ethanol. Under laminar flow hood, a 

small scratch was made with the help of a sterilized scalpel until the outer shell membrane 

was visible. After that with the sterilized micro-syringe 100 µl of filter sterilized 

cyanobacterial extracts dissolved in final concentration of 0.2% DMSO were aseptically 

injected with three doses of 10, 50 and 100 µg ml-1 into the egg through chorioallantoic 
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membrane. The eggs were then wiped out again with 70% ethanol and the hole was sealed 

with hot wax. The control group received sterile 0.2% DMSO. The eggs were then incubated 

for seven days in an incubator on a cotton wool. The incubator was preset to 37 ºC having a 

humidity of 60-70%. The eggs were rotated manually each day and at the end of incubation 

they were transferred to a freezer. The eggs were then analyzed for lethality or any 

abnormalities. The embryos were then preserved in Bouin’s fixative (Table 2.56). 

Mutagenicity Study  

Ames Salmonella Test (Ames, 1974) 

The mutagenic potential of cyanobacterial extracts was observed with Muta-ChromoPlateTM 

kit (ebpi) which functions with the same principle of bacterial reverse mutation Ames test. It 

uses several Salmonella typhimurium strains which are genetically engineered to have 

mutation(s) in the histidine coding operons. Upon exposure with a mutagen, these mutant 

strains undergo reverse mutation to wild-type forms and as a result an auxotrophic mode of 

life turns into prototrophy. This assay has generally been performed with traditional 

techniques like agar-spot overlay, plate-incorporation or pour-plate assays however, due to 

laborious work and underestimation of the results an alternate liquid plate-fluctuation test 

assay has been devised by Luria and Delbruck (1943) and was modified by Hubbard et al. 

(1984) which works under the same principle. 

Agar-overlay assay 

The screening of mutagenic potential of cyanobacterial extracts was firstly done by manual 

method by agar-overlay assay. For that matter glucose minimal agar medium (Table 2.57) 

plates labelled as: negative control, positive control, and samples were prepared. Then top 

agar solution (Table 2.59) for each treatment was put in a hot water bath until the agar 

melted. The water bath was then maintained at 45ºC after which 200 µl of sterile Vogel-

Bonner salt solution (Table 2.60) was added in the molten top agar tubes followed by 300 µl 

of L-histidine/biotin solution (Table 2.61). Before inoculating the media the previously 

maintained mutant Salmonella typhimurium strains (TA97a, TA98, TA100 and TA102) were 

growth in LB-broth with 0.5 MacFarland standard for 18 hours after which 1 ml fresh culture 

was centrifuged and the pallet was resolved in normal saline. After that 100 µl of fresh 

cultures dissolved in 0.9% normal saline were added in their respected tubes. The contents 
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were quickly mixed and poured over the minimal agar plates. Then four sterile eppendorf 

tubes were taken and labelled as negative control, positive control and samples. Sterile paper 

disks were dipped in the samples and controls and then placed gently in the middle of the 

agar surface of the respected plates which were then incubated for 3 to 5 days. The presence 

of growth near the paper disks were then observed and recorded along with background 

growth.  

Plate-Fluctuation Assay (Kit method) 

The Muta-ChromoPlateTM (Ebpi) kit was used for plate-fluctuation assay. The mutagenic 

potential of the extracts of cyanobacteria were checked according to the protocol of the 

manufacturer of the kit. Briefly, lyophilized mutant strains were firstly rehydrated and grown 

in growth media at 37ºC for 18 hours before starting the assay. All the required components 

included in the kit were then mixed into the culture tubes which included; 21.62 ml Davis-

Mingioli salt solution, 4.75 ml D-glucose, 2.38 ml bromocresol purple, 1.19 ml D-biotin and 

60 µl of L-histidine. About 30 ml of minimal medium was filter sterilized. To make the 

reaction mixture, 2.5 ml of sterilized minimal medium was mixed with 110 µl of positive 

controls; sodium azide (NaN3) for TA100, 2-nitrofluorine (2-NF) for TA98, 9-aminoacridine 

for TA97a, mitomycin C for TA102 and 2-amino anthracene (2-AA) (in case of enzymatic 

activation) or 1ml of cyanobacterial extracts with selected final concentrations or solvent 

(0.2% DMSO) and 5 µl of freshly grown Salmonella strains. In case of metabolic activation 

the reaction mixture also received 2 ml of S9 mix. The total volume of the reaction mixture 

was then made 20 ml by adding sterile milli-Q water with either with and without S9 mix. 

The reaction mixture was mixed gently and then 200 µl was dispensed in all the 96 wells of 

the microtiter plate. Prepared plates were labelled and covered with lids under aseptic 

conditions and then sealed in airtight bags so as to prevent evaporation. Four background 

negative controls and positive controls for each Salmonella strain were used in order to 

compare with the treatment plates. The blank sterility checking plate did not receive any test 

chemicals and Salmonella strains and the test was only applied in case of absence of 

contamination. The plates were incubated for 5 days at 37ºC after which the prototrophy of 

the reverse-mutant strains were recorded by counting the yellow wells as positives and purple 

wells as negatives. The statistical analysis for the results was calculated from the table given 

in the kit manual based on the p.values derived from Gilbert, (1980). 
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Isolation and Purification of Phycobiliproteins 

Extraction of Phycobiliproteins 

In order to extracts high amounts phycobiliproteins (PBP), various parameters were studied 

for maximum extraction of PBPs from the biomass. The parameters included; extraction from 

wet and lyophilized biomass in Milli-Q water with cell lysis regimes of cold ultra-sonication 

on ice, freeze/thaw cycling, treatment with 100 µg ml-1 lysozyme and homogenization with 

cell disruptor. Furthermore, various buffers were used which included; 100 mM sodium 

phosphate (pH-7.0), 100 mM potassium phosphate (pH-7.0), 50 mM sodium acetate (pH 6.0), 

50 mM Tris-HCl/EDTA buffer (pH 6.8) and Tris-base/saline buffer (pH-7.6). The extraction 

process was repeated until all the biomass turned green after which the crude pigmented 

extract was centrifuged at 25,000 xg for 30 minutes at 4ºC and then filtered to remove all the 

cell debris and then analyzed spectrophotometrically (UV/VIS spectrophotometer Biospec-

1601 Shimadzu Japan) for purity status and concentrations of individual phycobiliproteins. 

Ammonium Sulfate Precipitation 

The crude dark blue (CPC) and violet-pink (CPE) supernatants were subjected to single step 

precipitation with 65% (NH4)2SO4 (Table 2.63) and left at 4ºC in the dark for 24 hours. The 

obtained precipitates were then centrifuged at 50,000 xg (Beckman Coulter Avanti J-301) for 

30 minutes at 4ºC. The supernatants were discarded and the precipitates were dissolved in 

sodium phosphate buffer (Table 2.64). The ammonium sulfate treated proteins were then 

dialyzed against 1 liter of same buffer using 70, MWCO 12 kDa-dialysis membrane for 24 

hours at 4ºC in dark with constant stirring while changing the buffer after every 8 hours. The 

dialyzed proteins were retrieved from the membrane and then passed through 0.45 µm sterile 

filter before chromatographic separation. 

Anion Exchange FPLC  

Fast protein liquid chromatography (FPLC) was first developed by a Swedish company 

Pharmacia in 1982. It is a special type of liquid chromatography which is specifically used to 

separate a protein of interest from a crude mixture. It is versatile technique which is basically 

designed for proteins; however, it can also be used for other compounds as there is a wide 

variety of resins and buffers to choose from.  
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The principle of FPLC like all other liquid chromatography depends on the involvement of 

mobile and stationary phase. However, it differs from other chromatographies in a sense that 

it uses an aqueous mobile phase like buffers with varying concentrations to elute out proteins. 

The most important aspect of FPLC is probably the choice of stationary phase as it relies on 

resins which are composed of cross-linked agarose beads packed in a cylindrical column. The 

resins often have surface ligands with varying applications depending upon the 

physicochemical properties of the proteins.  

The common principle of FPLC involves an ion-exchange resin with which the protein binds 

due to charge interactions when they are in running buffer. A crude protein mixture in a 

running buffer is firstly pumped into the column. The target proteins bind to the resin through 

the ligands and the unbound unwanted proteins are then eluted out of the column. The 

selection of resins is the most crucial step in FPLC. These resins are often chosen on the basis 

of the isoelectric points of the proteins. When a protein in a solution is stable at a pH value 

above its isoelectric point then the protein net charge is negative, hence it binds to a positive 

anion-exchanger. Conversely, if a protein in a solution is stable at a pH value below its 

isoelectric point then the protein net charge is positive, hence it binds to a negative cation-

exchanger.    

In order to purify the phycobiliproteins, the dialyzed protein sample dissolved in 10 mM 

sodium phosphate buffer, pH 7.2 was injected in FPLC HiTrap-DEAE Sepharose Fast Flow 

(FF) 1ml column (GE ÄKTAFPLC). The samples were eluted with a linear gradient of 0-1 M 

NaCl (Table 2.65) in same buffer at a flow rate of 1ml/minute with column pressure of 0.3 

MPa. The fractions were collected in 1 ml vials. The purity ratios of CPE and CPC fractions 

obtained from anion exchange chromatography was analyzed spectrophotometrically by 

using the equation:  

CPC = OD568/OD280 ------- i 

 CPE = OD620/OD280 ------- ii 

The pink and blue colored fractions with highest purity were pooled together and 

concentrations of C-Phycoerythrin and C-Phycocyanin were determined by the equations of 

Bennett and Bogorad (1973) as described earlier.  

The excitation and emission spectra were recorded using a Perkin-Elmer (LS-45) fluorescent 

spectrometer. The absorbance scan of purified C-PE and C-PC was also analyzed by UV/VIS 

spectrophotometry (Biospec-1601 Shimadzu Japan). Before performing the PAGE, the 
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protein samples were further purified with microcon-ultraspin column (Millipore Ultracel 

YM-10) to remove small molecules like mycosporine-like amino acids (MAA), which were 

giving some absorbance at around 320 nm. The protein samples were then stored in the dark 

at 4ºC until further use.  

Polyacrylamide Gel Electrophoresis (PAGE)  

SDS-PAGE 

PAGE is an analytical technique most commonly used in the separation, screening and 

characterization of different types of proteins in a solution. The basic principle of the 

technique involves the use of acrylamide and bisacrylamide to form a gel-matrix composed 

of mesh-work of polyacrylamide chains. The concentration of acrylamide and the relative 

ratio of acrylamide to bisacrylamide determine the pore size of the gel which is then used for 

the separation of protein of varying molecular weights however this polymerization process 

is very slow and requires an intervention of a free radical. For this purpose ammonium 

persulfate (APS) is commonly used as a free radical. Polymerization is then further stabilizes 

with the help of N,N,N,N Tetra-Methyl Ethylene Diamine (TEMED) sub-optimal levels of 

free radicals reduce the polymer chain length. SDS-PAGE involves the use of sodium 

dodecyl sulfate (SDS), an amphipathic detergent for the degradation of proteins in order to 

produce a negative charge on them without breaking their covalent cross-linking. It is an 

anionic detergent that non-covalently binds to the proteins which when run on the acrylamide 

gel-matrix run towards the positively charged electrode (anode). SDS confers equal shapes 

and charge-to-mass ratio on all proteins which helps in the efficient determination of proteins 

through their molecular weights. 

Protein Sample Preparation and Electrophoresis 

Samples volumes of 20 µl of purified CPC and CPE from anion exchange chromatography 

were mixed with 10 µl of SDS-PAGE sample loading buffer (Table 2.66). The mixture was 

heated in a 95ºC water bath for 5 minutes. It was then cooled to room temperature. 

Polyacrylamide was prepared in two portions with different compositions. The lower portion 

(separating gel) comprised of 15% of gel whereas upper portion (stacking gel) comprised of 

5% gel.    
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Preparation of Separation Gel 

Separation gel was prepared in a clean glass 50 ml flask. For 10 ml reaction, 2.3 ml milli-Q 

water was added first followed by the addition of 5 ml acrylamide solution (Table 2.67), 2.5 

ml of separating gel buffer (Table 2.68) and 100 µl of 10% SDS solution (Table 2.69). The 

solution was mixed thoroughly and degassed in a side arm flask. Then 100 µl of 10% freshly 

prepared ammonium persulfate (Table 2.70) followed by 4 µl of TEMED were added in the 

mixture and immediately poured between the pre-assembled gel electrophoresis plates. After 

pouring the gel a thin layer of n-butanol was added at the top of the gel to make the surface 

smooth and prevent the air from entering the gel. The gel was then allowed to polymerize for 

an hour after which the water-saturated isobutanol was overlaid and the gel surface was 

rinsed (3 times) with distilled water. 

Preparation of Stacking Gel 

The upper 5% stacking gel was prepared in a separate clean glass flask. For 2 ml reaction, 1.4 

ml milli-Q water was added first followed by the addition of 330 µl acrylamide solution 

(Table 2.67), 250 µl of stacking gel buffer (Table 2.71) and 20 µl of 10% SDS solution 

(Table 2.69). The solution was mixed thoroughly and degassed in a side arm flask. Then 20 

µl of 10% freshly prepared ammonium persulfate (Table 2.70) followed by 2 µl of TEMED 

(N,N,N,N Tetra-Methyl Ethylene Diamine) were added in the mixture. The comb was 

immediately inserted between the plates before pouring the gel over the separation gel. The 

gel was allowed to polymerize for 30 minutes at room temperature after which the comb was 

removed and the wells were rinsed with tank running buffer (Table 2.72) 

Sample Loading and Electrophoresis 

The wells were marked according to the sample and the glass plates were fixed in the gel 

apparatus. The electrophoresis buffer (Table 2.72) was then poured into the gel tank until the 

gels were fully submerged. 10 µl of samples were loaded in the wells with the help of a fine 

syringe and the gel was run at constant current of 25 ampere at 80 volts. The current was 

switched off when tracking dye reached at the marked line at the bottom of the gel.  

Silver Staining 

To analyze the proteins on the polyacrylamide gel, silver staining was done. The gel was 

gently removed between the plates and was fixed by placing it in the fixing solution A (Table 
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2.73) with constant rocking at low speed for 1 hour. The solution was discarded and then 

washed three times with solution B (Table 2.74) for 20 minutes each time. Next the gel was 

treated with solution C (Table 2.75) for no more than 1 minute as prolong treatment could 

ruin the gel. After discarding the solution the gel was washed three times with distilled water 

for 20 seconds each time. Next, the staining of the gel was done with solution D (Table 2.76) 

for 30 minutes in complete darkness. The solution was discarded and washed three times with 

distilled water for 20 seconds each time. The gel was then developed with solution E (Table 

2.77) for 10 minutes to 2 hours in the dark. The developing process was stopped by the 

addition of solution F (Table 2.78) for 20 minutes. The solution was discarded and the gel 

was washed with distilled water for 10 minutes. Two transparency sheets were cut and made 

wet with water and the gel was placed between the sheets and allowed to dry overnight. 

NATIVE-PAGE 

The NATIVE-PAGE is similar to SDS-PAGE except it does not include a denaturing agent 

like SDS or heat treatment to denature the proteins. This is particularly the case when there is 

a need to identify a protein in the gel by its biological activity or the purity of a protein in a 

sample.  

Protein Sample Preparation and Electrophoresis 

A 20 µl of purified CPC and CPE from anion exchange chromatography were mixed with 10 

µl of NATIVE-PAGE sample loading buffer (Table 2.79). The solution was mixed 

thoroughly. Polyacrylamide was prepared in two portions with different compositions. The 

lower portion (separating gel) comprised of 8% of gel whereas upper portion (stacking gel) 

comprised of 5% gel. 

Preparation of Separation Gel 

Separation gel was prepared in a clean glass 50 ml flask. For 10 ml reaction, 4.6 ml milli-Q  

water was added first followed by the addition of 2.7 ml acrylamide solution (Table 2.67) and 

2.5 ml of separating gel buffer (Table 2.68). The solution was mixed thoroughly and 

degassed in a side arm flask. Then 100 µl of 10% freshly prepared ammonium persulfate 

(Table 2.70) followed by 4 µl of TEMED (N,N,N,N Tetra-Methyl Ethylene Diamine ) were 

added in the mixture and immediately poured between the pre-assembled gel electrophoresis 

plates. After pouring the gel a thin layer of n-butanol was added at the top of the gel to make 
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the surface smooth and prevent the air from entering the gel. The gel was then allowed to 

polymerize for an hour after which the gel surface was rinsed (3 times) with distilled water to 

remove n-butanol layer. 

Preparation of Stacking Gel 

The upper 5% stacking gel was prepared in a separate clean glass flask. For 2 ml reaction, 1.4 

ml milli-Q water was added first followed by the addition of 330 µl acrylamide solution 

(Table 2.67) and 250 µl of stacking gel buffer (Table 2.71). The solution was mixed 

thoroughly and degassed in a side arm flask. Then 20 µl of 10% freshly prepared ammonium 

persulfate (Table 2.70) followed by 2 µl of TEMED (N,N,N,N Tetra-Methyl Ethylene 

Diamine ) were added in the mixture. The comb was immediately inserted between the plates 

before pouring the gel over the separation gel. The gel was allowed to polymerize for 30 

minutes at room temperature after which the comb was removed and the wells were rinsed 

with tank buffer (Table 2.80). 

Sample Loading and Electrophoresis 

The wells were marked according to the sample and the glass plates were fixed in the gel 

apparatus. The electrophoresis buffer (Table 2.80) was then poured into the gel tank until the 

gels were fully submerged. 0.01 ml of sample was the loaded in the wells with the help of a 

fine syringe and the gel was run at constant current of 25 ampere at 80 volts. The current was 

switched off when tracking dye reached at the marked line at the bottom of the gel. The 

staining of the gel was done with silver nitrate as described previously.  

Zinc Staining 

To visualize the enhanced fluorescence of CPC and CPE, Native and SDS-PAGE replicate 

gels were prepared as described earlier and stained with zinc acetate solution (Table 2.81) 

instead of performing silver staining. The fluorescent bands of proteins were then analyzed 

under UV light. 

Human Cell Culture (Cancer Cells and Normal Lymphocytes) 

Isolation and Culturing of Normal Human Lymphocytes (Boyum, 1976) 

To isolate lymphocytes, a 3ml blood was drawn aseptically from a young, healthy and willing 

donor in a heparin coated vacutainer. The blood was gently mixed with the heparin, coating 
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the vacutainer, thoroughly. Prior to the isolation of lymphocytes, the media and solutions 

were allowed to get warm at 37ºC. After that lymphocyte separation medium (LSM) was 

thoroughly mixed by gently inverting the bottle several times (Table 2.82). Aseptically, 3 ml 

of LSM was transferred to a 15 ml sterile centrifuge tube. In another clean centrifuge tube 3 

ml of heparinized blood was diluted with 3ml of PBS in a 1:1 ratio. The diluted blood of 6ml 

volume was then carefully layered on top of the LSM creating a sharp blood-LSM interphase. 

The tubes were then centrifuged at 400xg at room temperature for 30 minutes. After that the 

top layer of plasma within 2-3mm above the lymphocytes layer was transferred to a clean 

sterile tube for the blood screening against possible HIV, HBV and HCV infection. The 

blood was discarded in 20% bleach if found positive for these infections. In a normal healthy 

blood the lymphocyte layer was then diluted with Hank’s Balanced Salt Solution (HBSS) (~ 

3 volumes) in a new tube and then centrifuged for 10 minutes at room temperature at a speed 

sufficient to sediment the cells without damage (160-260xg). The lymphocytes were again 

washed with HBSS and then resuspended in complete RPMI 1640 medium (Table 2.83) 

supplemented with phytohaemagglutinin-M (PHA-M) for the stimulation of proliferation of 

lymphocytes. 

Cell Counting and Viability 

After isolation of lymphocytes a small amount was transferred to a clean sterile eppendorf. 

Two droplets (0.01 ml) of trypan blue were placed on a piece of parafilm. After that 4X  

dilution was prepared by mixing 0.01 ml of cells with 0.01 ml of trypan blue (DF= 4). The 

small volume of trypan blue/cell suspension was then transferred to a clean hemocytometer 

and the cells were counted under the light microscope at 10X. The cells both viable and non-

viable were counted in four corner squares. Then the following formula was used to calculate 

the number of viable cells: 

Concentration (cells/ml) =    Number of cells x 104 x 4 

                            4 

 

       Percentage Viability       =   Number of viable cells   x 100 

                                        Total number of cells 

 

Culturing of MCF-7 and MDA-MB-231 Breast Cancer Cell Lines       

To culture cancer MCF-7 and MDA-MB-231 breast cancer cell lines were purchased from 

Sigma-Aldrich. The RPMI 1640 media (Table 2.82), PBS and trypsin/EDTA solution were 
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allowed to warm at 37ºC water bath. The media from T75 flask, containing the 80% 

confluent cancer cells was then poured into a waste beaker with solubilized Presept tablet. 

The attached cells were then washed with 5 ml of PBS and then discarded in the waste 

beaker. After that 3 ml of trypsin/EDTA solution was added to the attached cells and was 

then incubated for 1-2 minutes at 37ºC. The flask was tapped several times to dislodge the 

cells and the 7 ml of RPMI media was added and mixed by pipetting up and down. The cells 

were then transferred to a new centrifuge tube, balanced and spin for 3-4 minutes at 400 xg. 

The supernatant was discarded and the cells were resuspended in the fresh 3ml media. 

Before culturing, the cells were counted to estimate the number of cells needed to seed the 

media. For that matter 0.5 ml of harvested cells were counted with automated cell counter 

(Vi-cell, Beckman Coulter).  

                                  The cell count = Total number of viable cells x 106 ml-1 

After that 18 ml of warm fresh media was added to a new T75 flask and the cells were 

seeded according to number of days passaged: 

Example: T75:           Monday to Thursday/3 days/0.8x106 cells. That is 1 in 8 

                                   Thursday to Monday/4 days/0.4x106 cells. That is 1 in 10 

                                   Thursday to Tuesday/5 days/0.2x106 cells. That is 1 in 12 

MTS Cell Viability and Cytotoxicity Assays 

MTS assay is a homogeneous, colorimetric assay which is used to determine the number of 

viable proliferating cells. This assay can also be used in cytotoxicity or chemosensitivity 

assays. MTS reagent (Table 2.84) is a modified tetrazolium compound [3-(4,5  

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] 

coupled with PMS (phenazine methosulfate). It is an electron coupling reagent similar to 

MTT assay except the formation of soluble formazan instead of insoluble one and thus 

referred to as one step MTT assay. The concentration of formazan product formed by the 

living cells can be measured directly at absorbance of 490 nm without the additional step of 

adding DMSO to solubilize the formazan. The MTS is converted to soluble formazan in the 

mitochondria of a metabolically active cell by succinate dehydrogenase. The amount of 

formazan produce is directly related with viability of the proliferating cells.  

In order to determine cytotoxicity of the cyanobacterial extracts or isolated compounds in 

against cancer cells, MTS cell viability assay was performed. Briefly, 100 µl of MCF-7 and 
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MDA-MB-231 cell-lines were suspended in fresh RPMI medium and were seeded at a cell 

density of 5 x 106, 5000 cells/well in a 96-well flat bottom sterile plate (Nunc). After that 10 

µl of various concentrations of cyanobacterial extracts, isolated compounds, positive and 

vehicle controls were then added in the wells. Three wells containing only media were used 

as blanks and three wells containing cells and media were used as control cell survival. The 

plates were incubated at 37ºC for 24-72 hours. Then 10 µl of MTS reagent was added and 

then incubated for 4 hours in the dark. The absorbance of the soluble formazan crystals was 

recorded at 470 nm with a micro-titer plate reader. The percentage cell viability was 

calculated by the following equation: 

                                         % Cell Viability = (ODt ‒ ODb) x 100 

                                                                       (ODc ‒ ODb)   

Where,  

ODt= optical density of treated cells with test sample  

ODb= optical density of blank  

ODc= optical density of controls (positive and vehicle). 

Clonogenic Assay   

Clonogenic cell survival assay was firstly described by Puck and Marcus at the University of 

Colorado in 1955 for the study of radiation effects on cancer cells. Many strategies have been 

proposed for cell death. However, actual loss of reproduction and the ability to proliferate 

indefinitely are two important aspects which are crucial for the confirmation of cell death 

study. So according to this proposal, a cell that continues its ability to synthesize DNA and 

proteins by one or two mitotic events but is unable to divide and produce large numbers of 

progeny is considered dead. This phenomenon is commonly known as reproductive death. On 

the other hand, if a cell retains its ability to proliferate indefinitely and has the ability to 

produce large numbers of progeny, then it is referred to as clonogenic. A cell survival curve 

describes a relationship between the insult-causing agents and the ratio of cells that survive.     

In order to confirm the antitumor potential of cyanobacterial extracts and isolated 

compounds, MTS assay as previously described was first done and then later confirmed by 

the clonogenic assay. 

A series of cultures were prepared in T25 flasks, three for each five effective concentrations 

of cyanobacterial extracts and isolated compounds, previously determined with MTS assay. 
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Cancer cells were then seeded at a cell density of 5 x 104 cells ml-1 in 4.5 ml of RPMI media. 

The cells were then incubated for 24 hours by which time cultures would progress into log 

phase. 0.5 ml of various pre-determined concentrations of cyanobacterial extracts and 

isolated compounds were then added to each of three flasks for each concentration starting 

from control medium and progressing from lowest to highest concentration. The cultures 

were incubated for 24 hours. The cells were harvested and counted. Then 100 µl of cell 

suspension was seeded into the six-well sterile plates at a cell density of 7 x 102 cells/ml (75 

cells/ well). The cells were incubated for 1-3 weeks until colonies appear. The colonies were 

then fixed with methylene blue staining solution (Table 2.85) for an hour. The plates were 

then washed with tap water, drained and then air dried. The colonies were counted with >50 

cells (>5 doublings).   

DNA Nicking and Protection Assay (Lee et al., 2002) 

The conformation of plasmid DNA molecule is very important to study the effects of 

genotoxic and chemopreventive substances. The plasmid DNA molecule in vivo is usually 

present in a supercoiled conformation. This topology of plasmid DNA is achieved by the  

enzymes topoisomerases like DNA Gyrase (a type II topoisomerase). These enzymes either 

add (positive) or subtract (negative) the twists in the double helix of DNA molecule. When 

the DNA has to replicate these enzymes introduce a nick in one of the strands of the DNA 

and relaxes it enabling the polymerases to gain access to the DNA. When these enzymes nick 

both strands of the DNA, a linear topology is produced. Similarly, if during alkaline lysis, the 

hydrogen bonding between the DNA nitrogenous bases is disrupted; the covalently-bonded 

circular DNA remains intact, leading to a single circular plasmid. These bands if run on a gel 

give a specific pattern which gives evidence of the conformation of DNA molecule. The 

DNA molecule runs the slowest on the gel if the nick is produced on one of the strands of the 

DNA since it occupies a lot of space in the gel matrix. A single stranded plasmid DNA runs 

fastest and migrates ahead of all the other types of plasmid DNA conformations. The native 

supercoiled (SC) DNA also runs fast due to its tightly packed conformation. The linear 

plasmid DNA (LD) runs between supercoiled and nicked plasmid DNA (ND). However, it 

can also migrate in similar way to nicked plasmid. So its migration can be predicted on the 

basis of length of the DNA molecule. Therefore the DNA damage can be classified into 

linearized DNA (with double-strand breaks), open circle nicked DNA (with single-strand 
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break), fragmented DNA (with multiple strand breaks) and supercoiled DNA with no breaks 

or damage.   

The preliminary screening of genotoxicity of cyanobacterial extracts and chemoprevention of 

isolated and purified cyanobacterial proteins CPC and CPE was investigated.  DNA nicking 

assay based on Fenton reactions mimics the in vivo biological system where the intracellular 

iron atoms in blood produce extremely reactive hydroxyl free radicals during endogenous 

metabolism. Fenton type reactions were described some 100 years ago where H2O2 is broken 

down to •OH by transferring of electron from iron. Due to the production of •OH free 

radicals, the native supercoiled conformation of plasmid DNA changes to open circle and 

nicked linear forms that is shown by altered electrophoretic mobility on the gel. In DNA 

nicking assay, highest non-cytotoxic concentrations of the cyanobacterial extracts and 0.15 

µg ml-1 positive control doxorubicin were reacted with pUC18 plasmid DNA (2.75 µg) for 3 

hours in a total reaction volume of 15 µl adjusted with sterile nuclease free water.   

For DNA protection assay pUC18 plasmid DNA (2.75 µg) was reacted with CPC and CPE at 

increasing concentrations along with positive control vitamin-C (1 mM) for 10 minutes at  

room temperature, after which freshly prepared Fenton’s reagent (Table 2.86) was added 

slowly to the mixture to introduce DNA damage by producing hydroxyl radicals. The final 

volume was then adjusted to 15µl with sterile nuclease free water. The solution was 

incubated for 30 minutes at 37ºC in the dark after which the reaction was terminated by the 

addition of 5 µl of 6X loading dye (Table 2.16). The electrophoresis was done in 0.5X TBE 

buffer at 90V for 1 hour. Plasmid DNA stained with ethidium bromide (Table 2.17) was then 

visualized under UV light using Gel Doc (Syngene). 

Alkaline Comet Assay (Singh et al., 1988)  

Comet assay also known as single cell gel electrophoresis was earlier devised by Ostling and 

Johansson (1984) which was later modified by Singh et al., (1988). It is a sensitive technique 

that detects various kinds of DNA damaging effects in a eukaryotic cell. This technique is 

considered as a standard for the evaluation of genotoxicity testing. The name comet assay is a 

metaphor adopted from astronomy as the resultant DNA damage image looks very much like 

a comet with a distinct head consisting of an intact DNA as a nuclei and a tail which contains 

the damaged DNA content. The amount of DNA seeped out of the nuclei is directly 

proportional to the potency of the genotoxic agent (Singh et al., 1988). Highly genotoxic 
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agents produce specific kinds of comets known as “cloud comets” or “hedgehog comets” in 

which very little amount of DNA remains in the nuclei. The basic principle is the use of low-

melting point agarose gel to encapsulate the cells with their subsequent lysis under neutral or 

alkaline (pH>13) solutions and finally electrophoresis of under low temperature and current. 

There are various forms of comet assays however two are the most routinely used versions; 

the neutral and alkaline comet assay. The neutral comet assay generally helps in the detection 

of DNA with double-strand breaks and cross-linkages whereas alkaline lysis expose alkali 

labile sites that helps in the detection of single and double-strand breaks along with cross-

linkages and incomplete excision repairs. 

Protocol of Comet Assay 

Cell Treatments 

Microscopic glass slides were degreased with absolute acetone and then evenly coated with 

1% normal melting agarose (Table 2.87) with a help of a syringe. The coated slides were then 

allowed to dry in a low humidity chamber and then stored in closed containers at 4ºC until 

use. Cyanobacterial extracts with varying non-cytotoxic concentrations were added to freshly 

isolated lymphocytes from heparinized whole blood of healthy donor. The lymphocytes were 

stimulated with 1.5% PHA-M for 24 hours after which they were treated with increasing 

concentrations of extracts according to the following exposure time regimes adapted from 

Leite-Silva et al. (2007) for 24 hours.  

Pre-treatment 

In this treatment, cells were treated with increasing concentrations of CPC and CPE for 2 

hours before addition of doxorubicin for a total incubation period of 24 hours. 

Simultaneous treatment  

In this treatment set, purified CPC and CPE and doxorubicin were simultaneously added and 

incubated for 24 hours. 

Post-treatment 

In this treatment set, CPC and CPE were added 2 hours after the addition of 0.15 µg ml-1 

doxorubicin for a total incubation period of 24 hours. Negative control cultures were without 

extracts or doxorubicin. Positive control culture was treated only with doxorubicin and 

vehicle control culture consisted of 0.2% DMSO. CPC and CPE at final concentrations of 10, 

25 and 50 µg ml-1 were also studied by adding those 24 hours after PHA stimulation without 
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the addition of DOX. The comet assay was performed 48 hours after PHA stimulation.  At 

the end of the incubation, the cells were scraped off with a sterile cell scraper and then 

harvested at 1000 xg for 7 minutes. For each slide approximately 1 x 104 cells were washed in 

1ml PBS in an eppendorf tube and centrifuged at 1000 xg for 3 minutes. After this the 

supernatants were removed carefully with a pipettor. 

Cell Lysis 

The harvested cells were mixed with micro-syringe to separate cells in the small amount of 

liquid remaining. After that 70 µl of 0.8% low melting agarose was added to the cell pallet. 

The cells were pipetted up and down to mix the contents. The embedded cells in agarose 

were then spotted on the pre-coated slides, covered with 22 x 22 mm coverslip and incubated 

at 4ºC for 5 minutes. The cover slips were removed from the prepared slides and then they 

were slowly submerged in the lysis solution (Table 2.88) pre-chilled to 4ºC. The slides were 

incubated in the lysis solution for 24 hours in the dark at 4ºC. 

Alkaline Treatment and Electrophoresis 

The slides were removed from the lysis solution and transferred to the horizontal opaque gel 

electrophoresis tank platform which contained pre-chilled electrophoresis buffer (Table 2.89). 

The slides were incubated for 40 minutes at 4ºC before beginning the electrophoresis. The 

electrophoresis gel tank was placed in a 4ºC incubator. The gel was then run at 25 V for 20 

minutes. The current was set to 300 mA by adjusting the level of electrophoretic buffer. 

Neutralization and Staining 

The slides were removed from the tank after 20 minutes and then washed three times with 

pre-chilled neutralization buffer (Table 2.90) in a staining tray for 5 minutes each time at 4ºC. 

After that cells were fixed in absolute ethanol. The aqueous ethidium bromide solution (Table 

2.91) was spotted on the slides which were incubated in sealed containers in the dark for 1 

hour at 4ºC. 

Quantitation and Data Analysis  

Using a fluorescent microscope, live images were captured with a CCD camera attached to it 

and then analyzed with comet assay software CometScore™ 16. Percentage DNA in the tail 

for 50 comets was scored at random from each slide and their means were calculated. The 

comets on the edge of the gel were avoided as well as the ghost comets which did not have 

any DNA remained in the head as the software wasn’t able to calculate them. Data was 

represented as mean ± SEM of three independent experiments. Significant difference, p < 
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0.05 was calculated with Dunnett’s multiple comparison test by applying one-way ANOVA 

when the treatment group was compared with the vehicle control (VC) in case of genotoxic 

study and positive control (DOX) in case of chemoprevention study with the help of GrapPad 

PrismTM version 5.  

 

Chromosomal Aberration Assay 

The mammalian chromosomal aberration assay was used to investigate the potential 

clastogenic hazards of AMC extracts of isolated cyanobacterial strains. The basic principle of 

the chromosomal aberration assay involves mammalian cell cultures which are treated with 

the test sample which is then removed and the cultures are treated with metaphase-arresting 

agents e.g. Colcemid or Colchicine for 30 minutes. The cells are then harvested, stained and 

analyzed under microscope for any kind of abnormalities in the otherwise normal 

chromosomal patterns. Of course, careful selection of mammalian cells is important. The best 

choice is the use of normal human lymphocytes as opposed to cancer cell lines. This is 

because normal lymphocytes do not usually divide in in vitro except when stimulated with a 

mitogen like phytohaemagglutinin-M. Cancer cell lines are not advisable to use for this 

purpose as their genomes are very susceptible to mutations and can give false positive results.  

To perform the chromosomal aberration assay, days were divided: 

Day-1 Culture Initiation 

Isolated lymphocytes were seeded at a density of 1 x 106 cells ml-1 in the T25 flask containing 

8ml RPMI 1640 media supplemented with 2% PHA-M to stimulate lymphocytes cell 

division. The cultures were then incubated at 37ºC in the presence of 5% CO2 for 24 hours. 

At this stage cells were mostly in G0 of cell cycle.  

Day-2 Dosing Formulations  

On the second day cultures were observed under inverted microscope. They were then 

exposed to 0.5 ml of highest non-cytotoxic concentrations of cyanobacterial extracts and 0.15 

µg ml-1 of positive control DOX (Table 2.92) for 24 hours. To study the chemopreventive 

activities of purified CPC and CPE the time was marked as 0 hours at the start of culture 

initiation where various cell treatments were applied as described for comet assay. 

After exposure for 24 hours, the dosing formulations were removed by harvesting the cells 

with trypsin/EDTA. The cells were then centrifuged at 1000 xg for 7 minutes. The 

supernatant was discarded and the cells were washed twice with PBS. The washed cells were 
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then resuspended in fresh 10 ml RPMI media. The cultures were incubated for further 24 

hours as some drugs like DOX arrests the G2/M phase and delays the cell cycle. 

Day-3 Metaphase Arrest 

At this stage the cells were in their S-phase of cell cycle since 0 hours. When chromosomes 

are condensed, they can be seen as discrete entities during metaphase. At this point 

percentage mitotic index (MI) was recorded for 2000 cells using the following formula: 

 

% Mitotic Index (MI) = Number of mitotic cells  x 100 

                          Total number of cells 

These cells were then arrested at this stage by adding 200 µl of 0.1 µg ml-1 colcemid (Table 

2.93). The incubation was then continued on for 1 hour. After this the cultures were harvested 

by centrifugation at 1000 xg for 7 minutes. The cell pallets were then gradually redissolved in 

in 4 ml warm KCl solution while tapping the tube constantly (Table 2.94). The cells were 

allowed to swell at 37ºC for approximately 15 minutes. After that they were fixed in 6 ml of 

chilled fixating solution (Table 2.95). The cell suspensions were centrifuged at 1000 xg for 7 

minutes and after discarding the supernatants, the cells were again resuspended in fresh pre-

chilled fixating solution slowly while constantly tapping the tube. The lymphocytes were 

then incubated at -20ºC overnight to ensure adequate fixation.  

Day-4 Preparation of Metaphase spreads 

After fixation the cells were centrifuged and the cell pallets were resuspended in minimum 

amount of fixative. Two drops of milky white cell suspensions were then dropped from 4 

inches on clean microscope slides by tilting them at °45 angle. After cells were dried, they 

were stained with 4% giemsa solution (Table 2.96) for 10-15 minutes. The slides were gently 

rinsed, dried and were observed under 40X light microscope and then under 100X oil 

immersion. Chromosomes were then analyzed by taking images of 400 cells per treatment 

(1200 cells per sample) with a CCD camera attached with the microscope and then analyzed 

for any abnormalities with integrated software MacKtype™ 5.6.  

Analysis of Chromosomal Aberrations 

Chromosomal aberrations are classified as chromatid-type and chromosomal-type 

aberrations. Aberrations that are induced in G0/G1-phase which when replicated during S-

phase, eventually give rise to “chromosome-type” aberrations that affect both sister-

chromatids. On the other hand, when aberrations arise in S- or G2-phase with cells containing 
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damaged replicated DNA that affect only one of the sister-chromatids are known as 

“chromatid-type” aberrations (Savage, 2000). Chromosomal and chromatid-type aberrations 

are further classified into simple and complex types (Figure 2.1). In chromosomal-aberrations 

a simple type includes; chromosome gaps (sg) where an achromatic part occurs in both 

chromatids at the same locus with no misalignment and chromosome breaks (sb) which 

consists of discontinuity at the same locus in both chromatids giving one acentric fragment 

which maybe misaligned and a shortened monocentric chromosome and no sister-chromatid 

union. The complex type includes; dicentric (d) with an asymmetrical exchange between two 

chromosomes resulting in a chromosome with two centromeres with or without an 

accompanying acentric fragment, ring (r) with inter-arm intrachange leading to formation of a 

centric ring and double minutes (dm) with intra-arm intrachanges leading to tight acentric 

paired rings. Chromatid-type aberrations also include simple and complex types. Simple type 

includes; chromatid gaps (tg) with an achromatic region occurring along the length of a 

chromatid with no misalignment, chromatid breaks (tb) with a discontinuity along the length 

of a two chromatids with misalignment and isochromatid break (isb) with a discontinuity in 

both chromatids at the same locus presenting complete sister-chromatid union at both the 

broken ends or incomplete rejoining only at one of the two broken ends. The complex type 

include; quadradial (qr) with chromatid interchanges between chromosomes leading to four-

armed configurations, triradial (tr) with isochromatid-chromatid exchanges leading to 

formation of three-armed configuration, interstitial deletion (id) with intra-arm intra-changes 

resulting in deletion of small fragments which stay in association with parent chromatid, 

chromatid intra-change (ci) with exchange between arms of the same chromosome resulting 

in asymmetrical rings or symmetrical configurations and complex interchanges (cr) with 

multi-armed configurations resulting from breakage and reunion of two or more 

chromosome. (Savage, 2000). There are other types of aberrations as well which do not fall 

into either category such as; pulverized chromosomes (pu) with shattering of chromatids 

resulting in several small pieces, severely damaged cell (sd) cells with ten or more 

aberrations, polyploid cells (pp) with metaphases having multiple haploid set of 

chromosomes and endo-reduplication (e) with metaphases having paired duplicated 

chromosomes. These structural chromosome and chromatid-type aberrations can then sorted 

into six major and two minor categories based on ISCN classification (ISCN, 2013) which 

include chromatid gaps, chromatid breaks (single minutes), chromatid exchange (simple and  
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Figure 2.1:   Chromosomal and Chromatid-type Aberrations (Savage, 2000). 

 



Materials and Methods Chapter 02 

 

78 
 

complex), chromosome gaps, chromosome breaks (double minutes), chromosome exchange, 

pulverization and multiple aberrations. 

Competitive ELISA 8-OHdG DNA Damage Marker Study 

The 8-OHdG DNA damage marker was assayed using GENOX New 8-OHdG Check ELISA 

Kit which is used for the in vitro analysis of 8hydroxy2’deoxyguanosine (8OHdG) DNA 

lesion formed as a result of high oxidative stress. This assay is based on the competition 

between 8-OHdG and clone N45.1 monoclonal antibody, against oxidative stress induced 

DNA. This antibody is highly specific for oxidative lesions of DNA and hence does not bind 

with RNA lesions. When there is a higher amount of 8-OHdG DNA lesions in standards or 

treated cells, this specific antibody get less chance of binding with the pre-coated 8-OHdG 

product on the ELISA plate. After that an enzyme-labeled Horseradish peroxidase (HPR) 

conjugated anti-mouse IgG antibody is then added to the plate which reacts with the antibody 

previously bound with the coated 8-OHdG product. After the addition of a substrate reagent, 

a color product is formed which correlates with the concertation of 8-OHdG lesions present 

DNA of the damaged cells. The reaction is terminated by phosphoric acid and absorbance of 

yellow to colorless solution is then read at 450 nm which correlates with the concertation of 

8-OHdG lesions produced in damaged cells. 

8-OHdG DNA Damage lesions produced by Cyanobacterial extracts. 

In order to study the amount of 8-OHdG produced by cultured lymphocytes treated with 

cyanobacterial extracts along with positive, vehicle and negative control, isolated 

lymphocytes were stimulated with 2% PHA-M for 24 hours after which highest amount of 

non-cytotoxic concentrations of cyanobacterial extracts were added in the media. Aftee that 

0.15 µg ml-1 of doxorubicin was added as a positive control whereas 0.2% DMSO was used 

as a vehicle control. No treatment was given in the negative control. After 24 hours the 

treatments were removed and the cells were allowed to grow for another 24 hours. The cells 

were then centrifuged at 1000 xg. 

Amelioration of DOX induced 8-OHdG DNA Damage by purified CPC and CPE       

To study the chemopreventive potential of CPC and CPE in reducing the amount of 8-OHdG 

DNA damage marker produced by DOX, lymphocytes were stimulated with 2% PHA for 24 

hours after which three treatments of CPC and CPE were applied for 24 hours which 
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included; pre, simultaneous and post treatment as described previously for comet and 

chromosomal aberration assay. Lymphocytes were also treated with CPC and CPE without 

DOX treatment. DOX with final concentration of 0.15 µg ml-1 was used as a positive control 

whereas negative control was without any treatments. After 24 hours the treatments were 

removed and the cells were allowed to grow for another 24 hours. The cells were then 

centrifuged at 1000 xg. 

Sample pre-treatment  

In order to study production of 8-OHdG marker in cultured lymphocytes, it was pre-requisite 

to extract, digest, and ultra-filtrate the DNA of the treated lymphocytes before applying to the 

ELISA plate.  

Extraction of DNA from cells. 

DNA was extracted from cultured lymphocytes with DNA extraction kit (Qiagen) according 

to manufacturer’s manual. DNA was then diluted to 20-50 µg ml-1 with sterile nuclease free 

water and quantified with Nano drop (ELISA Plate reader). The purity of DNA samples were 

also assessed by the absorbance ratio of 260/230 nm.  

Enzymatic Digestion of DNA. 

DNA was digested prior to application on ELISA plates. Extracted DNA was dissolved in 

135 µl of nuclease free water. 15 µl of 200 mM sodium acetate buffer was mixed with 15 µl 

of 1 mg ml-1 of nuclease P1 and then added to the DNA mix. The reaction was incubated for 

30 minutes to 1 hour at 37°C. After that 15 µl of 1M Tris-HCl buffer pH 7.4 and 7 µl (2 

units) of alkaline phosphatase were added and again incubated for 30 minutes to 1 hour at 

37°C. To remove enzymes and other macromolecules, the hydrolysates were ultra-filterated 

with Millipore Microcon YM-10 at 14000 xg for 10 minutes. After that 50 µl of digested 

DNA was applied to ELISA kit. 

Quantification of 8-OHdG Marker  

The quantification of 8-OHdG was done by plotting standard curve of the known 8-OHdG 

concentrations provided in the kit. The regression equation obtained from the graph was then 

used to quantify the concentrations obtained from taking absorbance of sample treatments. 

The experiments included three technical replicates for each treatment and standard (n=3) 

and data was expressed as mean ± SEM of three independent experiments 
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Non-targeted Metabolome Fingerprinting with GC-MS 

Metabolomics represents the isolation, quantification and identification of all the metabolites 

involved in biochemical pathways of a cell in a given time. The non-targeted approach in 

metabolomics involves profiling of as many metabolites as possible. The need to introduce 

the field of metabolomics comes from the fact that mRNA gene expression and proteomics 

do not give a biochemical snapshot of a cell. The principle of metabolomics is to halt the 

biochemical processes going on in the cell in a given time under specific physiological 

conditions. Metabolites can then be analyzed with various techniques. The current technique 

involves gas chromatography linked with mass spectrometry. 

Cyanobacterial Growth and Culture Condition  

Selected cyanobacterial species giving maximum bioactivity were grown for 40 days in an 

Infors HT Multitron shaking incubator under continuous light of 40 uE m-2 s-1 at 24oC and 56 

rpm. 

Sample Preparation and Quenching 

At the end of incubation cyanobacterial filamentous biomass was harvested by filtering 

through a metallic sieve whereas a little amount of homogenized unicellular cultures was 

transferred in another clean tube. After that immediately, 0.1 g of filamentous biomass and 5 

ml of unicellular culture were immersed into previously chilled quenching solution (Table 

2.97). After that quenched cyanobacterial biomass was centrifuged for 2 minutes at -9 ºC 

with a rotor speed of 25000 xg. Immediately the cell pallets were frozen with liquid nitrogen 

and stored at -80°C for further procedures. This whole procedure was performed in a low 

temperature (4°C) room in order to slow down the metabolic processes as much as possible.      

Extraction of Metabolites 

The metabolites of the cyanobacterial strains were extracted with method described by Krall 

et al., (2009) with slight modifications. The frozen biomass was homogenized in 1.2 mL of 

chilled AMC solvent mixture (acetone: 2% acidified methanol: chloroform in a 10:8:6 ratio). 

After that they were ultra-sonicated (Branson Sonifier 450, duty cycle 50%, noise 40 times x 

15 cycles) on ice-bath for 15 minutes. Cells were five times agitated on ice for 30 seconds 

with 1 minute break.  Then cell extracts were then vortexed at 4 °C for 2 hours after which 

0.2 ml chloroform was added. This step was again followed by sample agitation at 37 °C for 
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5 minutes after which 0.4 ml of water was added.  The mixture was centrifuged at 15000 xg 

for 2 minutes and the upper polar aqueous phase was taken out transferred carefully in a new 

tube. On the other hand, the non-polar layer was also transferred to a new tube. Both tubes 

were again centrifuged at high speed of 15,000 xg for 5 minutes in order to remove the cell 

debris. After that both polar and non-polar phase extracts were vacummed dried and stored at 

-80 ºC for further procedures.   

Derivatization of Metabolites   

The metabolites of cyanobacteria were then derivatized in order them more volatile for GC-

MS analysis. For that matter, a procedure described by Lee and Fiehn, (2008) was adopted. 

Briefly, 30 µl of methoxyamine hydrochloride solution (Table 2.98) was carefully poured in 

tubes containing vacummed dried polar and non-polar phase extracts. The extracts were 

agitated at 30 ºC for 90 minutes. This step was performed in order to protect the aldehyde and 

ketone groups of the metabolites. The derivatization of acidic protons was done with 

trimethylsilylation by the addition of 30 µl of MSTFA solution (Table 2.99). The samples 

were again agitated for 90 minutes at 37 ºC. After that 5 ml of the derivatized ribitol (Table 

2.100) was spiked to each fraction before injecting it into GC-MS as an external standard. A 

retention index reagent was also added for the chromatographic alignment before starting the 

GC-MS analysis.  

GC-MS Analysis 

The metabolite fingerprint data was obtained on a GC-MS TRACE DSQ (Thermo Scientific) 

processing in EI mode coupled with a TRACE TR-5MS capillary column (30 m x 0.25 mm x 

0.25 µm). After that 1 µl of derivatized cyanobacterial metabolite samples were loaded with 

split-less mode injection at 230 °C whereas temperature of transfer line was regulated at 250 

°C. The GC was processed at a constant helium flow of 1 ml/minute. The automated 

temperature controlling process was started at 80 ºC for 6 minutes followed by temperature 

stilting at 6°C/minute which finally reached at a temperature of 290 °C. After this the 

temperature was kept constant for 5 minutes at 310 °C. The metabolite data was acquired on 

a DSQ-MS platform with molecular mass ranging from 50 to 650.  
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Data Analysis 

The fragment ions obtained with GC-MS metabolite data was firstly deconvoluted with 

AMDIS as these ions could be shared between two co-eluting metabolites. The deconvolution 

parameters included:  high resolution, high sensitivity, medium shape requirement and 

component width of 12 (ratified with standard solutions of 12 known metabolites). The match 

factor was adjusted at 60 for the identification of metabolites after which the results were 

produced in MS excel format. Only first hit was exported where metabolites found in two 

replicates were considered true hits. Data was collected manually for retention time, m/z 

value for quantification and peak area.   
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CHAPTER: 03 

ISOLATION AND CHARACTERIZATION OF 

CYANOBACTERIAL STRAINS 

Cyanobacteria can be found inhabiting almost every aquatic and terrestrial ecosystem 

since an adequate amount of light and water is all they need for sustenance. These 

prokaryotes are morphologically the most diverse with unicellular to multicellular 

growth forms with varying levels of reversible and terminal cell differentiation patterns 

(Schirrmeister et al., 2013). The ability of cyanobacteria to adapt efficiently in different 

habitats comes from the fact that they produce pigments, enzymes and metabolites 

(primary and secondary) which make them able to withstand varying environmental and 

physiological conditions (Beraldi-Campesi, 2013). The visible signs of cyanobacteria in 

aquatic ecosystem can be monitored when they form extensive blue-green blooms or 

scum on the surface of a water body. The formation of blooms by cyanobacteria is a 

natural phenomenon but its frequency, intensity and duration can increase due to high 

levels of nutrients in the water like nitrogen and phosphorus (Mur et al., 1999). These 

blooms look like thick mats, gelatinous scums or oily screens depending on the 

abundance of cyanobacterial species involve in its production. In this situation 

cyanobacteria can rapidly proliferate and cause eutrophication in extreme cases. 

Furthermore, these blooms can become extremely toxic at some point rendering the 

water body inconsumable for humans and animals alike.  

To study the harmful and beneficial aspects of various genera of cyanobacteria, their 

isolation and purification are necessary since cyanobacterial samples from environment 

are often accompanied by various other organisms from different phylums altogether. 

This is because cyanobacteria are primary producers and have crucial role in the 

biogeochemical carbon and nitrogen cycles of the earth. They held special importance in 

the microbial communities since other microbes benefit from them. That is why a 

mucilaginous cyanobacterial bloom or mat in aquatic and terrestrial ecosystem often 

contains heterotrophic bacteria, other eukaryotic microalgae, diatoms and fungi. 

Furthermore, the samples are also laden with protozoa and nematodes since they feed on 

cyanobacteria. Hence the present chapter deals with isolation, purification and 

characterization of cyanobacteria from local environment.  
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Sampling of Cyanobacteria 

The sampling of cyanobacterial strains was done by selecting various ecological niches 

in Punjab and Khyber Pakhtunkhwa provinces of Pakistan where cyanobacterial growth 

was evident either as blooms or scums in aquatic habitats or visible blue-green 

phototrophic biofilms on soils, rocks or solid substrates.   

The sampling sites included four different locations; two polluted and two unpolluted 

sites in particular. The first site included was a polluted Kallar Kahar Salt lake, a 

naturally saline/ brackish lake, (32.7833º N, 72.7000º E) located in Punjab, Pakistan 

(Figure 3.1 A). From this lake sampling was done in spring and monsoon seasons in 

March and July respectively. Sample A was collected in March when the temperature of 

the lake was around 26°C with pH of 8.4 and electric conductivity of 22.63 ds m-1 (Table 

3.1). There were visible blooms like web of algae floating on the lake (Figure 3.2 A).  

The green threads were carefully picked up with a help of a net and stored in sterilized 

glass jars.  Sample B was collected in July during Monsoon season. There were no 

visible blooms on the lake but there was a blue-green phototrophic biofilm growing 

along the borders of the lake away from salty water attached to the brick ledge (Figure 

3.2 B). The temperature was around 35°C, pH of 7.4 and EC of 1.3 ds m-1 around the 

biofilm. The biofilms were scraped off with a sterilized metal spatula and the algal 

samples were then stored in sterile polyethylene zip-lock bags. Sample C was also 

collected along with sample B but from the lake water as the lake appeared a little 

homogenously green in color (Figure 3.2 C). The temperature of the lake water was 

around 28°C with pH of 7.8 and electric conductivity of 24.88 ds m-1. A sterilized glass 

jar was inverted on the lake and the water was collected in it. 

The second sampling site included a polluted domestic sewage drain of Hazara 

Phosphate Fertilizer Factory resident colony, located in Haripur Hazara (33°58'27.19° N, 

72°55'38.55° E) Khyber Pakhtunkhwa, Pakistan (Figure 3.1 B). The sampling was done 

in spring in March. The temperature was 30°C and the pH of the sampling site was 7.8 

with electric conductivity of 1.8 ds m-1 (Table 3.1). The cyanobacteria were growing as 

thick brown-black slimy mat attached to the cemented sewage drain of the fertilizer 

factory (Figure 3.2 D). The third sampling site included unpolluted Khewra salt mine 

drain located in Khewra (32.6479° N, 73.0084° E) (Figure 3.1 C). The cyanobacterial 

bloom was seen floating in a puddle of salt water leaking from an iron drain pipe of the 

mine (Figure 3.2 E). The temperature of the puddle was around 23°C and the pH was 7.4 
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with electric conductivity of 27.38 ds m-1. The sample was collected in October during 

autumn season. The fourth sampling site included unpolluted garden soil of Department 

of Microbiology and Molecular Genetics, University of the Punjab (31.2928° N, 

74.1747° E), located in Lahore, Pakistan (Figure 3.1 D). The cyanobacterial mat was 

scraped off from the soil of potted Aloe vera plant in MMG garden (Figure 3.2 F). The 

sampling was done in monsoon season in July. The temperature was 34°C and the pH of 

the soil was around 7.6 with electric conductivity of 1.6.   

Isolation and Purification 

For the isolation and purification of various cyanobacterial species, a wet mount was 

firstly prepared to monitor the presence of morphologically different species of 

cyanobacteria as well as the prevailing organisms other than cyanobacteria under light 

microscope at 40X objective. As described in Table 3.1, the samples collected from 

various sources contain filamentous and unicellular cyanobacteria. There were also 

eukaryotic green filamentous and microalgae, protozoa, nematodes and heterotrophic 

bacteria. After that the samples were first passed through 30 micron filter to remove 

nematodes and protozoa and then inoculated on BG-11, Bold Basal (BB) and Zarrouk’s 

media with 1% agar and 20 µg ml-1 vitamin B12 (Table 2.1, 2.3 and 2.5) for the isolation 

of cyanobacterial species. The inoculated plates were incubated for 15-20 days at 28°C 

under 16/8 light/dark period. The growth on the agar plates were then examined under 

inverted microscope (10X objective) after 15-20 days and morphologically different 

cyanobacterial colonies were marked on the plate. It was observed that most of the 

cyanobacterial colonies efficiently grew on BG-11 media.  

few colonies of filamentous cyanobacteria whereas in Zarrouk’s media only some 

diatoms were seen growing. So for further study BG-11 media was selected for 

enrichment. 

The unicellular colonies were picked carefully with sterilized inoculating loop and 

streaked onto a new BG-11 agar plate. The cultures were incubated for 20-30 days under 

16/8 light/dark period in order to obtain a single colony. The process was repeated 

several times until mono-cultures were obtained. The filamentous cyanobacteria on the 

other hand were firstly marked and then carefully sliced out with a sterilized metal 

scalpel. The filaments attached to the agar cubes were then aseptically transferred in the 

middle of new BG-11 agar plates. Growth was observed everyday on agar plates under 

inverted microscope until a single filament was observed in the field. The position of the  
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Figure 3.1:     Maps and Satellite views of Cyanobacterial sampling sites. (A). Map of 

Pakistan. (B). Zoom in area of the sampling sites and their distance from University of the 

Punjab, Lahore. (C). Kallar Kahar Salt Lake (D). Hazara Phosphate Fertilizer Limited (E). 

Khewra Salt Mines (F). Department of Microbiology and Molecular Genetics (MMG) University 

of the Punjab. Source: Google Maps and Earth. 
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  Table 3.1     Physiological Parameters of Samples and Sampling Sites.  

Location Sampling 

Season 

EC(ds m-1) 

± S.E 

Sample Description Sample 

Name 

pH 

±S.E 

Temp 

± S.E (°C) 

Prevailing Microorganisms in the 

samples 

 

 

Kallar 

Kahar  Salt 

Lake   

 

Spring 

 

 22.63 ± 0.3 

 

 

Algal Scum on the  lake 

water surface 

 

A 

 

8.6 ± 0.1 

 

26 ± 2 

Filamentous cyanobacteria, 

Filamentous and unicellular eukaryotic 

algae, Diatoms, Heterotrophic Bacteria. 

 

 Monsoon 

 

1.3 ± 0.2  

Algal biofilm attached 

to the brick ledge of the 

lake 

 

B 

 

7.4 ± 0.2 

 

30 ± 3 

Filamentous cyanobacteria, 

Filamentous and unicellular eukaryotic 

algae, Diatoms, Bacteria. 

 

 Monsoon 

 

24.12 ± 0.2 

Homogenously dispersed 

in the lake water 

C 7.6 ± 0.2 28 ± 3 Unicellular cyanobacteria, eukaryotic 

microalgae, Diatoms, Bacteria.  

Fertilizer 

Sewage 

Drain 

 

Spring 

 

1.8 ± 0.2 

 

Brown-black mat  

attached to the cemented 

sewage drain 

 

D 

 

7.8 ± 0.2 

 

30 ± 4 

Filamentous cyanobacteria, Eukaryotic 

microalgae, Diatoms, Nematodes, 

Protozoa. 

Salt Mine 

Drain Pipe 

 

 Autumn 

 

27.38 ± 0.2 

 

Algal biofilm growing in 

water leaking from mine 

drain pipe 

 

E 

 

7.6 ± 0.2 

 

23 ± 3 

Filamentous cyanobacteria, Diatoms, 

Bacteria. 

MMG 

Garden Soil 

 

  Monsoon 

     

  1.6 ± 0.3 

 

Growth attached to the 

soil of Aloe vera potted 

plant.  

 

F 

 

7.6 ± 0.1 

 

34 ± 3 

Filamentous cyanobacteria, Eukaryotic 

microalgae, Diatoms, Bacteria. 

The data is presented as mean of three readings.
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Figure 3.2:  Cyanobacterial Sampling Sources. (A). Algal blooms on Kallar Kahar Salt Lake. 

(B). Cyanobacterial mats attaching to the brick ledge of Kallar Kahar Salt Lake (C). Green 

dispersed growth of cyanobacteria. (D). Brown-Black cyanobacterial mat growing in the sewage 

drain.  (E). Cyanobacterial mat growing in water coming out of Khewra Salt mine drain pipe. 

(F). Cyanobacterial mat growing in potted Aloe vera plant in department of MMG-PU garden.   
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filament was then marked on the petri-plate and then cut with sterile scalpels under 

aseptic conditions (Stal and Krumbein, 1985). The piece of agar containing the filament 

was transferred to a fresh BG-11 agar media in the middle of the plate. This process was 

repeated several times until mono-cultures were obtained. To check the purity of 

cyanobacteria from other bacteria, mono-cultures were spread on Luria-Bertani agar 

(Table 2.3) (Gerhardt et al., 1994) and incubated at 37ºC for 36 hours following 

Hagemann et al. (2001). In order to prevent the growth of eukaryotic algae, fungi and 

bacteria the BG-11 agar and liquid media were prepared with filter sterile kanamycin (30 

µg ml-1) and cycloheximide (50 µg ml-1). Following these steps 13 strains of 

cyanobacteria were successfully isolated and purified into mono-cultures. After 

obtaining pure cultures, they were enriched in 150 ml of liquid BG-11 media. The 

cultures were incubated for 30 days at 26±2°C under 16/8 day/night regime with light 

intensity of 100 µE m-2 s-1. The isolation and purification scheme is shown in Figure 3.3. 

The stock cultures were maintained and regularly passaged after every 3 months in 50 ml 

of complete BG-11 media under 16/8 light dark period. A total of 13 cyanobacterial 

strains were isolated from the samples. The isolates were then characterized on the basis 

of their morphology, presence and absence of heterocysts and their mode of growth 

which included floating on the water surface, attached to a substrate or dispersed in a 

water body as shown in Table 3.2. Out of 13, 8 strains namely: (Saadia Ijaz) SI-SA, SI-

SF, SI-SP, SI-SM, SI-SB, SI-SH, SI-SC and SI-SK were filamentous non-heterocystous; 

two strains, SI-SN and SI-SV were heterocystous; and three strains, SI-ST, SI-SG and 

SI-SS were unicellular. Most of the cyanobacterial species were isolated from Kallar 

Kahar Salt Lake followed by Hazara phosphate fertilizer sewerage drain scum. Only one 

strain was isolated from Khewra salt mine drain pipe and MMG garden soil. Among all 

the strains there were only two heterocystous strains of cyanobacteria growing along 

with the filamentous eukaryotic green algae scum on the surface of Kallar Kahar Lake 

(Figure 3.2 A). The unicellular strains were all homogenously dispersed in the lake 

which caused the lake to appear a little green in color. The non-heterocystous strains 

were seen attached to either a dry substrate or submerged soil in shallow puddle of water. 

All isolates were then observed under the microscope (100X oil immersion) and out of 

the 13 strains, 5 cyanobacterial strains were not included in the study because 3 

filamentous strains were duplication from the same sample, whereas 2 unicellular strains 

died under laboratory conditions available. So, 8 strains (SI-SA, SI-SF, SI-ST, SI-SM, 
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SI-SV, SI-SN, SI-SK and SI-SC) were selected having significant morphological 

differences.  

Morphological Characterization 

The identification and classification of isolated and purified cultured cyanobacteria have 

been quite difficult since the traditional botanical taxonomic procedures involved only 

morphological and developmental features to classify taxa at genus level or above. This 

criterion is not sufficient for some species of cyanobacteria like some unicellular 

cyanobacterial species that lack sufficient morphological and developmental complexity. 

Furthermore, cyanobacterial growth pattern and morphology become very problematic 

during stress conditions when cyanobacteria tend to change some features of their 

morphology like presence and absence of heterocysts, presence and absence of branched 

trichomes and or false branching and presence and absence of sheaths (Pattanaik et al., 

2012). So for identification and classification of cyanobacteria, not one method is 

sufficient. A multidisciplinary approach often gives best results when dealing with 

cyanobacteria, which include analysis of: morphology, growth patterns, presence of 

fluorescent pigments and most importantly the molecular approaches by amplifying and 

sequencing and analyzing the conserved genes like 16S rRNA which will be discussed in 

the next chapter. 

The morphological classification and generic assignment of isolated cyanobacterial 

strains were based on classification keys provided by Rippka et al., (1979), Castenholz 

(2001) and Komárek and Hauer (2013). For colony characterisation BG-11 with 1% agar 

media were used whereas for the characterisation of cell morphology, growth patterns 

and pigment production, BG-11 liquid media with and without nitrogen were used. Both 

sets of media were incubated for 15-20 days under 16/8 light/dark period at 25°C. The 

cultures were examined visually for biomass color and growth patterns as well as 

microscopically with help of bright field microscope, for cell morphology and growth 

patterns, as cultures tend to embed in the agar media which hinder slide preparation for 

microscopic examination. Furthermore, epi-fluorescent microscope was used for pigment 

characterization since cyanobacteria produce fluorescent pigments like chlorophyll-a and 

type II C-PE, which can be excited with violet-blue (420-440 nm) wavelengths that give 

orange-red fluorescence of chlorophyll-a (Chl-a) and yellow-orange fluorescence of type 

II c-phycoerythrin (CPE) respectively, and phycobiliproteins (phycocyanin (CPC) and  
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        Sample                       Wet mount Microscopic     

                                        Examination 40X (objective) 

 

               

                                          Filtered samples plated on 

                            BG-11 media with  

1% agar.  

 

                          

     

 

 

Examination of colonies 

              under inverted microscope (20X objective) 

 

 

     Unicellular Colonies                                      Filamentous Colonies 

   

 

 

 

 

Sequential streaking with addition of 

antibiotics, transfer of 

filaments and passaging until pure 

cultures were obtained. 

                                         

                             

                                      

 

 

 

Enrichment of pure colonies and 

filaments in BG-11 liquid media. 

 

 

 

 

Figure 3.3:  Isolation and purification scheme for culturing Cyanobacteria.
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Table 3.2:   Characteristics of Cyanobacterial strains isolated from various 

environmental sources.    

 

Location Sample Strain Growth 

Form 

Heterocysts Cell Type 

Kallar Kahar  

Salt Lake 

 

Algal Scum 

 

 

A 

 

SI-SN 

 

Floating 

 

+ 

 

Filamentous 

SI-SV Floating + Filamentous 

 

Phototrophic 

biofilm 

 

B 

SI-SA Attached _ Filamentous 

SI-SF Attached _ Filamentous 

SI-SP Attached _ Filamentous 

 

 

Lake water 

 

C 

SI-ST Dispersed _ Unicellular 

SI-SG Dispersed _ Unicellular 

SI-SS Dispersed _ Unicellular 

 

Fertilizer 

Factory Sewage 

Drain 

 

D 

SI-SM Attached _ Filamentous 

SI-SB Attached _ Filamentous 

SI-SH Attached _ Filamentous 

Khewra Salt 

Mine  

Drain Pipe 

E SI-SC Attached _ Filamentous 

MMG Garden 

Soil 

H SI-SK Attached _ Filamentous 

  “‒” Not present, “+” Present, Attached= growing as a phototrophic biofilm on a 

substrate, Floating= growing as a bloom on the surface of water, Dispersed= 

homogenous or dispersed growth in the water. 
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phycoerythrin) which can be excited with green-yellow (520-560 nm) waveband filter 

that give crimson fluorescence of CPC and yellow-orange fluorescence of type I CPE . 

Through morphological examination, the selected cyanobacterial strains were identified 

as Oscillatoria strain SI-SA, Oscillatoria strain SI-SF, Oscillatoria strain SI-SK, 

Leptolyngbya strain SI-SM, Phormidium strain SI-SC, Nostoc strain SI-SN, Calothrix 

strain SI-SV and Chroococcidiopsis strain SI-ST. The morphological characters are 

summarized in Table 3.3. The morphological characterization of each strain is as 

follows. 

Filamentous Non-heterocystous Isolates: 

Oscillatoria strain SI-SA 

The strain was isolated from Kallar Kahar Salt Lake attached to the bricked ledge of the 

lake. When agar plates were examined visually, the biomass appeared blue-green in 

color with curly bundles of filaments forming circles and covering almost the entire plate 

area (Figure 3.4 A). This strain was able to grow on nitrogen deficient BG-11 media. 

Upon inspection with bright field microscope under (100X objective) oil immersion the 

trichomes appeared isopolar, filamentous and wavy at regular intervals (figure 3.5 A). 

The cell width was measured to be 8-9 µm, wider than elongated discoid cells 

unconstricted at cross walls, enclosed in a tight colorless sheath and a colorless calyptra 

was also present. End cells were widely rounded. Trichomes were motile with an average 

of 4 µm sec-1 in wavy line with oscillatory motion. There were no branches, heterocysts 

or akinetes present. The strain was able to grow in nitrogen deficient media. When 

observed under fluorescent microscope with a violet-blue excitation filter (395-500 nm) 

under (100X objective) oil immersion, a very intense red-orange fluorescence was seen 

characteristic of chlorophyll-a (Chl-a) which was present throughout the whole cell 

indicating the prokaryotic cell type and the viability of the cell (Figure 3.6 A). There was 

also some non-specific yellow fluorescence of the hormogonia. There was no yellow-

orange fluorescence of type I C-phycoerythrin (CPE). When the cells were excited with 

green-yellow filter (520-560 nm) intense crimson fluoresce was seen characteristic of C-

phycocyanin (CPC) with no orange-yellow fluorescence of type II CPE (Figure 3.7 A). 

This in vivo observation showed Chl-a and CPC as predominant photopigments in this 

strain.     
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Oscillatoria strain SI-SF 

This strain was isolated from Kallar Kahar Lake attached to the bricked ledge of the lake. 

The biomass appeared leaf-green in color with springy filaments. This strain was not 

able to grow on nitrogen deficient media. Upon inspection with bright field microscopy 

under (100X objective) oil immersion, the trichomes appeared very large and isopolar, 

filamentous and wavy at regular intervals (Figure 3.4 B). The cell width was measured to 

be 12-14 µm, wider than elongated discoid cells unconstricted at cross walls, enclosed in 

a colorless sheath. The end cells were widely rounded and a yellow colored calyptra was 

also present. Trichomes were motile with an average of 0.5-1 µm sec-1 in wavy line with 

oscillatory motion. There were no branches, heterocysts or akinetes present (Figure 3.5 

B). Under violet-blue excitation filter chlorophyll-a was seen present throughout the 

whole cell with no yellow-orange fluorescence of type I CPE) (Figure 3.6 B). When the 

cells were excited with green-yellow filter, crimson fluorescence of CPC was seen with 

no orange-yellow fluorescence of type II CPE (Figure 3.7 B) showing CPC and Chl-a as 

predominant photopigments. 

Oscillatoria strain SI-SK 

This strain was isolated from the soil of the potted Aloe vera plant in the MMG garden. 

The blue-green phototrophic biofilm was seen covering the soil surface. The biomass 

appeared leaf-green in color with long, prominent curly filaments with thin curly 

branched filaments emanating from them giving off a chiral growth pattern appearance 

(Figure 3.4 C). This strain was able to grow on nitrogen deficient BG-11 media. Upon 

inspection with bright field microscopy under (100X objective) oil immersion the 

trichomes appeared dark green in color, filamentous, large and isopolar (Figure 3.5 C). 

The cell width was measured to be 9-10 µm, wider than elongated discoid cells 

constricted at cross walls, enclosed in a tight colorless sheath. The end cells were widely 

rounded. Trichomes were motile with an average speed of 3 µm sec-1 in straight line with 

oscillatory motion. There were no branches, heterocysts or akinetes present. When 

observed under fluorescent microscope with a violet-blue excitation filter (395-500 nm), 

to investigate the predominance of different types of phycobiliproteins, a very intense 

red-orange fluorescence of Chl-a was seen. There was no yellow-orange fluorescence of 

type I C-phycoerythrin (CPE) (Figure 3.6 C). When the cells were excited with green-

yellow filter (520-560 nm) intense crimson fluoresce of CPC was seen with no orange- 
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       Table 3.3:    Morphological characterization of isolated Cyanobacterial strains. 

Characterisation SI-SA SI-SF SI-SK SI-SM SI-SC SI-SN SI-SV SI-ST 

Cell Type Filamentous Filamentous Filamentous Filamentous Filamentous Filamentous Filamentous Unicellular 

Consistency Wavy Wavy Straight Straight Straight agglomerate Tapering Aggregates 

in bunches 

Cell Width (µm) 8-9 12-14 9-10 0.5-1 6-7 5-6 6-7 3-4 

Apical cell type Round Round Round Round Attenuated Round Round N.A 

Biomass Color BG DG DG BG BG RB DG BG 

Heterocysts - - - - - + + - 

Akinetes - - - - -    + * - - 

Hormogonia + + + + + + + - 

Sheath + + + + + + + + 

Gas Vesicles + + + + + + + - 

Baeocytes N.A N.A N.A N.A N.A N.A N.A + 

Motility (µm s-1) + (4) + (1) + (3) - + (5) + a (1.5) + a (0.8) - 

Predominant 

Photopigments 

Chl-a/ 

CPC 

Chl-a/ 

CPC 

Chl-a/ 

CPC 

Chl-a/ 

CPC 

Chl-a/ 

CPC 

Type II 

CPE 

Chl-a/ 

CPC 

Chl-a/ 

CPC 

N2 
0 Growth + - + + - + + + 

BG= blue-green, DG= dark green, RB= red-brown. Chl-a= Chlorophyll-a, CPC= C-Phycocyanin, CPE= C-Phycoerythrin.*Akinetes only 

observed under suboptimal/stressful conditions. a Motility in hormogonia only. N2
0= Growth on Nitrogen deficient media.



Isolation and Characterization of Cyanobacterial Strains Chapter 03 
 

96 
 

yellow fluorescence of type II CPE (Figure 3.7 C). This in vivo observation showed Chl-

a and CPC as predominant photopigments in this strain. 

Leptolyngbya strain SI-SM 

This strain was isolated from the sewerage drain of a fertilizer factory attached to the 

cemented drain. It grew as a dark green thin mat containing very thin thread-like 

filaments. The biomass appeared densely blue-green in color with clearly defined zones 

of consolidation which almost covered the entire agar surface (Figure 3.4 D). This strain 

was able to grow on nitrogen deficient BG-11 media. Under bright field microscope 

(100X objective) oil immersion, the trichomes appear pale blue-green in color (Figure 

3.5 D). They were straight, very thin, isopolar surrounded by colorless sheath opened at 

the apical end. The cells were constricted with rounded apical ends and were longer than 

wider with 0.5-1 µm in width and 0.7-1.5 µm in length. Calyptra, heterocysts and 

akinetes were absent in this strain. The trichomes were non-motile. Under violet-blue 

excitation filter chlorophyll-a was seen present throughout the whole cell with no 

yellow-orange fluorescence of type I CPE) (Figure 3.6 D). When the cells were excited 

with green-yellow filter, crimson fluorescence of CPC was seen with no orange-yellow 

fluorescence of type II CPE (Figure 3.7 D) showing CPC and Chl-a as predominant 

photopigments. 

Phormidium strain SI-SC 

This strain was isolated from the Khewra salt mine drain pipe, growing as a phototrophic 

biofilm on the soil surface submerged in the puddle of salt water leaking from the drain. 

The biomass appeared bright-green in color with homogenous mat-like growth (Figure 

3.4 E). This strain was not able to grow on nitrogen deficient BG-11 media. Cell 

morphology under bright field microscopic examination revealed bright blue-green 

trichomes, which were isopolar, straight, attenuated at the ends and enclosed in firm 

colorless sheaths. The cells were constricted at the cross walls, longer than wider with 6-

7 µm in width (Figure 3.5 E).  The trichomes were motile with an average speed of 5 µm 

sec-1 in straight direction with oscillatory motion at the pointed tips. Calyptra, 

heterocysts and akinetes were absent in this strain. On inspection with epiflourescent 

microscope under violet-blue excitation filter chl-a was observed with no yellow-orange 

fluorescence of type I CPE although there was some non-specific green fluorescence of 

the hormogonia (Figure 3.6 E). Under green-yellow filter, crimson fluorescence of CPC
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Figure 3.4: Cyanobacterial monocultures on 1% BG-11 agar medium. (A), Blue-green 

filaments of Oscillatoria strain SI-SA; (B), Green springy filaments Oscillatoria strain SI-SF; 

(C), Dark green filaments of Oscillatoria strain SI-SK; (D), Dense blue-green filaments of 

Leptolyngbya strain SI-SM; (E), Bright green colony of Phormidium strain SI-SC; (F), Red- 

brown filaments of Nostoc strain SI-SN; (Ga), Green bushy colony of Calothrix strain SI-SV; 

(Gb), Bushy tuft of Calothrix strain SI-SV floating in BG-11 liquid medium; (Ha), Dark green 

colonies of unicellular Chroococcidiopsis strain SI-ST; (Hb), Arrow indicates baeocytes. 
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Figure 3.5:  Morphology of cyanobacteria under bright field microscope (100 X objective 

oil immersion). (A). Wavy trichomes of Oscillatoria strain SI-SA; (B). Large wavy trichomes of 

Oscillatoria strain SI-SF; (C). Large straight dividing trichomes of Oscillatoria strain SI-SK; 

(D). Thin trichomes of Leptolyngbya strain SI-SM; (E), Bright green trichomes of Phormidium 

strain SI-SC with attenuated ends; (F). Red-brown trichomes of Nostoc strain SI-SN. Arrow 

indicates the heterocyst; (G), Tapering trichomes of Calothrix strain SI-SV. Arrow indicates the 

basal heterocyst; (H), Blue-green aggregates of Chroococcidiopsis strain SI-ST. 
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was seen with no orange-yellow fluorescence of type II CPE (Figure 3.7 E) showing 

CPC and Chl-a as predominant photopigments. 

Filamentous Heterocystous Strains 

Nostoc strain SI-SN 

Nostoc strain SI-SN was isolated from Kallar Kahar Salt Lake growing on the eukaryotic 

algal blooms as red-brown slimy globules. Due to this appearance it is commonly known 

as star jelly, troll’s butter, witch's butter and witch’s jelly. The biomass appeared red-

brown in appearance with homogenous curly filaments (Figure 3.4 F). This strain was 

able to grow in the absence and presence of nitrogen. Cell morphology under bright field 

microscopic examination revealed densely entangled, flexuous, metameric, red-brown 

trichomes. The cells were, barrel-shaped to subspherical of 5-6 µm width, longer than 

wider. The sheath was indistinct however; the colonies were surrounded by thick 

gelatinous mass. Dark cyanophycin granules were also seen under oil immersion (100X 

objective) (Figure 3.5 F). Light green, solitary, intercalary heterocysts of 7-8 µm wide 

and 8-9 µm long were present. Motile hormogonia were present with an average speed of 

1.5 µm s-1 which produced heterocysts at both ends of a young trichome. Akinetes were 

observed only under suboptimal conditions. Under fluorescent microscope with a violet-

blue excitation filter, very little red-orange fluorescence of chl-a was seen. No yellow-

orange fluorescence of type I CPE was detected. When the cells were excited with green-

yellow filter (520-560 nm) very intense yellow-orange fluorescence was seen 

characteristic of type II CPE. No orange-red fluorescence of CPC was seen (Fig 3.6A). 

In this strain type II CPE was the dominant pigment giving it a distinct dark red-brown 

appearance. 

Calothrix strain SI-SV  

This strain was isolated from Kallar Kahar Salt Lake growing on the eukaryotic algal 

blooms. The biomass appeared green in color with dry, bushy appearance (Figure 3.4 

Ga). Also in a liquid media, discrete colonies of this strain appeared as mass of filaments 

like a bushy tufts of up to 1mm long (Figure 3.4 Gb). This strain was able to grow in the 

presence and absence of nitrogen. Cell morphology under bright field microscopic 

examination revealed densely entangled, tapering, dark green trichomes with narrow 

colorless sheaths. Cells were 6-7 µm wide, sometimes shorter than wider towards the 

base. The cells in the middle part were longer than wider. Solitary, yellow-green 7-8 µm  
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Figure 3.6:  Autoflourescence of cyanobacterial pigments under epi-fluorescent microscope 

with violet-blue excitation filter (390-500 nm). A). Orange-red fluorescence of chlorophyll-a 

(chl-a) in Oscillatoria strain SI-SA. (B). Orange-red fluorescence of chl-a in Oscillatoria strain 

SI-SF. (C). Orange-red fluorescence of chl-a in Oscillatoria sp. SI-SK. (D). Orange-red 

fluorescence of chl-a in Leptolyngbya strain SI-SM. (E). Orange-red fluorescence of chl-a in 

Phormidium strain SI-SC. (F). Little amount of orange-red fluorescence of chl-a in Nostoc strain 

SI-SN. (G). Orange-red fluorescence of chl-a in Calothrix strain SI-SV. (H). Orange-red 

fluorescence of chl-a in Chroococcidiopsis strain SI-ST.    
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Figure 3.7:  Autoflourescence of cyanobacterial pigments under epi-fluorescent microscope 

with green-yellow excitation filter (520-560 nm). A). Crimson fluorescence of CPC in 

Oscillatoria strain SI-SA. (B), Crimson fluorescence of CPC in Oscillatoria strain SI-SF. (C). 

Crimson fluorescence of CPC in Oscillatoria sp. SI-SK. (D). Crimson fluorescence of CPC in 

Leptolyngbya strain SI-SM. (E). Deep Crimson fluorescence of CPC in Phormidium strain SI-

SC. (F). Bright yellow-orange fluorescence of type II CPE in Nostoc strain SI-SN. (G). Crimson 

fluorescence of CPC in Calothrix strain SI-SV. (H). Crimson fluorescence of CPC in 

Chroococcidiopsis strain SI-ST. Large amount of bright blue autofluorescence indicates the 

presence of extracellular polymeric substances (EPS).    
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wide basal heterocysts were present. Akinetes were absent (Figure 3.5 G). Motile 

hormogonia were present with an average speed of 0.8 µm s-1. Under fluorescent 

microscope with a violet-blue excitation filter, red-orange fluorescence of chl-a was 

present. No yellow-orange fluorescence of type I CPE was present (Figure 3.6 G). When 

the cells were excited with green-yellow filter (520-560 nm) very intense crimson 

fluorescence of CPC was seen with no orange-yellow fluorescence of type II CPE 

(Figure 3.7 G) showing CPC and chl-a as predominant photopigments.  

Unicellular Strain 

Chroococcidiopsis strain SI-ST 

This strain was isolated from Kallar Kahar Salt Lake showing dispersed growth in the 

lake water giving it a greenish color. The isolated colonies appeared dark-green in color 

and were irregularly round and granular with slightly moist appearance. The colonies 

were small in size with raised elevation (Figure 3.4 Ha). Baeocytes were seen under 

bright field microscope when growing on solid media (Figure 3.4 Hb). Cell morphology 

under bright field microscope revealed blue-green spherical, hemispherical or irregularly 

round cells with diameter of 3-4 µm (Figure 3.5 H). The cells were enveloped by thin, 

firm, colorless sheath which gelatinized in old cultures. The cells were non-motile. 

Under fluorescent microscope with a violet-blue excitation filter, red-orange 

fluorescence of chl-a was present. No yellow-orange fluorescence of type II CPE was 

present (Figure 3.6 H). When the cells were excited with green-yellow filter (520-560 

nm), crimson fluorescence of CPC along with blue autoflourescence of extracellular 

polymeric substances (EPS) were seen (Figure 3.7 H). There was no orange-yellow 

fluorescence of type II CPE showing CPC and chl-a as predominant photopigments. 

Physiological Characterization  

To study the physiological characters of the cyanobacterial isolates the experiments  

were setup in a temperature and light controlled incubator with low speed rotation of 50 

rpm. Different parameters including pH, temperature, photoperiod, light intensity, 

salinity stress and time duration were applied to study the growth patterns of the 

cyanobacterial isolates in order to get the optimized growth. The growth was measured 

in terms of chlorophyll-a content (µg ml-1), extracted in 95% methanol, by measuring the  

optical density at 665nm by equation of Tandeau de Marsac and Houmard (1988).              

                                                        OD 665 nm x 13.9. 
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The specific growth rate (µ day-1), which is the increase in cell mass per unit time of the 

cultures, was measured as Chl-a content for 15 days during exponential phase and the 

maximum was considered to define the specific growth  rate. The specific growth rates 

were calculated with the equation suggested by American Public Health Association 

APHA (2005):   

µ (day-1) = ln (X2/X1) / (t2 – t1)  

Where X1 and X2 are the optical densities at time t1 and t2. 

Effect of pH on Growth 

To determine the effect of pH on growth of isolated cyanobacteria strains, the pH of BG-

11 liquid media was adjusted to 5, 6, 7, 8 and 9 with 1M NaOH and 1M HCl. After that 

0.5 ml of homogenized biomass was inoculated in 150 ml of the media and then 

incubated at 25°C, illuminated with 40 µE m2 s-1 light intensity under 16/8 hours 

day/night regime. After 30 days of incubation, the growth of the strains was measured as 

chl-a content. The growth rates (µ day-1) were also measured as chl-a content, during the 

exponential phase of the growth curve. It was observed that most of the strains grew best 

at pH between 7 and 8 with highest chl-a content and growth rates shown by Calothrix 

strain SI-SV, Nostoc strain SI-SN and Leptolyngbya strain SI-SM, at pH 8 with 

maximum mean chl-a content of 18.98, 17.67 and 16.85 µg ml-1 (Figure 3.8) with growth 

rates of 0.49, 0.47 and 0.43 µ day-1 (Figure 3.9 A and B) respectively. Furthermore, 

strain SI-SN and SI-SV along with unicellular strain SI-SC and strain SI-ST also showed 

significant growth at pH 9 with mean chl-a content of 10.65, 10.64, 9.34 and 8.48 µg ml-

1 with growth rates of 0.2, 0.18, 0.13 and 0.12 µ day-1 respectively. Oscillatoria strains 

SI-SA, SI-SF and SI-SK grew best at pH 7 with maximum mean chl-a content of 18.24, 

13.00 and 12.00 µg ml-1 with specific growth rates of 0.45, 0.11 and 0.12 µ day-1 

respectively. Phormidium strain SI-SC was seen growing best at pH 7 with maximum 

mean chl-a content of 17.89 µg ml-1 with specific growth rate of 0.42 µ day-1; however it 

was also seen growing at pH 5 with maximum mean chl-a content of 8.98 µg ml-1 with 

growth rate of 0.23 µ day-1 at which most of the other strains did not grow well. 

Unicellular strain Chroococcidiopsis strain SI-ST was seen growing best at pH 8 with 

maximum mean chl-a content of 14.56 µg ml-1 with growth rate of 0.28 µ day-1; however 

it too like Phormidium strain SI-SC showed significant growth at pH 5 with maximum 

mean chl-a content of 6.28 µg ml-1 with 0.1 µ day-1 growth rate.  So, out of 8 strains 

Phormidium strain SI-SC and Chroococcidiopsis strain SI-ST were the most flexible in 
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growth pattern giving growth over a wide range of pH, whereas, heterocystous strains SI-

SV and SI-SN and Leptolyngbya strain SI-SM preferred slightly alkaline pH. On the 

other hand, Oscillatoria strains preferred neutral pH.    

Effect of Temperature on Growth 

To monitor the temperature requirements of the isolates, 0.5 ml of homogenized cultures 

were inoculated in 150 ml of liquid BG-11 media with pH of 7.6. The strains were 

incubated at different temperatures of 18°C, 25°C, 30°C and 35°C illuminated with 40 

µE m2 s-1 light intensity, under 16/8 hour day/night regime. The growth of the strains as 

chl-a content was measured after 30 days of incubation. The growth rates (µ day-1) were 

also measured as chl-a content, during the exponential phase of the growth curve. All the 

strains showed optimal growth between 25 to 30°C (Figure 3.10). The growth of all the 

strains drastically decreased at low temperature of 18°C except for Phormidium strain 

SI-SC, which showed mean chl-a content of 10.47 µg ml-1 (Figure 3.11 A and B). 

Leptolyngbya strain SI-SM and Phormidium strain SI-SC grew best at 25°C with mean 

chl-a content of 17.98 and 16.48 µg ml-1 with growth rates of 0.47 and 0.46 µ day-1 

respectively, however their growth drastically decreased as the temperature increased to 

35°C with mean chl-a content of 10.77 and 7.67 µg ml-1 with growth rates of 0.26 and 

0.15 µ day-1. Similar pattern was observed in heterocystous strains at 25°C with mean 

chl-a content of 18.14 and 17.78 µg ml-1 in Calothrix strain SI-SV and Nostoc strain SI-

SN with specific growth rates of 0.49 and 0.47 µ day-1 respectively, whereas, when 

higher temperature of 35°C was given to these strains, their mean chl-a contents 

decreased to 11.46 and 10.34 µg ml-1 lower growth rates of 0.21 and 0.16 µ day-1 

respectively. Conversely, Oscillatoria strains SI-SA, SI-SF and SI-SK showed optimum 

growth at 30°C with mean Chl-a content of 18.39, 12.45 and 12.88 µg ml-1 having 

growth rates of 0.46, 0.13 and 0.16 µ day-1. Unicellular strain Chroococcidiopsis strain 

SI-ST also showed optimum growth at 30°C with mean chl-a content of 15.87 µg ml-1  

with growth rate of 0.28 µ day-1. The observations showed that the 8 isolated 

cyanobacterial strains preferred a little cool to slightly warm temperatures between 25 

and 30°C. Oscillatoria and unicellular strain SI-ST preferred a little warmer environment 

and even showed significant growth at 35°C however; their growth was slightly lesser at 

this temperature as compared with 30°C. Furthermore, Phormidium strain SI-SC was the 

least tolerant of high temperatures but showed growth below 20°C as opposed to the rest 

of the strains showing its preference for colder temperatures.  
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Figure 3.8:  Effect of varying pH on cyanobacterial growth in terms of chl-a content. The error 

bars represent the mean ± SEM of three technical replicates. 

(A)  

(B)  

Figure 3.9 (a and b):   Specific growth rates of cyanobacterial strains in terms of chl-a content at 

various pH. The error bars represent the mean ± SEM of three technical replicates. 

0

5

10

15

20

SI-SA SI-SF SI-ST SI-SM SI-SV SI-SN SI-SK SI-SC

C
h

l-
a 

µ
g 

/ 
m

l

Cyanobacterial Strains

pH5 pH6 pH7 pH8 pH9

0

0.1

0.2

0.3

0.4

0.5

5 6 7 8 9

Sp
e

ci
fi

c 
G

ro
w

th
 R

at
e 

µ
 d

ay
-1

pH

SI-SA

SI-SF

SI-ST

SI-SM

0

0.1

0.2

0.3

0.4

0.5

5 6 7 8 9

pH

SI-SV

SI-SN

SI-SK

SI-SC



Isolation and Characterization of Cyanobacterial Strains Chapter 03 
 

106 
 

 

Figure 3.10:  Effect of different temperature on cyanobacterial growth in terms of chl-a content. 

The error bars represent the mean ± SEM of three technical replicates. 

 

(A)  

(B)  

Figure 3.11 (a and b):   Specific growth rates of cyanobacterial strains in terms of chl-a content 

at various temperature. The error bars represent the mean ± SEM of three technical replicates. 
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Effect of Photoperiod on the Growth of Cyanobacterial Isolates 

In order to investigate the effect of photoperiod on the growth and biomass production of 

cyanobacterial isolates, two photoperiods were studied which included, continuous 

illumination and 16/8 day/night regime. The experimental design included inoculation of 

0.5 ml homogenized culture in 150 ml of complete BG-11 liquid media with pH adjusted 

at 7.6. The cultures were incubated at 27±2°C with continuous illumination and 16/8 

hour day/night regime under a light intensity of 40 µE m2 s-1. After 30 days of 

incubation, growth was measured in terms of Chl-a content. The growth rates (µ day-1) 

were also measured as Chl-a content, during the exponential phase of the growth curve. 

The results showed that the biomass and specific growth rates of all the 8 cyanobacterial 

isolates increased under continuous illumination as compared with 16/8 hours day/night 

regime (Figure 3.12). Calothrix strain SI-SV gave the highest biomass production with 

mean Chl-a content of 24.55 µg ml-1 with specific growth rate of 0.56 µ day-1 (Figure 

3.13). Phormidium strain SI-SC also showed similar amounts of growth with mean Chl-a 

content of 22.87 µg ml-1 with growth rate of 0.55 µ day-1. Nostoc strain SI-SN and 

Leptolyngbya strain SI-SM closely followed up with mean Chl-a content of 23.87 and 

23.76 µg ml-1 and specific growth rates of 0.54 and 0.52 µ day-1 respectively. The 

biomass production and specific growth rates of Oscillatoria strains SI-SA, SI-SK and 

SI-SF also increased drastically under continuous light with mean Chl-a content of 

23.22, 18.54 and 18.52 µg ml-1 with specific growth rates of 0.51, 0.28 and 0.26 µ day-1 

respectively as compared with 16/8 day/night. The unicellular strain Chroococcidiopsis 

strain SI-ST also showed significant increase in its growth under continuous light with 

mean Chl-a content of 20.65 µg ml-1 with drastic increase in its specific growth rate 

measured with 0.62 µ day-1 as compared with its growth rate under 16/8 day night regime 

which was 0.32 µ day-1. It was concluded that all the 8 strains showed marked increase 

in their biomass production and growth rates under continuous light. Hence, further 

experiments were conducted under continuous light regime. 

Effect of Light Intensity on Growth 

To determine the effects of light intensity on the growth of cyanobacterial isolates, 150 

ml complete liquid BG-11 media having a pH of 7.6 was inoculated with 0.5 ml of 

homogenized cultures. The isolated strains were grown under continuous light with 

varying intensities of 20, 40, 100 and 150 µE m2 s-1 for 30 days at 25°C after which 

growth was measured in terms of mean Chl-a content. The growth rates (µ day-1) were 
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also measured as Chl-a content, during the exponential phase of the growth curve. All 

the 8 strains showed optimum growth at 40 µE m2 s-1 with slightly increased growth rates 

(Figure 3.14) (Figure 3.15 A and B). Calothrix strain SI-SV showed the highest growth 

closely followed by Leptolyngbya strain SI-SM, Nostoc strain SI-SN and Oscillatoria 

strain SI-SA with mean Chl-a content of 24.87, 24.76, 24.54 and 24.23 µg ml-1 with 

growth rates of 0.58, 0.56, 0.54 and 0.52 µ day-1 respectively. The growth of all the 

cyanobacterial isolates decreased slightly as the light intensity increased to 100 µE m2 s-1 

with the exception of unicellular Chroococcidiopsis strain SI-ST which equally 

maintained its biomass production and growth rates at both intensities of light with mean 

Chl-a content of 22.67 µg ml-1 at 40 µE m2 s-1 and 22.34 µg ml-1 at 100 µE m2 s-1, 

however its growth rate slightly decreased at 100 µE m2 s-1 with 0.30 µ day-1 as 

compared to its growth rate at 40 µE m2 s-1 which was 0.32 µ day-1. Conversely, at low 

light intensity of 20 µE m2 s-1 the growth of all the strains decreased except Nostoc strain 

SI-SN and Calothrix strain SI-SV which maintained their growth even under low light 

illuminations with mean Chl-a content of 23.56 and 21.33 µg ml-1 with growth rates of 

0.45 and 0.53 µ day-1 respectively. In all the strains the growth drastically decreased 

when the light intensity of 150 µE m2 s-1 was applied except for unicellular 

Chroococcidiopsis strain SI-ST which showed comparatively higher growth with Chl-a 

content of 20.32 µg ml-1 with specific growth rate of 0.26 µ day-1 showing its tolerance to 

high intensities of light. Conversely, this strain showed lesser growth of 14.82 µg ml-1 at 

20 µE m2 s-1 with growth rate of 0.12 µ day-1, as opposed to the rest of the strains which 

showed that it preferred slightly higher intensities of light. Out of all the strains 

Phormidium strain SI-SC was the least tolerant to high intensity of light with Chl-a 

content of 2.32 µg ml-1 at 150 µE m2 s-1, whereas, the least tolerant to very low intensity 

of light was Chroococcidiopsis strain SI-ST. In general the isolated strains mostly 

preferred low intensities of light at or around 40 µE m2 s-1. 

Effect of different Concentrations of Nitrogen, Phosphorus and Iron on Growth of 

Cyanobacteria 

To study the effect of various concentrations of nitrate, phosphate, iron, BG-11 liquid 

media was modified  with varying concentrations (0, 0.5, 1.0, 1.5, 2.0 and 2.5 g L-1) of 

NaNO3, (0, 0.02, 0.04, 0.06, 0.08 and 0.1 g L-1) of K2HPO4 and (0, 6, 12, 18, 24 and 30 

mg L-1) of ferric ammonium and dispensed in 250 ml wide neck flasks with pH of 7.6 

(for strains SI-SA, SI-SF, SI-SK, SI-SC and SI-ST) and pH of 8.0 (for strains SI-SN, SI- 
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Figure 3.12:  Effect of photoperiod on cyanobacterial growth in terms of Chl-a content. The 

error bars represent the mean ± SEM of three technical replicates. 

 

 

 

Figure 3.13:   Specific growth rates of cyanobacterial strains in terms of Chl-a content at 

different photoperiods. The error bars represent the mean ± SEM of three technical replicates. 
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Figure 3.14:  Effect of different light intensities on cyanobacterial growth in terms of Chl-a 

content. The error bars represent the mean ± SEM of three technical replicates. 

(A)  

 

(B)   

Figure 3.15 (a and b):   Specific growth rates of cyanobacterial strains in terms of Chl-a content 

at various light intensities. The error bars represent the mean ± SEM of three technical replicates. 
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SV and SI-SM). The media were inoculated with 0.5 ml of exponentially growing 

homogenized cultures which were grown under continuous light of 40 µE m2 s-1 for 30 

days  at 25°C (for strains SI-SN, SI-SV, SI-SM and SI-SC) and 30°C (for strains SI-SA, 

SI-SF, SI-SK and SI-ST). The results showed that the strains grew best at concentrations 

of 1.5 and 0.04 g L-1 of NaNO3 and K2HPO4 respectively and 6 mg L-1 of ferric 

ammonium citrate. Calothrix strain SI-SV showed the highest growth closely followed 

by Leptolyngbya strain SI-SM, Nostoc strain SI-SN and Oscillatoria strain SI-SA with 

mean chl-a content of 24.87, 24.76, 24.54 and 24.23 µg ml-1 (Figure 3.16 a, b and c) and 

growth rates of 0.58, 0.56, 0.54 and 0.52 µ day-1 respectively (Figure 3.16 d, e and f). 

Interestingly, apart from strains SI-SF and SI-SC, all the strains also showed growth 

without nitrogen with the highest growth of 21.33 and 20.67 µg ml-1 shown by 

heterocystous strains SI-SN and SI-SV respectively. Conversely, at higher concentrations 

of sodium nitrate, all the strains showed decrease in their growth and specific growth 

rates. In case of absence of K2HPO4 and ferric ammonium citrate all the strains showed 

less growth with decreased specific growth rates. Similarly, at higher concentrations of 

K2HPO4 and ferric ammonium citrate, the growth of all the strains again decreased. 

Overall the strains preferred low to moderate levels of nitrogen, potassium and iron.     

Growth Patterns of Cyanobacterial Isolates under Optimized Conditions 

To monitor the growth curves of cyanobacterial isolates under optimized conditions, 0.5 

ml of homogenized cultures were inoculated in 150 ml of complete BG-11 liquid media 

dispensed in 250 ml wide neck flasks, with pH of 7.6 (for strains SI-SA, SI-SF, SI-SK, 

SI-SC and SI-ST) and pH of 8.0 (for strains SI-SN, SI-SV and SI-SM) under continuous 

light of 40 µE m2 s-1 for 8 weeks at 25°C (for strains SI-SN, SI-SV, SI-SM and SI-SC) 

and 30°C (for strains SI-SA, SI-SF, SI-SK and SI-ST) . The cultures were rotated at low 

speed of 50 rpm. The growth was observed by measuring Chl-a content after every week 

and the specific growth rates of the isolates in terms of Chl-a content were measured 

during the exponential phase of the growth curve. It was observed that after 1 week of 

incubation, all the 8 strains entered their exponential phase which lasted until 5 weeks 

except for filamentous non-heterocystous Oscillatoria strain SI-SF, Oscillatoria strain SI-

SK and unicellular Chroococcidiopsis strain SI-ST, which were still in their exponential 

phase even after 5 and 6 weeks (Figure 3.17). The highest growth and biomass 

production was achieved by Calothrix strain SI-SV closely followed by Leptolyngbya
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Figure 3.16 (a):   Effect of nitrogen concentration as NaNO3 on cyanobacterial growth in 

terms of Chl-a content. The error bars represent mean ± SEM of three technical replicates. 

 

Figure 3.16 (b):   Effect of phosphate concentration as K2HPO4 on cyanobacterial growth 

in terms of Chl-a content. The error bars represent mean ± SEM of three technical replicates. 

 

 

Figure 3.16 (c):  Effect of iron concentration as ferric ammonium citrate on 

cyanobacterial growth in terms of Chl-a content. The error bars represent mean ± SEM of three 

technical replicates. 

0

5

10

15

20

25

30

SI-SA SI-SF SI-ST SI-SM SI-SV SI-SN SI-SK SI-SC

C
h

l-
a 

µ
 g

 m
l-1

0 g/L 0.5 g/L 1 g/L 1.5 g/L 2 g/L 2.5 g/L

0

5

10

15

20

25

30

SI-SA SI-SF SI-ST SI-SM SI-SV SI-SN SI-SK SI-SC

C
h

l-
a 

µ
g 

m
l-1

0 g/L 0.02 g/L 0.04 g/L 0.06 g/L 0.08 g/L 0.1 g/L

0

5

10

15

20

25

30

SI-SA SI-SF SI-ST SI-SM SI-SV SI-SN SI-SK SI-SC

C
h

l-
a 

µ
g 

m
l-1

0 mg/L 6 mg/L 12 mg/L 18 mg/L 24 mg/L 30 mg/L



Isolation and Characterization of Cyanobacterial Strains Chapter 03 
 

113 
 

 

 

Figure 3.16 (d):   Effect of nitrogen concentration as NaNO3 on cyanobacterial specific 

growth rates µg day-1. The error bars represent mean ± SEM of three technical replicates. 

 

 

Figure 3.16 (e):   Effect of phosphate concentration as K2HPO4 on cyanobacterial specific 

growth rates µg day-1. The error bars represent mean ± SEM of three technical replicates. 

 

 

Figure 3.16 (f):   Effect of iron concentration as ferric ammonium citrate on 

cyanobacterial specific growth rates µg day-1. The error bars represent mean ± SEM of three 

technical replicates. 
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strain SI-SM, Phormidium strain SI-SC, Nostoc strain SI-SN and Oscillatoria strain SI-

SA with mean chl-a content of 28.84, 28.78, 27.98, 26.97 and 26.77 µg ml-1 having 

specific growth rates of 0.32, 0.28 and 0.26 µ day-1 were shown by unicellular 

Chroococcidiopsis strain SI-ST and large Oscillatoria strains, SI-SK and SI-SF 

respectively. Out of all the 8 strains filamentous non-heterocystous Oscillatoria strains 

SI-SF showed the slowest growth whereas the fastest growth was shown by filamentous 

heterocystous Calothrix strain SI-SV under optimized conditions.  

Salt Tolerant Potential of Cyanobacterial Isolates under Optimized Conditions 

The salt tolerant potential of cyanobacterial isolates was measured by inoculating 0.5 ml 

of homogenized biomass in 150 ml of liquid BG-11 media supplemented with varying 

concentrations (0.01, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8 and 1 M) of NaCl. The pH of the media 

was adjusted at 7.6 for strains and then the cultures were incubated under continuous 

light of 40 µE m2 s-1 for 30 days at 27 ± 2°C.  The cultures were also rotated at low speed 

of 50 rpm. The growth was observed by measuring Chl-a content whereas the specific 

growth rate (µ day-1) was measured as Chl-a content taken during exponential phase of 

the growth curve. The results showed that the isolated cyanobacterial strains tolerated 

increasing salt concentrations efficiently however the general trend seen in all the strains 

indicated that the Chl-a content decreased with increasing salinity (Figure 3.18). 

Oscillatoria strains SI-SA, SI-SF and SI-SK showed highest growth at 0.01M NaCl with 

mean Chl-a content of 24.23, 18.65 and 16.11 µg ml-1 showing specific growth rates of 

0.87, 0.42 and 0.53 respectively. In Oscillatoria strains SI-SA and SI-SF, it was seen that 

the Chl-a content decreased with increasing salinity to 4.87 and -1.33 µg ml-1 along with 

their specific growth rates which became negligible to 0.01 and 0.02 µ day-1 at 0.8M salt 

concentration. In Oscillatoria strain SI-SK the Chl-a content decreased drastically at 0.4 

M salt with Chl-a content of 0.43 µg ml-1 and specific growth rate of 0.06 µ day-1.   

Interestingly, it was also seen that at high salt concentrations starting from 0.6 M NaCl, 

Oscillatoria strains SI-SF and SI-SK produced intracellular pink pigment turning the 

biomass green to pink. The rest of the 5 strains showed considerable tolerance to high 

salt stress since their biomass retained their green colour even at 0.8 M NaCl 

concentration. Moreover, it was seen that the growth of filamentous non-heterocystous 

Phormidium strain SI-SC, filamentous heterocystous Nostoc strain SI-SN and Calothrix 

strain SI-SV and unicellular Chroococcidiopsis strain SI-ST increased with increasing 

salinity till 0.1M salt concentration at which the mean Chl-a content was recorded as
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Figure 3.17:   Growth curves of Cyanobacterial Isolates measured in terms of Chl-a content under 

optimized conditions. The error bars represent the mean ± SEM of three technical replicates.  

µ = Specific growth rate per day measured during exponential phase. 
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24.12, 23.98, 24.78 and 23.98 µg ml-1 with increased specific growth rates of 1.34, 1.24, 

1.02 and 0.89 µ day-1 respectively. However, after 0.1M salinity gradual decline in 

growth rates and biomass production which became negligible at 0.8M salinity in case of 

filamentous heterocystous strains Nostoc strain SI-SN and Calothrix strain SI-SV. 

Whereas, the growth of Phormidium strain SI-SC became negligible at 1M salinity. 

Similarly, the growth of filamentous non-heterocystous Leptolyngbya strain SI-SM also 

increased with increasing salinity, however, it showed maximum growth at 0.05M 

salinity with mean Chl-a content of 24.32 µg ml-1 having specific growth rate of 0.98 µ 

day-1. At higher salinity, the growth of Leptolyngbya strain SI-SM gradually decreased as 

the salinity increased and became negligible at 0.8M salinity with mean Chl-a content of 

4.54 and very low specific growth rate of 0.07. Interestingly, the unicellular 

Chroococcidiopsis strain SI-ST showed a little growth even at 1M salinity with mean 

Chl-a content of 8.98 µg ml-1 and specific growth rate of 0.12 µ day-1, whereas the 

biomass of all the other strains turned white with no indication of any pigment 

production. The results showed that the isolated strains were halotolerant instead of 

halophilic and that the most halotolerant of the 8 isolated strained proved to be 

unicellular Chroococcidiopsis strain SI-ST closely followed by Phormidium strain SI-

SC. Furthermore, it was also concluded that in the presence of low salt concentration 

below 0.1M the biomass production and specific growth rates of all the strains increased 

considerably, although, Oscillatoria strains SI-SA, SI-SF and SI-SK did not responded 

well to salinity regime. A compilation of growth profiles of 8 isolated cyanobacterial 

strains are given in Figure 3.18.    

Discussion 

In the past, the economic importance of cyanobacteria was limited to their use in 

agriculture as bio-fertilizers, since they have the natural capacity to fix atmospheric 

nitrogen (Kumar et al., 2015; Priyadarshani and Rath, 2012; Vaishampayan et al., 2001). 

However, recent advancements in biotechnological fields have revealed much more from 

these blue-green microbes which include both beneficial and harmful aspects (Sharma et 

al., 2013). So in order to study these aspects, cyanobacteria were isolated from various 

sites where their growth was evident. These sites included two polluted and two 

unpolluted environments. 

Most of the cyanobacterial strains were successfully isolated from a polluted Kallar 

Kahar salt lake. This lake is a permanent saline/brackish lake situated in the salt ranges
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Figure 3.18:   Salt tolerance potential and specific growth rates (µ day -1) of cyanobacterial isolates  

in terms of Chl-a content. The error bars represent the mean ± SEM of three technical replicates.  
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Figure 3.19:   Optimized growth profiles of 8 isolated cyanobacterial strains. N, P, I: nitrogen, 

phosphorus, and iron, SGR: specific growth rate. 

 

 

SI-SA

• pH: 7.6, Temperature: 30ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 10 mM, Salt 
Tolerance upto:    10 mM, SGR: 0.60 µ day-1 

SI-SF

• pH: 7.6, Temperature: 30ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 10 mM, Salt 
Tolerance upto: 10 mM, SGR: 0.28 µ day-1 

SI-SK

• pH: 7.6, Temperature: 30ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 10 mM, Salt 
Tolerance upto: 10 mM, SGR: 0.31 µ day-1 

SI-SM

• pH: 8.0 , Temperature: 25ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 50 mM, Salt 
Tolerance upto: 0.8M, SGR: 0.63 µ day-1 

SI-SC

• pH: 7.6, Temperature: 25ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 100 mM, Salt 
Tolerance upto: 1 M, SGR: 0.69 µ day-1 

SI-SN

• pH: 8.0 , Temperature: 25ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 100 mM, Salt 
Tolerance upto: 0.8M, SGR: 0.65 µ day-1 

SI-SV

• pH: 8.0 , Temperature: 25ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 100 mM, Salt 
Tolerance upto: 0.8M, SGR: 0.68 µ day-1 

SI-ST

• pH: 7.6 , Temperature: 30ºC, Photoperiod: continues, Light intensity: 40 
µE m-2 s-1, N,P,I:  1.5, 0.04 (g/l), 6 mg/l, Salt requirement: 100 mM, Salt 
Tolerance upto: 1 M, SGR: 0.49 µ day-1 
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in the district of Chakwal, Punjab, Pakistan. Kallar Kahar is located 135 kilometers 

south-west of federal capital Islamabad. It is a major tourist attraction site due to its 

natural beautiful gardens, Peacocks and the salt water lake. It is also famous for the 

shrine of the holy saint Hu-Bahu and the garden of Bagh-e-Safa constructed by the 

Mughal king Babar. Due to increase amount of anthropogenic activities from the locals 

as well as from the tourists, this lake has become much polluted with sewage water 

having high concentration of coliforms (324 CFU/10ml) (Ullah et al., 2012). 

Furthermore, the lake is also heavily contaminated with salts of alkali and heavy metals 

including: sodium, potassium, magnesium, nickel, iron, cobalt, copper, cadmium, lead 

and zinc (Iqbal et al., 2006) which are the essential elements for the growth of both 

eukaryotic and prokaryotic phytoplanktons making this site an ideal habitat for these 

microbes (Munir et al., 2013). The sampling was done from different locations of the 

lake in spring and monsoon seasons as the lake faces different seasons when the diversity 

and consistency of the blooms change with the change in light intensity, temperature, 

pH, salinity and nutrient conditions (Gan et al., 2015). The samples were divided into 

three parts (A, B and C) depending on the collection sites and seasons (Table 3.1). The 

temperature and pH of the lake increased in the monsoon season when it was observed 

that the blooms on the water surface were absent however, the lake appeared green in 

color (Figure 3.2 C)  indicating the presence of dispersed growth of phytoplanktons. 

Unicellular strains of cyanobacteria and diatoms were present in abundance. The 

cyanobacterial growth was also seen along the borders of the lake away from the water 

(Figure 3.2 B). The average temperature and pH of the lake during sampling was 25-

28°C and 7.6 to 8.6 respectively with high salinity of EC 24.12 ds m-1 during monsoon 

which decreased in spring to 22.63 ds m-1. The lake included filamentous heterocystous, 

non-heterocystous, unicellular cyanobacterial species along with higher diversities of 

eukaryotic algae and diatoms. The visible bright green bloom evident in Figure 3.2 (A) 

was the bloom of eukaryotic algae. The cyanobacterial colonies were seen floating along 

the filaments of this bloom growing along the green algae.  

The other polluted site included a domestic sewage drain in the resident colony of a 

phosphate fertilizer factory where the growth was evident as a thick mat (Figure 3.2 D). 

The temperature was around 30-35°C and the pH of the effluent was around 7.8 (Table 

3.1) with EC of 1.8 ds m-1. Fertilizer is problematic to deal with since it is a type of non-

point source pollution. It is considered as a pollutant because it can dissolve in ground 

water, contaminating freshwater and marine ecosystems. The nutrients, nitrogen and 



Isolation and Characterization of Cyanobacterial Strains Chapter 03 
 

120 
  

phosphorus present in fertilizers, are beneficial for the growth of both crops and algae 

(Savci, 2012). When algae are present in abundance they cause eutrophication of the 

lakes where they deplete the dissolve oxygen killing the fish and other aquatic animals. 

Furthermore some algal species at some point becomes extremely toxic by producing 

very potent toxins that can kill fish, aquatic animals, birds and mammals and cause 

health problems for humans when ingested through drinking contaminated water or food 

(Zhang and Zhang, 2015). 

The unpolluted site included water leaking from Khewra salt mine drain. Khewra salt 

mines are the oldest and the second largest in the world dating back to its discovery by 

Alexander’s army in 320 BC (Baloch et al. 2012). The average temperature of the salt 

water puddle ranged from 20-26°C with pH of 7.4 having EC of 27.38 ds m-1. 

Cyanobacteria naturally flourish in salty water, however, they are mostly halotolerant 

instead of halophilic and can withstand salinity as high as 3-4 molar mass (Whitton and 

Potts, 2012). The other unpolluted site included garden soil of potted Aloe vera plant. 

Soil is a natural habitat of some cyanobacteria that take part in the fixation of 

atmospheric nitrogen by binding with the soil particles (Shariatmadari et al., 2013). They 

also release essential micronutrients like vitamins, amino acids, sugars, phytohormones 

which are beneficial for plant growth (Ahmed et al., 2014; Singh, 2014). The average 

temperature at the time of collection was around 31-37°C with pH of soil around 7.6 

having an EC of 1.6 ds m-1.  

The isolation of cyanobacteria was accomplished by using different culture media 

including BG-11 media, BB media and Zarrouk’s media as mentioned previously; 

however majority of the strains preferred BG-11 media where enriched growth was seen 

with high diversity of isolated colonies. There were also some cyanobacterial colonies 

seen growing on BB media however when they were transferred to BG-11 media they 

were able to grow efficiently on this media as well. This showed that the isolates 

required simple inorganic nutrients for their growth without the need for extra 

supplements whereas some cyanobacteria also required little amount of salt for growth 

however, cyanobacterial strains living in and around the brackish lake and the salt mine 

had great tolerance for high pH and fluctuating salinity. It has been reported that BG-11 

media is the best media for most cyanobacterial species and they respond well to the 

nutrients present in this medium (Nehul, 2014). Hence for this study BG-11 media was 

selected. The isolation and purification of cyanobacteria from natural environment is a 

difficult, time consuming and multi-step process because they are always present in 
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association with other organisms and the samples often need to be sieved or filtered to 

remove nematodes and protozoa which feed on them (Andersen and Kawachi, 2005). 

The samples were plated on solid BG-11 media and then incubated for 20-30 days as 

some strains took longer to grow properly. The unicellular and filamentous strains were 

isolated separately by applying different methodologies to them. As unicellular 

cyanobacteria grew just like heterotrophic bacteria, they were streaked on solid media 

several times until a single pure colony was obtained. On the other hand, filamentous 

strains were purified by exploiting their ability to move on the solid surface of the media. 

This was done by pursuing the single filament emerging from the inoculated biomass in 

the center of the plate by observing it under the inverted microscope (10X objective), 

until it was seen solitary in the field. This method is quite harmless and interesting as it 

does not require the addition of harmful antimicrobial drugs in the culture media to stop 

other organisms from growing. Furthermore, this method is also helpful in separating 

more than one strain of cyanobacteria growing together which are hard to separate 

(Waterbury, 2006). After the purification of cyanobacteria, the major concern left behind 

was to eliminate other prokaryotes and fungi to obtain axenic cultures. This was done by 

adding antibiotics like kanamycin and cycloheximide which stopped their growth 

without harming cyanobacteria.   Thirteen strains of cyanobacteria were isolated from six 

samples (Table 3.1) out of which majority of the strains were filamentous (77%) (Figure 

3.18 A) and non-heterocystous (85%) (Figure 3.18 B). Most of the strains were isolated 

from Kallar Kahar salt lake (61%), followed by sewage drain (23%), mine drain (8%) 

and garden soil (8%) (Figure 3.18 C). The strains were sorted on the basis of their mode 

of growth in the natural environment. Out of thirteen, two were floating (15%), three 

were dispersed (23%) and eight were attached to the substrate (62%) (Figure 3.18 D). 

Only eight strains were selected out of thirteen for further study because five of the 

strains were similar in morphology to the already selected strains and two unicellular 

strains died under laboratory conditions as some cyanobacteria require strict nutrient and 

physiological conditions for growth. Conversely, it might also be possible that the 

cultures were infected with cyanophages (Xia et al., 2013), while not much is known 

about their route of infection (Kehr and Dittmann, 2015).   

The isolated and purified cyanobacterial strains were then characterized 

morphologically. Cyanobacteria, as other bacteria, have great diversity in shapes and 

sizes. However, prevalent shapes found in the natural environment are the spherical, rod 

and spiral (Singh and Montgomery, 2011). Some filamentous cyanobacteria show cell 
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differentiation pattern including a nitrogen-fixing heterocysts, motile hormogonia and 

large spores called akinetes. Currently, cyanobacteria are divided into five subsections 

(Garcia-Pichel, 2009; Castenholz, 2001; Rippka et al., 1979) based on their morphology 

and reproduction patterns. Section I and II includes unicellular species that reproduce by 

binary and multiple fissions respectively. Section III entirely consists of non-

heterocystous cyanobacteria whereas, Section IV and V consist of heterocystous species 

which include unbranched and branched cyanobacteria respectively. Out of eight 

selected strains only one strain SI-ST belonged to subsection II and was assigned to 

genus Chroococcidiopsis as it reproduced by forming baeocytes with multiple fission 

which leads to irregular arrangements of the cells (Figure 3.4 Ha and Hb) (Figure 3.5 H). 

The strain was able to grow in nitrogen deficient media. Chroococcidiopsis is an 

ecologically interesting genus as it usually inhabits extreme environments including low 

and high temperature conditions, resistance to ionizing radiations, low water activity, 

high salinity and low and high pH (McKay, 2014). Due to its extremophilic nature, 

scientists are eager to introduce Chroococcidiopsis into Martian space in order to attain 

aerobic environment (Cockel et al., 2011). Five strains belonged to subsection III out of 

which three strains (SI-SA, SI-SF and SI-SK) were assigned to genus Oscillatoria since 

they had wavy and straight motile trichomes with closed sheaths and presence of 

calyptra. These strains also produce hormogonia in which the trichomes break into small 

pieces, characteristic of Oscillatoria. However, strains SI-SA and SI-SF were unusual in 

their morphology due to their wavy appearance as Oscillatoria trichomes usually have 

straight or spiral shapes but rarely wavy at regular intervals (Figure 3.5 A and B) 

(Komárek and Hauer, 2013). Strain SI-SM was assigned to genus Leptolyngbya due to its 

thin, hair like trichomes with sheaths opened at the apical ends (Figure 3.5 D). The strain 

was able to grow in nitrogen deficient media. Strain SI-SC was identified as Phormidium 

since it had long trichomes with attenuated apical ends that were motile and covered with 

firm sheaths. The strains SI-SN and SI-SV belonged to the subsection IV as they were 

both heterocystous. SI-SN was assigned to genus Nostoc due to its intercalary 

heterocysts and motile hormogonia which produced heterocysts on both ends. SI-SV was 

assigned to genus Calothrix since it had tapering trichomes with basal heterocysts. Both 

of the strains did not have branched filaments. Both of the strains were also able to grow 

in nitrogen depleted media. All the strains also had gas vesicles except for strain SI-ST. 

Gas vesicles are mostly present in planktonic microbes where they provide buoyancy to 
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(B)  
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Figure 3.20:  Sorting of cyanobacterial samples from different habitats. (A). Types of 

strains. (B). Presence and absence of heterocysts. (C). Percentage of isolates from each sample 

site. (D). Growth pattern of the isolates and their number in the sampling site.  
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them. All the strains were seen floating on the surface of the culture media except for 

unicellular strain SI-ST which sank down at the bottom of the flask. 

Cyanobacteria can be found in various colours including: green, blue-green, red, brown, 

purple and even black. These characteristic colours are due to the presence of different 

types of pigments and their abundance and ratio in the cell. These pigments are light 

harvesting compounds that have intrinsic ability to fluoresce. Primary autoflourescent 

pigments used to characterise cyanobacteria are the chlorophyll-a and phycobiliproteins 

(phycocyanin, allophycocyanin and phycoerythrin). Carotenoids are not generally 

autoflourescent, however they do absorb and transfer light energy to chl-a (Li et al., 

2012). Similarly, chlorophyll-b and c are also not autoflourescent but like carotenoid 

absorb and transfer energy to chl-a. Epi-fluorescent microscopy is a good technique to 

characterize cyanobacteria on the basis of these pigments. It does not tell much about the 

morphology and internal structures but it gives much information on the cell type, cell 

shape, cell size and health status of the cells (Zamyadi et al., 2012). It is also helpful in 

monitoring contaminating eukaryotic algae from cyanobacterial cultures as in eukaryotic 

cell the chlorophyll is located in distinct compartments called chloroplasts whereas in 

cyanobacteria it is homogenously present throughout the cell. Depending upon the 

dominant photopigment, cyanobacteria fluoresce brightly under either violet-blue or 

green-yellow excitation filter sets. Chl-a is present universally in all cyanobacteria and 

most strongly excited with violet-blue (420-440 nm) wavelengths which gives deep 

orange-red fluorescence at 670-690 nm. Whereas, C-phycocyanin and C-

allophycocyanin absorb light in orange-red wavelength of 620-650 nm and overlap their 

crimson-red fluorescence at 640-660 nm. On the other hand the absorption and emission 

maxima of C-phycoerythrin greatly depend on the type of chromophore attached to the 

biliprotein. Phycoerythrin that contains both phycourobilin (PUB) and Phycoerythrobilin 

(PEB) chromophores is classified as type I CPE which has two absorption maxima at 

490-500 nm and 540-565 nm, while type II CPE has only PEB chromophore with 

absorption maximum at 540-565 nm (Scanlan, 2012). Both phycoerythrin types usually 

absorb green light and fluoresce yellow-orange at 550-580 nm. Conversely, type I CPE 

also absorbs blue light. Keeping in mind these interesting properties cyanobacteria can 

be characterized on the basis of their pigments. Two excitation filter sets have been 

recommended for this. Violet-blue (400-500 nm) excitation filter for the excitation of 

chl-a and type I CPE and green-yellow (520-560 nm) excitation filter for phycocyanins 

and type II CPE (Schulze et al., 2013; MacIsaac and Stockner, 1993). All the selected 
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strains showed presence of high amount of chl-a and phycocyanin in equal amounts, 

giving intense red-orange fluorescence under both excitation filters (Figure 3.6 and 3.7), 

making them the dominant photopigments in the cells. Only strain SI-SN showed very 

little chl-a in contrast to large amounts of C-phycoerythrin giving intense yellow-orange 

fluorescence when excited with green-yellow filter characterizing it as type II CPE 

(Figure 3.6) with no traces of type I CPE. Due to this pigment, this strain also appeared 

red-brown in color as opposed to its signature blue-green appearance (Figure 3.4 F). The 

fluorescence of all the photopigments were seen throughout the cell, proving them 

prokaryotes. 

Cyanobacteria have adroit physiology with vast ecological tolerance which makes them 

successful in inhabiting broad spectrum of environmental niches including both 

planktonic and benthic environments (Kulasooriya, 2011). However, to grow 

cyanobacteria under laboratory conditions as pure cultures is extremely difficult (Oren, 

2014). Despite the simple composition of the culture media, some cyanobacteria do not 

either grow or grow very slowly in axenic cultures. Furthermore, some species of 

cyanobacteria require the presence of other microbes for their growth (Oren, 2014). 

Physiological factors are the key parameters which are essential for the optimum growth 

and cellular processes of cyanobacteria. The optimum growth requirement is acquired 

when all the physiological factors support the maximum biomass production of 

cyanobacteria. For cyanobacteria to grow efficiently under laboratory conditions, it is 

necessary to optimize their culturing conditions. This can be done by measuring the 

growth of cyanobacteria under different physiological conditions. There are several ways 

to measure the growth of cyanobacteria such as measuring optical density of the culture 

at 730 nm (Myers et al., 2013), dry weight, total protein content, total carbon content and 

total Chl-a content  (Gjlme et al., 2009; Wood et al., 2005). In this study, the growth of 

the isolated strains was measured in terms of total Chl-a content (µg ml-1) as it is the 

widely used method for measuring cyanobacterial growth. Furthermore, specific growth 

rates (µ day-1) were also mathematically calculated from Chl-a content to optimize the 

cultures under various physiological condition. The physiological factors studied, 

included; pH, temperature, photoperiod, light intensity, time duration and salinity.  

The growth of cyanobacteria is strongly affected with the change in pH of the culturing 

media. In the present study, all the strains grew efficiently at pH between 7 and 8 with 

some considerable growth also seen at pH 9. However, the growth drastically decreased 
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when low pH of 5 was provided to the strains except for the unicellular and filamentous 

strains SI-ST and SI-SC respectively, which tolerated low pH as well. It was also seen 

that these two strains had great tolerance for wide range of pH although their optimum 

growth occurred at nutral pH of 7. The heterocystous strains SI-SV and SI-SN on the 

other hand were seen efficiently growing at slightly higher pH around 8. Whereas, the 

Oscillatoria strains SI-SA, SI-SF and SI-SK grew best at neutral pH. These results are in 

accordance with study conducted by Rai and Rajashekhar, (2014) who also showed that 

six cyanobacterial species isolated from Arabian Sea coast preferred neutral to alkaline 

pH with temperature preference between 20°C and 30°C. Despite their tolerance for 

wide range of pH, cyanobacteria are mostly found thriving in environment having neutral 

to slightly alkaline pH (Sarma, 2012b). Like pH, temperature also greatly influences the 

growth of cyanobacteria. In the current study the isolated strains grew best at 25°C. 

However, unicellular strain SI-ST and Oscillatoria strains SI-SA, SI-SF and SI-SK 

preferred slightly higher temperature around 30°C. When provided with 18°C 

temperature, the growth of all the strains drastically decreased except for Phormidium 

strain SI-SC. Esson et al. (2011) also showed Phormidium autumnale and Phormidium 

murrayi growing at low temperature of 18°C. Although cyanobacteria can be found 

growing in vast ranges of temperature, but most of them are mesophilic and have growth 

optima between 20-35°C (Waterbury, 2006). Since cyanobacteria are phototrophic in 

nature, they are constantly exposed to light energy. Cyanobacteria show circadian 

rhythms which are manifested in their cellular processes, gene activity and physiological 

behaviors (Gao et al., 2007). Circadian rhythm is the time required to complete one cycle 

of any behavior (Anderson and Kawachi, 2005). Furthermore, an entrained circadian 

rhythm, in which a period is synchronized with the environmental light/dark cycles 

occurs in exactly 24 hours, whereas, free running rhythm occurs in continuous light 

cycles in which a period oscillate from 23 to 25 hours (Van Alphen and Hellingwerf, 

2015;  Carneiro et al., 2009). In the current study two aspects of light were studied for 

the growth of cyanobacterial isolates which included photoperiod (continuous light and 

16/8 hours light/dark period) and light intensities.  It was shown that continuous light 

regime was a good measure for the increased production of biomass for the isolated 

strains instead of 16/8 hour light/dark regime; however, for continuous supply of light, it 

is important to keep in mind the selection of right intensity of light. This is important 

because despite having a circadian rhythm, most cyanobacteria are sensitive to longer 

period of high intensity light which leads to photo-bleaching which cause severe adverse 
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effects on cellular structures and physiology of cyanobacteria. Light intensity plays 

important role in the production and composition of photopigments. Most cyanobacteria 

thrive in shady environments with efficient mechanisms to counteract harmful solar 

radiations (Whitton and Potts, 2012). The isolated strains were grown under varying 

intensities of light and it was seen that all the strains preferred low intensity of light 

around 40 µE m-2 s-1. The growth was seen inversely proportional to the intensity of light 

and the growth drastically decreased at light intensity of 150 µE m-2 s-1 except for 

Chroococcidiopsis strain SI-ST which showed tolerance to high light intensity. 

Conversely, phycoerythrin rich Nostoc strain SI-SN maintained high growth rate even at 

20 µE m-2 s-1. These results are in accordance with the study done by De Oliviera et al. 

2014 who also showed highest biomass yield at 40 µE m-2 s-1. Out of all the strains 

unicellular Chroococcidiopsis strain SI-ST showed great tolerance to wide range of 

different physiological conditions. Various studies have been done that showed that low 

or intermediate intensities of light are best in achieving optimized growth of 

cyanobacteria however; each cyanobacterial strain has its own set of physiological 

requirements and thus must be identified firstly to achieve their optimum growth by 

studying their growth response curves (De Oliviera et al., 2014). 

Cyanobacterial growth in natural environments greatly depends on concentration of 

nitrogen, phosphorus and iron (Ward et al., 2013). The isolated strains showed high 

growth in terms of chl-a at moderate amounts of nitrate. In the absence of nitrogen the 

highest growth was shown by heterocystous strains SI-SN and SI-SV however at higher 

concentrations their growth decreased significantly. It has been shown in a study by 

(Ernst et al., 2005) that nitrate rich environment can suppress the growth of 

heterocystous, nitrogen fixing cyanobacteria. Furthermore, the strains also showed 

highest growth at moderate amounts of potassium and iron whereas higher and lower 

concentrations suppressed their growth. Potassium and iron are necessary for the growth 

of cyanobacteria especially the nitrogen fixing species as they are involve in nitrogen 

assimilation (Ernst et al., 2005). Similarly, Garcia et al., (2015) had shown that low 

nitrogen, iron and potassium concentrations greatly favor growth of fresh and salty water 

cyanobacteria. 

To investigate the growth curves of the isolates, the strains were grown for 8 weeks as 

some species took longer to grow. All the strains reached their stationary phase after 5th 

week except for Oscillatoria strains SI-SK and SI-SF which grew slowly and reached 



Isolation and Characterization of Cyanobacterial Strains Chapter 03 
 

128 
  

their stationary phase after 6th and 7th week respectively. Chroococcidiopsis strain SI-ST 

also grew slowly and until 6th week. All the other strains grew comparatively faster with 

high specific growth rates ranging from 0.26 to 0.58 µ day -1 in Oscillatoria sp. SI-SF and 

Calothrix sp. SI-SV respectively under optimized conditions. Cyanobacteria usually have 

longer incubation periods and once they enter their stationary phase they can maintain 

their growth for several months under optimized conditions. Cyanobacterial strains can 

represent wide range of growth rates (Carr and Whitton, 1982), although the parameters 

responsible for the maximal growth rates of cyanobacteria are not well understood, 

however it is evident from various studies that autotrophic growth tends to be always 

slower than heterotrophic growth (Burnap, 2015). Faster growth rates of cyanobacterial 

strains can be achieved with doubling time of 3-6 hours under optimized conditions 

(Ludwig and Bryant, 2011). Conversely, most cyanobacteria have doubling time once 

per day (Carr and Whitton, 1982).  

The salinity plays major role in the growth and physiology of cyanobacteria. 

Cyanobacteria often thrive in extreme environments and this directly reflects their ability 

to tolerate both natural and anthropogenic stress factors, although the extent of salt 

tolerance also greatly depends upon the species of cyanobacteria. Salt stress in 

cyanobacteria alters the metabolic pathways which promote the production of secondary 

metabolites which include compatible solutes, phenolic compounds, pigments, toxins 

and other biologically active compounds (Shalaby et al., 2010). In this study, the effect 

of salt on the 8 isolated strains was monitored. It was seen that in all of the strains, the 

specific growth rates increased in the presence of low concentration of salt around 0.05 

and 0.1 M NaCl concentration which ranged from 0.28 to 0.69 in Oscillatoria sp. SI-SF 

and Phormidium sp. SI-SC, however at higher concentration of salt, the growth 

drastically decreased and at 1 M NaCl complete inhibition of growth rates occur with 

complete bleaching of chlorophyll-a except for unicellular Chroococcidiopsis strain SI-

ST and filamentous non-heterocystous Phormidium strain SI-SC which maintained their 

chlorophyll-a contents despite the fact that their growth rates decreased significantly. 

This may directly reflect their salt adaptability as both of these strains were isolated from 

saline environments. Similar results were shown by Mutawie, 2015 where Spirulina 

platensis also showed improved growth at 0.1 M NaCl supplementation, however like 

the current study, the growth drastically decreased at higher salt concentrations. 

Heterocystous isolates Calothrix strain SI-SV and Nostoc strain SI-SN also showed salt 
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tolerance up to 0.8M. Sand-Jensen and Jespersen, (2012) also showed high salt tolerance 

ability of Nostoc commune. Furthermore most of the strains also tolerated salinity values 

till 0.8M to some extent. On the other hand, two Oscillatoria strains SI-SF and SI-SK 

were greatly affected by salt stress and even produced unknown pink pigment at high 

concentration of salt. Naggar et al., (2005) showed adverse effect of salt on 

cyanobacterial growth that caused decrease in protein content, nitrogenase activity, 

amino acid biosynthesis and nucleic acid. The study showed that the out of 8 isolated 

strains 5 strains required a little amount of salt for their growth, whereas 3 strains (SI-

SA, SI-SF and SI-SK) belonging to genus Oscillatoria were not salt tolerant.     
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CHAPTER: 04 

MOLECULAR IDENTIFICATION AND 

PHYLOGENETIC ANALYSIS 

Cyanobacteria  are the most difficult and challenging group of eubacteria to identify and 

classify due to the fact that they are the most ancient group of living organisms on earth 

having morphological features very similar to some of their fossilized representatives 

(Komarek et al., 2014; Knoll, 2008; Schopf, 1974). Cyanobacteria are monophyletic in 

nature but they possess great morphological and physiological diversity with 150 genera 

and 2000 species discovered so far (Schirrmeister et al., 2013; Latysheva et al., 2012). 

Traditionally, cyanobacteria have been classified into five subsections on the basis of 

their morphological (cell size, shape, sheath, motility etc.) and physiological (growth 

rate, nitrogen source, secondary metabolisms, pigments etc.) parameters (Table 4.1) 

(Moreira et al., 2013; Tomitani et al., 2006; Castenholz, 2001). However, the 

identification and classification of cyanobacteria on these features become difficult since 

culturing conditions and environmental plasticity often induce morphological changes 

leading to their inaccurate identification (Deylami et al., 2014). The most plastic features 

of cyanobacterial morphology include presence or absence of sheath, sheath thickness 

and colour, granulation, false branching, cell length and absence of heterocysts (Kurobe 

et al., 2013). Furthermore, some of the unrelated organisms sharing the same 

environment acquire similar morphological traits through convergent evolution 

(Wanigatunge et al., 2014).  

Due to numerous challenges associated with only morphological identification of 

cyanobacteria, a polyphasic approach is often appropriate which not only include 

phenotypic features but genotypic features as well (Gaget et al., 2015). For this purpose 

various molecular techniques have been in use.  These techniques include DNA-DNA 

hybridization, sequence determination of conserved ribosomal genes like 16S rRNA and 

23S rRNA and restriction length polymorphism (RFLP) analysis of DNA (Das et al., 

2014). Among these techniques the analysis of 16S rRNA gene sequence provides the 

most valuable criterion for the identification of cyanobacteria up to genus level 

(Stoyanov et al., 2014) since the sequences are independent of culture conditions and can 

be amplified by polymerase chain reaction (PCR) from a minute amount of DNA as 
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Table 4.1:   Classification of cyanobacteria into five subsections according to 

Castenholz and Waterbury, 1989) 

Sections Orders Characteristics Genus 

 

 

I 

 

 

 

Chroococcales 

Unicellular rods and 

cocci ,  

cell division by binary 

fission,  

non-filamentous  

Synechococcus, Cyanothece; 

Synechocystis, Gloeobacter, 

Chamaesiphon, Gloeothece, 

Halothececluste, Microcystis, 

Aphanothece   

 

 

II 

 

 

Pleurocapsales 

Unicellular, cell division 

by multiple fission 

without growth yielding 

beacoytes, cells single or 

aggregates  

Dermocarpa, Dermocarpella 

Chroococcidiopsis, 

Myxosarcina, Xenococcus, 

Pleurocapsa  

 

III 

 

Oscillatoriales 

Straight, wavy or coiled 

trichomes, cell division 

by binary fission in one 

plane, no true branching, 

no heterocysts.  

Oscillatoria, Spirulina, 

Pseudoanabaena; Lyngbya; 

Phormidium; Plectonema;  

Trichodesmium; Leptolyngbya.  

 

IV 

 

 

Nostocales 

Filamentous unbranched 

trichomes, cell division 

in one plane by 

hormogonia, 

heterocystous, false 

branching, presence of 

akinetes. 

Anabaena, Nostoc,  

Calothrix, Gleotrichiha, 

Nodularia, 

 Cylindrospermum, 

 Scytonema 

 

 

V 

 

 

Stigonematales 

Filamentous multiseriate 

branched trichomes, cell 

division occurring 

periodically, 

heterocystous, true 

branching, presence of 

akinetes.  

Fischerella, Chlorogloeopsis, 

Hapalosiphon, Stigonema  
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opposed to other molecular techniques which require large amounts of DNA (Johnson 

and Martiny, 2015). 16S rRNA gene sequencing is the most commonly used technique 

for the investigation of evolutionary relationships within different genera of prokaryotes 

(Deylami et al., 2014). Carl Woese and colleagues pioneered the use of both complete 

and partial 16S rRNA gene sequence analysis to investigate evolutionary relationship 

among prokaryotes (Woese et al., 1976). In addition to its structurally and functionally 

conserved nature, 16S rRNA gene also contains hypervariable regions which have 

species-specific signature sequences that can be used for the identification of different 

species and strains of prokaryotic organisms (Pereira et al., 2010). Giovannoni and co-

workers (1988) first published their work on evolutionary relationships of cyanobacteria 

using partial sequencing of 16S rRNA gene. Advancements in molecular techniques lead 

to huge number (more than 6000) of 16S rRNA complete and partial gene sequences of 

cyanobacteria which further resulted in the formation of enriched databases which are 

freely available online. These databases include GenBank, EMBL, DDBJ and RDP, 

making 16S rRNA gene very useful for phylogenetic studies and also proved to be the 

milestone for modern cyanobacterial taxonomy (Palinska and Surosz, 2014). Moreover, 

in most of the cases the genus identified with 16S rRNA gene sequences corresponds 

well with that of morphological analysis (Dadheech et al., 2013). So molecular gene 

sequence analysis can also be used as a confirmatory test for accurate identification of 

cyanobacterial strains.  

The molecular sequencing data obtained from analysis of 16S rRNA gene can be further 

used to study the phylogenetic or evolutionary relationships among groups of organisms 

including species and strains. They are usually analysed by scientific methodology which 

comes under the term of cladistics. These methods depend on mathematical models 

among which maximum likelihood, unweighted pair group method with arithmetic 

averages (UPGMA), maximum parsimony and maximum likelihood analysis are the 

most common (De Bruyn et al., 2014). The maximum likelihood method use actual 

sequence data whereas, neighbor-joining method and UPGMA depend upon distance 

matrixes of aligned nucleotide sequences calculated from various mathematical models 

(Bakis et al., 2013). Once the distance matrixes for the taxa are aligned, various 

computer software assisted algorithms can be used to construct phylogenetic trees from 

the aligned sequences (Cole et al., 2013). However, some phylogenetic analyses strongly 

correspond to sequence data whereas some do not. When comparing two phylogenies, it 
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is crucial to support each branch of phylogenetic tree with a statistical analysis. For that 

matter, bootstrapping method is generally applied for confirming the authenticity of the 

branches formed in a phylogenetic tree (Tamura et al., 2012). It is a statistical analysis 

for the estimation of variability of parameters (Efron and Gong, 1983; Efron 1979). 

Bootstrap works with supposed dataset by randomly selecting sequences from the given 

dataset under analysis until a transformed dataset is generated of the same size. This 

process is repeated five hundred or thousand times and the feature under study is then 

estimated from each supposedly generated data (Afanador et al., 2013; Felsenstein 

1985). A novel phylogeny is then deduced from each dataset generated by bootstrap 

analysis with varying topologies. From these bootstrapped trees, the percentage 

confidence interval can then be estimated. The bootstrapped trees have high confidence 

when there are more similarities in the nucleotide sequences between the organisms 

under study (Garamszegi et al., 2014). On the other hand, the sequences that differ 

extensively are considered to have low confidence since trees or branches generated 

from random sampling of sequences do not usually construct phylogenetic trees with 

high confidence after bootstrapping (Makarenkov et al., 2010). Thus, this analysis 

confirms the authenticity of a phylogenetic tree. So in this chapter 16S rRNA gene 

analysis of cyanobacterial isolates will be discussed.  

Molecular Identification  

The 16S rRNA gene analysis of Oscillatoria sp. SI-SK was amplified commercially as a 

complimentary offer provided by MacrogenTM Korea who used universal bacterial 16S 

rRNA forward primer 518F and reverse primer 800R. The rest of the seven strains were 

processed manually by using cyanobacterial specific primers. The DNA was extracted 

from 25 days incubated cultures growing in BG-11 liquid media under continuous light 

with modified sucrose and phenol/chloroform method of Sambrook and Russell, 2001. 

The method was efficient as not only the genomic DNA was successfully extracted but 

plasmids and RNA were also extracted successfully which could be used for other 

analysis in different studies (Figure 4.1). The genomic DNA samples were then 

subjected to 16S rRNA gene amplification. For that matter cyanobacterial specific 

forward primer (CYA359F) 5´-GGGGAATYTTCCGCAATGGG-`3 and equimolar 

concentration of two reverse primers CYA781R(a) (5´-

GACTACTGGGGTATCTAATCCCATT-`3) and CYA781R(b) (5´-

GACTACAGGGGTATCTAATCCCTTT-`3) were used, designed by Nubel et al. 
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(1997). The 16S rRNA gene from the isolates was successfully amplified and then 

purified with SureClean (Bioline-BIO 37047) and SureClean Pink Co-Precipitant 

(Bioline). This gave small PCR amplicons of approximately 400 bp (Figure 4.2). The 

sequencing was then done commercially. The raw sequences obtained (Annex I) were 

firstly analyzed and edited by FinchTV (Geospiza) software version 1.4.0 and screened 

for chimeras by using Decipher 1.8.0 online software. The sequences were then aligned 

and the contigs were made by using software DNABaserTM version 4.20.0.36. There 

were no chimeras detected in the sequences. So the final edited sequences (given in 

Annexure I) were compared with sequences in online GenBank database using BLAST 

(http://www.ncbi.nlm.nih.gov/BLAST) for homology study and the identification of the 

isolated strains. The identified sequenced data was then deposited in the online GenBank 

database in order to acquire the accession numbers for the gene sequences of the strains.  

The homology study during BLAST search revealed that filamentous non-heterocystous 

strains SI-SA and SI-SF gave 99% similarity with Oscillatoria sp., whereas strain SI-SK 

gave 98% similarity with Oscillatoria sp. Strain SI-SM resembled 99% with 

Leptolyngbya sp., whereas strain SI-SC gave maximum similarity of 99% with 

Phormidium sp. The heterocystous strains SI-SN and SI-SV gave maximum homology 

of 99% with Nostoc sp. and Calothrix sp. respectively. The unicellular strain SI-ST 

showed maximum similarity of 100% with Chroococcidiopsis thermalis. These 

sequences were submitted to GenBank to retrieve the accession numbers. The results are 

presented in Table 4.2. 

Phylogenetic Analysis 

The phylogenetic trees were constructed from the partial sequences of 16S rRNA genes 

of the cyanobacterial isolates. Firstly, the relationship between the eight isolated strains 

was studied. The unrooted phylogenetic tree of isolates resulted in three subsections 

(Figure 4.3). The subsection I included all the filamentous non-heterocystous isolates. 

Furthermore, within the subsection I there was another cluster consisting of only 

Oscillatoria sp. with 100% bootstrap values confirming the close relationship of the 

three strains namely Oscillatoria sp. SI-SA, SI-SF and SI-SK. Among these three strains, 

the strains SI-SA and SI-SF were the most closely related strains with 92% bootstrap 

value. Subsection II included only the filamentous heterocystous strains with 99% 

bootstrap value. The last stand-alone subsection III only contain unicellular strain SI-ST 

which gave 56% bootstrap with the heterocystous subsection (Figure 4.3). Another  

http://www.ncbi.nlm.nih.gov/BLAST
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Figure 4.1:   0.9% Agarose gel Electrophoresis of Cyanobacterial Genomic DNA. 

Oscillatoria strain SI-SA (L1), Oscillatoria strain SI-SF (L2), Chroococcidiopsis strain SI-ST 

(L3), HyperLadderTM 1kb (Bioline) 200bp-10,037bp (M), Leptolyngbya strain SI-SM (L4), Nostoc 

strain SI-SN (L5), Calothrix strain SI-SV (L6) and Phormidium strain SI-SC (L7).    

 

 

 

 

Figure 4.2:   1.5% Agarose gel Electrophoresis of purified PCR amplicons of Cyanobacterial 

partial 16S rRNA gene. 400 bp amplicons of Oscillatoria strain SI-SA (L1), Oscillatoria strain 

SI-SF (L2), Chroococcidiopsis strain SI-ST (L3), HyperLadderTM 1kb (Bioline) 200bp-10,037bp 

(M), Leptolyngbya strain SI-SM (L4), Nostoc strain SI-SN (L5), Calothrix strain SI-SV (L6) and 

Phormidium strain SI-SC (L7).   
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      Table 4.2:   16S rRNA gene Sequences and Molecular Identification of Cyanobacterial Strains. 

No. Strains bp % 

Similarity 

Identity Habitat Accession No. 

1 SI-SA 387 99 Oscillatoria sp. SI-SA Lake Shore 

Biofilm 

KJ755069.1 

2 SI-SF 391 99 Oscillatoria sp. SI-SF Lake Shore 

Biofilm 

KJ755070.1 

3 SI-SK 675 98 Oscillatoria sp. SI-SK Garden Soil KJ690262.1 

4 SI-SM 393 99 Leptolyngbya sp. SI-SM Sewer Drain 

Microbial Mat 

KJ755064.1 

5 SI-SC 386 99 Phormidium sp. SI-SC Salt Mine Soil KJ755065.1 

6 SI-SN 387 99 Nostoc sp. SI-SN Salt Lake 

Floating Blooms 

KJ755063.1 

7 SI-SV 380 99 Calothrix sp. SI-SV Salt Lake 

Floating Blooms 

KJ755062.1 

8 SI-ST 381 100 Chroococcidiopsis thermalis SI-ST Salt Lake 

Dispersed  

KJ755066.1 
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approach was also applied to construct a rooted phylogenetic tree, making 

Rhodospirillum rubrum as an out-group. In this approach 16S rRNA gene sequences of 

all the eight strains were compared with reference sequences retrieved from NCBI 

GenBank database which were giving similarities with the strains. The tree resulted in 

six major groups which were divided into clusters and sub-clusters depending upon their 

close relationships and strong bootstrap values. The first cluster consisted of non-

heterocystous strains with bootstrap value of 99% which was further divided into two 

sub-clusters of Calothrix (sub-cluster I-I with bootstrap value of 96%) and Nostoc (sub-

cluster I-II with bootstrap value of 99%). The second cluster Chroococcidiopsis 

consisted of only the unicellular strain with a very strong bootstrap value of 100%. The 

third cluster consisted of non-heterocystous strains with strong bootstrap value of 99%. 

The cluster is further divided into two sub-clusters of Oscillatoria (sub-cluster III-I with 

strong bootstrap value of 100%) and Phormidium (sub-cluster III-II with strong bootstrap 

value of 100%). The fourth cluster Leptolyngbya, despite belonging to non-heterocystous 

strains, formed a separate cluster, with bootstrap value of 99%, from the rest of the 

strains (Figure 4.4). 

The phylogenetic relationships of three main groups of cyanobacterial isolates: 

heterocystous, non-heterocystous and unicellular were also studied separately. This time 

the phylogenetic trees of 16S rRNA gene sequences of the cyanobacterial strains were 

compared with gene sequences of other reference strains deposited in the NCBI 

GenBank database isolated from different environmental sources in order to study the 

phylogenetic relationships of the strains with natural habitats including water bodies, 

soil, biofilms, microbial mats, dessert and polar environments and saline regions. The 

filamentous non-heterocystous strains formed two main clusters. Cluster I consisted of 

two sub-clusters including Phormidium sp. (sub- cluster I-I) and Oscillatoria sp. (sub-

cluster I-II) with strong bootstrap value of 99%. In Phormidium cluster, the strain 

Phormidium sp. SI-SC, was present in close association with Phormidium etoshii 

(GenBank accession no. NR125647.1) both originated from saline regions. The isolate 

showed high similarity with this strain with strong bootstrap value of 99%. Furthermore, 

the strain also showed great association with Phormidium sp. originating from hot 

dessert and cold polar region with high bootstrap value of 99% (Figure 4.5). The 

Phormidium sub-cluster also showed high association with Oscillatoria sp. originating 

from water bodies. On the other hand all the isolated Oscillatoria sp. (SI-SA, SI-SF and  
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Figure 4.3:   Unrooted Phylogenetic tree of partial 16S rRNA gene sequences of 

cyanobacterial isolates constructed by Neighbor-Joining and Maximum Composite 

Likelihood models using MEGATM 6.0 software. Numbers at each node represent percentage 

bootstrap values of thousand replicates. The scale bar represents mutations per nucleotide 

positions. The tree is divided into three clusters representing filamentous non-heterocystous 

strains (subsection I), filamentous heterocystous strains (subsection II) and a stand-alone 

unicellular strain (subsection III).   
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Figure 4.4: Rooted Circular Phylogenetic tree of partial 16S rRNA gene sequences of 

cyanobacterial isolates and NCBI reference strains constructed by Neighbor-Joining and 

Maximum Composite Likelihood models using MEGATM 6.0 software. Numbers at each node 

represent percentage bootstrap values of thousand replicates. The scale bar represents mutations 

per nucleotide positions. The highlighted area depicts the isolated Cyanobacterial Strains under 

study. Rhodospirillum rubrum represents the out-group. The tree is divided into four main clusters 

(I, II, II and IV) with heterocystous strains forming two sub-clusters (I-I and I-II) and Oscillatoria 

and Phormidium forming sub-clusters (III-I and III-II) under cluster I and III respectively. 

Unicellular strain forms cluster II whereas, Leptolyngbya comes under cluster IV. 
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SI-SK) formed separate group with high bootstrap value of 99%. The strains Oscillatoria 

sp. SI-SA and SI-SF were present in close proximity to Oscillatoria sp. UIC 10045 

(GenBank accession no. KF444211.1) with strong bootstrap values of 99 and 98% 

respectively. All three strains originated from biofilms attached to solid substrates. 

Cluster-II exclusively consisted of Leptolyngbya sp. which was isolated from a microbial 

mat and formed strong group with other Leptolyngbya sp. originating from microbial mats 

with bootstrap value of 93%. It was seen closely associated with Leptolyngbya sp. 

Kovacik (GenBank accession no. EU528669.2) with maximum similarity of 99% which 

also originated from a microbial mat.  

The second phylogenetic tree only consisted of heterocystous strains originating from 

various environmental sources including water bodies, soil, microbial mats/biofilms and 

cyanobionts Rhodospirillum rubrum acted as an out group. The rooted tree consisted of 

two main clusters closely associated with each other with bootstrap value of 86%. The 

strain Calothrix sp. SI-SV, which was isolated from a water body, formed group with 

Calothrix sp. also originated from a water body with strong bootstrap value of 95%. The 

strain was seen showing maximum similarity of 99% with Calothrix sp. CCAP (GenBank 

accession no. KJ755062.1) (Figure 4.6). Similarly, Nostoc sp. SI-SN also originated from 

a water source and formed group with Nostoc sp. originated from water with strong 

bootstrap value of 93%. It gave maximum similarity with Nostoc sp. CENA 88 (GenBank 

accession no. GQ259207.1) (Figure 4.6) with strong bootstrap value of 98%. 

Furthermore, it was also seen that the symbiotic Nostoc species formed separate group 

from the rest of the Nostoc sp. with low bootstrap value of 56%.  

The last rooted phylogenetic tree was only comprised of various unicellular 

Chroococcidiopsis species originated from different habitats including water bodies, 

dessert quartz, microbial mats/ biofilms and cyanobionts with Prochlorococcus marinus 

as an out group. Chroococcidiopsis thermalis SI-ST which was isolated from a water 

source formed cluster with Chroococcidiopsis species also isolated from water bodies 

with very strong bootstrap value of 100% (Figure 4.7). 

Discussion 

Cyanobacteria are infamously difficult to name due to their plastic nature. Traditionally, 

their identification was done morphologically which posed some problems especially in 

the case of cultured strains, since cyanobacteria can change their morphological features 

under stressful conditions leading to false identification. Molecular phylogenetic analysis  
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Figure 4.5:  Rooted Phylogenetic tree of partial 16S rRNA gene sequences of filamentous 

non-heterocystous cyanobacterial isolate and NCBI reference strains isolated from various 

habitats. The tree was constructed by Neighbor-Joining and Maximum Composite Likelihood 

models using MEGATM 6.0 software. Rhodospirillum rubrum represents the out-group. Numbers 

at each node represent percentage bootstrap values of thousand replicates. The scale bar represents 

mutations per nucleotide positions. The highlighted area represents the isolated strains under 

study. The symbols represent natural habitats of cyanobacteria including: Water bodies ( ), Soil 

(  ), Biofilms (   ), Cyanobacterial mats (   ), Dessert/Polar regions (   ) and Saline regions (   ). 
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Figure 4.6:  Rooted Phylogenetic tree of partial 16S rRNA gene sequences of filamentous 

heterocystous cyanobacterial isolate and NCBI reference strains isolated from various 

habitats. The tree was constructed by Neighbor-Joining and Maximum Composite Likelihood 

models using MEGATM 6.0 software. Rhodospirillum rubrum represents the out-group. Numbers 

at each node represent percentage bootstrap values of thousand replicates. The scale bar shows 

mutations per nucleotide positions. The highlighted area indicates the isolated strain under study. 

The symbols represent natural habitats of cyanobacteria including: Water bodies (   ), Soil (  ), 

Microbial mats/biofilms (   ) and Symbiotic cyanobacteria (   ). 
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Figure 4.7:  Rooted Phylogenetic tree of partial 16S rRNA gene sequences of unicellular 

cyanobacterial isolate and NCBI reference strains isolated from various habitats. The tree 

was constructed by Neighbor-Joining and Maximum Composite Likelihood models using 

MEGATM 6.0 software. Prochlorococcus marinus represents the out-group. Numbers at each node 

represent percentage bootstrap values of thousand replicates. The scale bar shows mutations per 

nucleotide positions. The highlighted area indicates the isolated strain under study. The symbols 

represent natural habitats of various unicellular cyanobacterial strains including: Water bodies (   

), Soil (  ), Microbial mats/biofilms on rocks (   ), Dessert quartz (    ) and Symbiotic cyanobacteria 

(   ). 
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contributed a lot in understanding the taxonomy of cyanobacteria. In the past, the two 

nomenclature codes including the Botanical and Bacteriological codes caused quite a lot 

of confusion, but due to the molecular phylogenetics this issue has been resolved to quite 

some extent (Howard-Azzeh et al., 2014). However, there are still some problems with 

the databases and culture collection systems as most of the strains submitted to the culture 

collections have been identified only on the basis of morphological characterisation, 

whereas most of the nucleotide sequences found in the online databases include 

environmental samples that have not been observed for their morphological features 

microscopically (Mishra et al., 2013; Stuken et al., 2006). It is strongly estimated that 

50% of the cyanobacterial strains submitted to the culture collection are incorrectly 

identified especially in the case of Oscillatoriales at lower hierarchical levels such as 

genus and species (Singh et al., 2014; Komarek and Anagnostidis, 1989). In order to 

resolve these problems, a polyphasic approach has been recommended repeatedly (Gaget 

et al., 2015; Lee et al., 2014; Silva et al., 2014; Heath et al., 2010; Johansen and 

Casamatta, 2005; Castenholz and Waterbury, 1989). Furthermore, for the correct 

identification of cyanobacteria it is crucial to gather as much ecological information as 

possible about the cyanobacterial strain at the time of collection and identification with 

polyphasic approach before doing a molecular phylogenetic analysis (Kovacik et al., 

2011). This would greatly assist in diversity analysis of cyanobacteria isolated from 

different environments based on molecular markers and thus can be assigned to a strain 

giving high similarity based on habitats.  

Keeping in mind these aspects, the currently studied strains of cyanobacteria were 

analysed with polyphasic approach. After doing the morphological and physiological 

characterisation, the cyanobacterial 16S rRNA gene was successfully amplified with 

cyanobacterial specific primers. The molecular identification of the cyanobacterial strains 

proved that the classification of the strains was in accordance with the scheme of 

subsections described in Bergey’s manual of systemic bacteriology. The genus identified 

with morphological features corresponded well with the genus identified with 16S rRNA 

gene sequencing and confirmed the identities of the isolates as: Oscillatoria sp. SI-SA, SI-

SF and SI-SK, Leptolyngbya sp. SI-SM and Phormidium sp. SI-SC which all came under 

subsection III of filamentous non-heterocystous cyanobacteria, Nostoc sp. SI-SN and 

Calothrix sp. SI-SV came under subsection IV of unbranched filamentous heterocystous 

cyanobacteria, whereas, Chroococcidiopsis thermalis SI-ST came under subsection II 
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with unicellular species having cell division in multiple planes and the formation of 

baeocytes. The complete classification scheme is portrayed in Figure 4.8.  

The evolutionary relationships were also studied by constructing phylogenetic trees 

including the isolates and the NCBI reference strains. The tree resulted in the clustering of 

eight cyanobacterial isolates into four major clusters. The tree separated the heterocystous 

strains from non-heterocystous and unicellular strains. Heterocystous strains Calothrix 

and Nostoc formed one large cluster with strong bootstrap value of 99%. This clade was 

further divided into two sub-clusters consisting of Calothrix group and Nostoc group. It is 

clear from the results that these two strains being unbranched with heterocystous 

morphology share close evolutionary history. Next to the heterocystous strains was the 

Chroococcidiopsis cluster which form 100% bootstrap value with each other but 62% 

bootstrap value with the heterocystous clade. Interestingly, it was seen that 

Chroococcidiopsis strains formed group in close proximity with heterocystous strains 

both in unrooted (Figure 4.1) and rooted trees (Figure 4.2) indicating their close 

evolutionary relationship. This observation is in accordance with the study done by Fewer 

et al. (2002) who firstly showed their close relationships which was further mentioned in 

different studies (Klemke et al., 2014; Li et al., 2014). On the other hand, the non-

heterocystous strains Oscillatoria and Phormidium formed a single group with 99% 

bootstrap value which was further divided into two sub-clusters of Oscillatoria strains and 

Phormidium strains respectively. Similarly in several studies it has been shown that 

Oscillatoria and Phormidium are either present in the same big cluster (Martins et al., 

2013; Pointing et al., 2007) or form separate sub-clusters close to each other (Ballot et al., 

2004). Leptolyngbya strains although classified in the same subsection as Oscillatoria and 

Phormidium in Bergey’s manual of systematic bacteriology, formed separate cluster with 

99% bootstrap value close to the Oscillatoria and Phormidium cluster.       

Following the polyphasic approach further, the phylogenetic trees were again constructed 

from the 16S rRNA gene sequencing to study phylogenetic relationship of the isolates 

with cyanobacterial strains originated from diverse habitats. There are several reports 

indicating the fact that closely associated bacteria which have 16S rRNA sequences with a 

difference of 0.3-2.7% usually inhabit the same habitats (Finley et al., 2014; Janda and 

Abbott, 2007). The phylogenetic trees for non-heterocystous, heterocystous and 

unicellular strains were constructed separately. It was seen that phylogenetically related 
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Domain                                       Eubacteria 

Phylum                                    Cyanobacteria 

Class                                     Cyanophyceae 

 

Order                                                            Oscillatoriales                                                  Nostocales                     Pleurocapsales 

Family                                                     Oscillatoriophycideae                                Rivulariaceae       Nostocaceae    Xenococcaceae 

 

Genus            Leptolyngbya   Phormidium  Oscillatoria   Oscillatoria   Oscillatoria      Calothrix                Nostoc     Chroococcidiopsis 

Species         Unknown          Unknown      Unknown       Unknown       Unknown       Unknown             Unknown          thermalis 

Strain           SI-SM                SI-SC            SI-SA              SI-SF             SI-SK               SI-SV                   SI-SN               SI-ST 

 

Figure 4.8:   Hierarchical Classification of Isolated Cyanobacterial Strains under study.
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strains originated from the same or similar habitats. The non-heterocystous tree consisted 

of three groups including Phormidium, Oscillatoria and Leptolyngbya. The Phormidium 

sp. SI-SC which was isolated from saline region of a salt mine drain formed close 

relationship with the Phormidium sp. also isolated from a saline region with high cluster, 

Calothrix sp. SI-SV formed close association with all the strains isolated from a water 

body with bootstrap values of 99 and 95% (Figure 4.6). In the Nostoc sub-cluster Nostoc 

sp. SI-SN also formed close association with strains isolated from water bodies. It was 

also seen that in Nostoc group all the free-living strains formed separate groups away 

from the symbiotic strains of Nostoc with 56% bootstrap values. Presently, the 

phylogenetic relationship between cyanobionts and free-living Nostoc strains is not well 

understood. This observation is in accordance with study done by Papaefthimiou et al. 

(2008) where they also showed symbiotic Nostoc species forming separate and 

homogenous cluster away from the free-living Nostoc strains. Furthermore, they also 

could not find any clear difference between these two types of associations shown by 

Nostoc. Lastly, the rooted phylogenetic tree with Prochlorococcus marinus as an 

outgroup was constructed consisting of unicellular strains of Chroococcidiopsis. The tree 

showed clearly that Chroococcidiopsis thermalis SI-ST formed a very strong cluster with 

other Chroococcidiopsis strains isolated from water bodies with high bootstrap value of 

100%. There was also sub-clustering of Chroococcidiopsis strains with differing levels on 

the basis of their habitats. Uncultured Chroococcidiopsis strains and clones from biofilms 

and dessert quartz formed separate group from all other sub-clusters. 

The identification and classification of cyanobacteria had indeed been difficult; however 

with the polyphasic approach including both morphological and molecular approaches, 

the isolated strains were successfully identified as cyanobacteria with genus: Oscillatoria, 

Leptolyngbya, Phormidium, Nostoc, Calothrix and Chroococcidiopsis. 
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CHAPTER: 05 

PHYCOCHEMICAL CHARACTERIZATION  

The term phycochemicals is derived from a Greek word “phykos” meaning sea-weed or 

algae. Phycochemicals literally means “algal chemicals” and generally refers to a plethora 

of natural compounds produce by prokaryotic and eukaryotic algal species during their 

primary and secondary metabolism (Figure 5.1). Primary phycochemicals are highly 

essential for the growth, development, and reproduction of cyanobacteria (Pandey, 2015). 

They include colorful pigments like chlorophyll-a, carotenoids and phycobiliproteins and 

other essential compound classes like carbohydrates, proteins, amino acids, lipids, nucleic 

acids, vitamins, minerals and fibers. Conversely, secondary phycochemicals are not 

essential for the growth and development but they play essential role in the ecological 

adaptation and survival of cyanobacteria (Holland and Kinnear, 2013). These 

phycochemicals most importantly include: alkaloids, terpenes, polyketides, cyclopeptides, 

phenolic compounds, cardiac glycosides, sterols etc. (Hartmann et al., 2015). These  

phycochemicals display a large array of bioactivities which can be used as interesting 

source for new drugs leads or biological tools (Mandal and Rath, 2015b). Primary 

metabolites are generally present in high amounts as compared with secondary 

metabolites and more often their quantity exceeds much more than required, while the 

production of secondary metabolites is significantly less (Opitz et al., 2014). 

Consequently, metabolic constructs are made by manipulating the biosynthetic pathways 

of these secondary metabolites in order to enhance the production of desired metabolite 

(Wlodarczyk et al., 2016). Despite their obvious roles, the distinction between primary 

and secondary metabolism is still not very clear since these two metabolisms are linked 

closely where the primary metabolism produces fundamental structures like glucose, 

phosphoenolpyruvate, pyruvate, acetyl-CoA etc., for the starting point of the secondary 

metabolism (Figure 5.2) and also many secondary metabolites could become essential in 

the life cycle of cyanobacteria at some point (Angermayr et al., 2015).  

The primary phycochemical constituents of cyanobacteria include: photosynthetic 

pigments, proteins, carbohydrates, lipids and free amino acids. One of the most attractive 

characteristics of cyanobacteria is the variety of colors they produce. In general, each 

species has its own particular combination of pigments and an individual colour. 

Cyanobacteria produce both lipid soluble and highly water soluble photosynthetic 
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Figure 5.1:   Most prominent primary and secondary phycochemical constituents of cyanobacteria (Prakash et al., 2012). 
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Figure 5.2:   Main biosynthetic pathways of some primary and secondary metabolites.  Cardozo et al. (2007). 
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pigments which play essential role in their growth and reproduction. These natural 

pigments are able to improve the efficiency of light energy utilization of cyanobacteria. 

The lipid soluble pigments in cyanobacteria include: chlorophyll-a and carotenoids 

whereas water saoluble pigments include the phycobiliproteins. The structures that make 

living organisms are basically made up of four types of molecules that include: 

carbohydrates, amino acids, lipids and nucleotides (Tobin and Dusheck, 2005). Since 

these biomolecules are essential for life, the primary metabolism either focus on making 

these molecules for the construction of cellular components, breaking them down to 

extract energy from them or focuses on joining these molecules together to make 

polymers like DNA and proteins (Cooper, 2000). 

Secondary phycochemicals are the low molecular weight compounds in cyanobacteria 

with various classes of phycochemicals which can also be found in eukaryotic medicinal 

or herbal plants and algae. The major secondary phycochemical constituents of 

cyanobacteria include: alkaloids, phenolic compounds, flavonoids, reducing sugars, 

cardiac glycosides, saponins, sterols, terpenoids, UV absorbing compounds like 

mycosporine like amino acids and scytonemins, non-ribosomally produced peptides etc. 

Extraction of Phycochemicals 

As cyanobacteria mostly accumulate primary and secondary metabolites in their biomass 

(Guedes, 2011), appropriate extraction methods must be selected first in order to extract 

them. The biomass production of cyanobacteria can be achieved by three main processes 

that include: optimized culturing, harvesting and processing of biomass. The processing 

of biomass emphasize on removal of water content after washing without affecting the 

quality of the biomass. These processes are collectively called as drying or post 

harvesting processes. There are various drying methods which include; spray-drying, 

freeze-drying, solar-drying and conventional hot-air drying (Chen et al., 2015), however, 

it has been strongly suggested that cyanobacterial color and nutritional value is adversely 

affected by increase in temperature from 40-60°C (Dissa et al., 2010). After drying the 

most important step is the extraction of phycochemicals. Usually, natural products 

particularly of the secondary metabolism obtained from microorganisms are limited in 

availability and consistancy (Bertrand et al., 2014). Furthermore, they can have 

inconsistent quality and low metabolite yield due to inappropriate extraction processes 

(Jeon et al., 2011). There are a number of advantages and disadvantages in using different 

extraction methods to extract metabolites from cyanobacteria. Generally, an extraction 
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process is advantageous if metabolites are extracted in shorter period of time; it involves 

less toxic solvents which are environmentally friendly as much as possible and has less 

capital and operating cost. Some of the most commonly used extraction processes include: 

traditional solvent extraction, pressurized liquid extraction, superficial fluid extraction, 

lysozyme extraction, detergent treatment extraction, microwave extraction, freeze-thaw, 

ultrasonication and solid/liquid extraction (Azmir et al., 2013). Although each extraction 

method has its own advantages and disadvantages however, a better yield of metabolites 

can be optimized based on these methods. Among these extraction processes the most 

widely used process especially for industrial applications is the traditional solvent 

extraction which is simple and easy to manage (Chemat and Khan, 2011). Some of the 

most common extraction methods for cyanobacterial strains are summarized in Table 5.1.       

Primary Phycochemical Constituents of Cyanobacterial Isolates 

To assess these phycochemicals, 0.5 ml of exponentially growing isolated cyanobacterial 

strains were inoculated in complete BG-11 media for 50 days under optimized conditions  

(chapter 3). The strains were grown under continuous low intensity light of 40 µE m2 s-1. 

Strains SI-SA, SI-SF, SI-SK and SI-SC were grown in BG-11 media with a pH of 7.5 at 

30ºC, strain SI-SC was incubated at 25ºC with BG-11 media supplemented with 0.1M 

NaCl. Strains SI-SM, SI-SV, SI-SN, SI-ST and SI-SC were grown in complete BG-11 

supplemented with 0.1M NaCl at 25ºC however strain SI-ST was incubated at 30ºC. 

Strain SI-SM was also grown in complete BG-11 media at 25ºC however the media for 

this strain was supplemented with 0.05M NaCl. The pH of the media for all the strains 

were set at 7.6 except strains SI-SM, SI-SN and SI-SV which were grown in media with 

pH 8.0. The  cultures were incubated under low intensity light of 40 µE m2 s-1 and then 

harvested after 25-30 days in case of primary phycochemicals because all the strains were 

in their late exponential phase, whereas in case of secondary phycochemicals the cultures 

were harvested after 40-50 days as all the strains entered their early stationary phases. The 

biomasses were harvested by high speed centrifugation at 25,000 xg. The cultures were 

subjected to lyophilization and stored at -20°C until further use. 10 mg biomass was then 

extracted separately in different extraction solvents and solvent mixture to obtain various 

phycochemicals as described in chapter 2. 
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Table 5.1:   Various extraction methods for phycochemicals of cyanobacteria. 

Cyanobacteria Natural Product Extraction 

Technique 

References 

Spirulina platensis Crude Extract Pressurized liquid 

extraction (PLE) 

Herrero et al., 2004 

Oscillatoria sp. Crude Extract Organic solvent 

extraction 

Patterson et al., 

1993 

Spirulina maxima Gamma linolenic 

acid 

Superficial CO2 

extraction 

Mendes et al., 2003 

Spirulina platensis C-phycocyanin Klebsiella 

pneumoniae 

extraction 

Zhu et al., 2007 

Spirulina maxima C-phycocyanin Inorganic salt 

extraction 

Herrera et al., 1989 

 

 

Spirulina sp. 

 

 

Phycocyanin 

Water extraction, 

Homogenisation of 

cells, Freeze/thaw, 

homogenization in 

vortimixer, acid 

extraction 

 

 

Sarada et al., 1999 

Spirulina platensis Phycocyanin Enzymatic 

disintegration 

Boussiba and 

Richmond, 1979 

Spirulina platensis Total Proteins Hand grinding Devi et al., 1981 

Spirulina sp.  Polysaccharides Hot water extraction Hayashi et al., 1996 

Spirulina platensis Lipoglucan Extraction with 45% 

phenol 

Mikheiskaya et al., 

1983 

Spirulina maxima Polysaccharides Ultrasonication Oh et al., 2011 

Microcystis sp. Various Bioactive 

metabolites 

Methanol: Acetone: 

Hexane (2 hour 

shaking at 80 rpm) 

Sticher, 2008 

 

Microcystis sp. 

 

Bioactive aqueous 

extract 

d. H2O 

ultrasonication on 

ice for 2 min (15s 

on; 10s off; 45% 

amp) 

 

Ördög et al., 2004 

Nodularia 

Several genera 

from 

Oscillatoriaceae 

including: 

Phormidium, 

Leptolyngbya 

 

 

Mycosporine-like 

Amino acid 

 

1:1 0.2% aqueous 

acetic acid: 0.5% 

methanol for 10s 

vortexing. 

 

 

Volkmann and 

Gorbushina, 2006 
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Lipid-soluble Pigments 

Chlorophyll-a is the primary lipid-soluble photosynthetic pigment in most of the 

cyanobacterial species which absorbs energy from violet-blue and orange-red 

wavelengths of light (Boonsong et al., 2012). It reflects green/yellow light and as such 

contributes to the observed green color (Jain and Gould, 2015). This pigment is extremely 

essential for photosynthesis in cyanobacteria because of its role as primary electron donor 

in the electron transport chain (Gunderson et al., 2012). Carotenoids on the other hand 

belong to the chemical group terpenoids known as isoprenoid polyenes, yellow-orange-

red in color and are also lipid-soluble pigments (Tanaka et al., 2012). All cyanobacteria 

produce carotenoids, for example, β-carotene, myxoxanthophyll, echinenone, 

oscilloxanthin, and canthaxanthin (Takaichi, 2011). Carotenoids serve two key roles in 

cyanobacteria. They absorb light energy for use in photosynthesis, and they protect 

chlorophyll-a (chl-a) from photodamage (Praveena and Murthy, 2013). 

After extraction of chl-a and carotenoids from the isolated cyanobacterial strains, it was 

observed that these lipophilic pigments varied between 4.158 to 17.08 mg g-1 in case of 

chl-a content which was maximally produced by strain SI-SV with chl-a content of 17.08 

mg g-1 followed by strains SI-SM, SI-SC, SI-SA and SI-SN with chl-a content of 17.08, 

14.87, 13.99, 13.707 and 12.34 mg g-1 respectively. On the other hand, the carotenoid 

content varied between 0.854 to 10.43 mg g-1 with maximum carotenoid conten of 10.43 

and 7.88 mg g-1 was recorded in heterocystous strains Calothrix sp. SI-SV and Nostoc sp. 

SI-SN respectively. Due to the association of the chlorophyll-a and carotenoid content, 

the ratio of car/chl-a has also been calculated. This ratio is an important parameter which 

tells whether cyanobacterial strains are under photooxidative stress or not as car/chl-a 

ratio increases in favor of carotenoid under stress conditions and vice versa (Schltiter et 

al., 1997). In all strains the car/chl-a ratio remained in favor of chlorophyll-a however, the 

high ratios of  0.63 and 0.61 in favor of chl-a was recorded in strains SI-SN and SI-SV 

respectively. Conversely, the lowest chl-a and carotenoid content was observed in strain 

SI-SF and SI-SK with chl-a content of 4.15 and 4.69 mg g-1 and carotenoid content of 

0.854 and 1.27 mg g-1 with lowest car/chl-a ratios of 0.21 and 0.27 respectively in favor of 

chlorophyll-a. This implies that under optimized conditions these strains have 

chlorophyll-a as dominant lipophilic pigment which in turn shows their good health 

status. The chl-a and carotenoid content of all the 8 strains along with their ratio is 

illustrated in Figure 5.3. 
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Water-soluble Pigments 

Phycobiliproteins are highly water soluble with protein chains covalently bound to 

chromophore tetrapyrroles groups known as bilins. Phycobilins are complex 

photoreceptors that are structurally related to mammalian bile pigments (Kräutler, 2014). 

The phycobilin component is similar to the porphyrins without a metallic atom (Li and 

Kräutler, 2015). In at least two groups of algae, phycobiliproteins are aggregated in a 

highly ordered protein complex called a phycobilisome (PBS), making these phycobilins 

unique among photosynthetic pigments. They absorb energy in portions of the visible 

spectrum that are poorly utilized by chlorophyll-a and through fluorescence energy 

transfer, convey the energy to chlorophyll-a at the photosynthetic reaction center (Johnson 

et al., 2014). There are basically three types of PBPs in cyanobacteria C-Phycocyanin 

(CPC), Allophycocyanin (APC) and C-phycoerythrin (CPE); however their presence and 

dominance depend upon light and nutrient conditions.  

The PBP content of 8 cyanobacterial isolates varied between 40.68 to 289.94 mg g-1 

where the highest PBP content of 289.94 mg g-1 was yielded by strain Oscillatoria sp. SI-

SA closely followed by strains SI-SN, SI-SM and SI-SV with total PBP content of 

166.12, 159.1 and 150.52 mg g-1 respectively. However when individual PBPs were 

measured, it was observed that in strains SI-SA and SI-SM most of the PBP content was 

due to the presence highest amount of CPC with 196.45 and 124.23 mg g-1 respectively, 

whereas in case of SI-SN the highest PBP content of 140.8 mg g-1 was contributed by 

CPE. Phormidium sp. SI-SC yielded equal amounts of CPC and APC (77.45 and 78.88 

mg g-1) giving overall PBP yield of 160.03 mg g-1. The lowest PBP yield of 40.68 mg g-1 

was recorded in unicellular Chroococcidiopsis thermalis strain SI-ST with dominant 

amount of 26.36 mg g-1 shown by CPC. Overall it was observed that in all the strains the 

dominant PBP was CPC except in strain SI-SN and SI-SC in which the CPE and CPC and 

APC were dominant making the cultures appeared brown-red and bright blue-green 

respectively, whereas other strains appeared to have various shades of blue-green 

depending upon the concentration of CPC. The total and individual PBP contents are 

illustrated in Figure 5.4. 

Total Proteins 

Proteins are made up of long chains of amino acids through peptide bonds. They can be 

enzymes that catalyze the biochemical reactions or they can have various mechanical or 

structural functions in the regulation and maintenance of the cell and its organelles  
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Figure 5.3:   Lipid-soluble pigments contents. Total chlorophyll-a (chl-a) and carotenoid 

(carot) content with chl-a/carot ratios of isolated cyanobacterial strains under optimized 

conditions. The error bars represent the mean ± SEM of three technical replicates. 

 

 

 

Figure 5.4:   Water-soluble pigments contents. C-Phycocyanin (CPC), Allophycocyanin 

(APC), C-Phycoerythrin (CPE) and total phycobiliprotein content of isolated cyanobacterial 

strains under optimized conditions. The error bars represent the mean ± SEM of three technical 

replicates. 
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(Nelson et al., 2008).  

The total protein content was measured with Bradford assay with bovine serum albumin 

as standard to obtain the linear regression equation (Figure 5.5). In the current study a 

linear trend was observed in BSA concentration from 0.1 to 1.4 mg ml-1 with regression 

coefficient, R2 equals to 0.93 (Figure 5.5a). Similarly, the sample proteins of 

cyanobacterial strains were firstly diluted to fit the range of the standard detection 

capacity of the assay. After calculating the proteins from regression equation it was 

observed that the protein content of 8 cyanobacterial strains varied between 213.87 to 

512.89 mg g-1 with lowest content yielded by unicellular strain Chroococcidiopsis 

thermalis SI-ST and highest content yielded by Oscillatoria sp. SI-SA followed by 

protein content of 411.65, 386.32, 361.73 and 352.75 and yielded by strains SI-SM, SI-

SC, SI-SN and SI-SV respectively. All the strains showed considerable production of 

proteins under optimized conditions making them good sources for proteins. The total 

protein content of isolated cyanobacterial strains is given in Figure 5.5 b).  

Total Carbohydrates 

A carbohydrate is a biological molecule consisting of carbon (C), hydrogen (H) and 

oxygen (O) atoms. They are the most abundant and important biomolecules as they are 

essential in storage and transport of energy and building the structural components of the 

cell (Hudge et al., 2012). The basic carbohydrate units are the monosaccharides which 

when form polymers through glycosidic linkages can become polysaccharides (Hudge et 

al., 2012).  

The total carbohydrate content was measured with anthrone reagent with glucose as 

standard to obtain the linear regression equation (Figure 5.5 a). A linear trend was 

observed in glucose concentration from 0.02 to 0.1 mg ml-1 with regression coefficient, R2 

equals to 0.99.  After calculating the carbohydrate concentration from regression equation 

(Figure 5.5 b) it was observed that the carbohydrate content of 8 isolated cyanobacterial 

strains ranged from 90.65 to 345.6 mg g-1 yielded by Oscillatoria sp. SI-SK and 

heterocystous strain Nostoc sp. SI-SN respectively closely followed by unicellular strain 

SI-ST and heterocystous strain Calothrix sp. SI-SV with carbohydrate content of 312.6 

and 294.43 mg g-1 respectively. Cyanobacterial strains SI-SM, SI-SA and SI-SC also 

showed high carbohydrate contents of 118.34, 172.34 and 151.89 mg g-1 respectively. 
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Total Free-Amino acids 

The free amino acids are single amino acids, which need no digestion. They are in essence 

pre-digested and ready to form all the enzymes and needed for optimal food digestion and 

the development of proteins. Free amino acids can also contribute to cellular mechanisms 

by providing carbon and nitrogen sources during cellular energy metabolism especially  

when the cell is under stress during limited energy resources (Arnold et al., 2015). 

The total free amino acid content was measured with ninhydrin reagent with glycine as 

standard to obtain the linear regression equation (Figure 5.6 a). A linear trend was 

observed in glycine concentration from 10 to 200 µg ml-1 with regression coefficient, R2 

equals to 0.98.  Similarly, the amino acid extracts of cyanobacterial strains were firstly 

diluted to fit the range of the standard detection capacity of the assay. After calculating 

the free amino acid concentration from regression equation it was observed that the free 

amino acid content of 8 cyanobacterial isolates varied between 23.7 to 142.2 mg g-1 with 

highest amino acid content of 142.2 mg g-1 yielded by Leptolyngbya strain SI-SM 

followed by strain SI-SV and SI-SN with amino acid content of 114.6 and 91.0 mg g-1. 

Conversely, the lowest free amino acid content of 23.7 mg g-1 was shown by strain SI-SA. 

All the strains showed considerable production of free amino acids under optimized 

conditions. The free amino acid concentrations of isolated cyanobacterial isolates are 

illustrated in Figure 5.6 b). 

Total Lipids 

Lipids include fats, waxes, sterols, fat-soluble vitamins monoglycerides, diglycerides, 

triglycerides, phospholipids, and others (Bamba et al., 2012). The main biological 

functions of lipids include storing energy, signaling, and acting as structural components 

of cell membranes (German, 2011). Lipids can be hydrophobic or amphiphilic; the 

amphiphilic nature of some lipids allows them to form structures such as vesicles, 

multilamellar/unilamellar liposomes, or membranes in an aqueous environment (Dutt et 

al., 2012). Lipids originate from ketoacyl and isoprene groups which divide them into 

eight categories: fatty acids, glycerolipids, glycerophospholipids, sphingolipids, 

saccharolipids, and polyketides, sterol lipids and prenol lipids (Zhang et al., 2015a). 

Lipids also encompass molecules such as fatty acids and their derivatives (including tri-, 

di-, monoglycerides, and phospholipids), as well as other sterol-containing metabolites 

such as cholesterol (Fahy et al., 2009). 
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Total lipid content quantification of isolated cyanobacterial strains was carried out by 

colorimetric method which showed that the total lipid content ranged from 105.21 mg g-1 

in Nostoc sp. SI-SN to 264.22 mg g-1 in Leptolyngbya sp. SI-SM. Oscillatoria strains SI-

SF, SI-SK and unicellular strain Chroococcidiopsis thermalis SI-ST also showed high 

lipid contents of 213.32, 186.72 and 172.43 mg g-1 respectively. The total lipid contents 

of the isolated cyanobacterial isolates are given in Figure 5.7. 

 

Secondary Phycochemical Constituents of Cyanobacterial Isolates 

Successful determination of biologically active compounds from cyanobacteria is largely 

dependent on the type of solvent used in the extraction procedure. Properties of a good 

solvent in cyanobacterial extractions includes, low toxicity, ease of evaporation at low 

heat, promotion of rapid physiologic absorption of the extract, preservative action, 

inability to cause the extract to complex or dissociate. The factors affecting the choice of 

solvent are quantity of phycochemicals to be extracted, rate of extraction, diversity of 

different compounds extracted, diversity of inhibitory compounds extracted, ease of 

subsequent handling of the extracts, toxicity of the solvent in the bioassay process, 

potential health hazard of the extractants (Tiwari et al., 2011). 

To determine the phycochemical content of 8 cyanobacterial isolates, various solvents and  

solvent mixtures were used. The biomass was homogenized first and then subjected to 

cold ultrasonication on ice-bath for 15 minutes with 5 breaks. The extracts were  

gravimetrically weighed after vacuum evaporation at 30°C. The yields of the extracts are 

summarized in Table 5.2. The yields of the extracts of all isolates resulted in a same trend. 

Water yielded the highest amount of extracts followed by AMC mixture whereas lowest 

extract yield was obtained when hexane was used as a solvent. When water was used as a 

solvent, the amount of extracts ranged between 307.0 mg g-1 in Oscillatoria sp. SI-SK and 

702 mg g-1 in Nostoc sp. SI-SN followed by unicellular strain Chroococcidiopsis 

thermalis SI-ST with extract yield of 623.12 mg g-1. In 70% methanol, pure methanol and 

acetone the extraction yield was comparatively less however still, acetone yielded higher 

amount followed by methanol and 70% methanol with maximum yield of 106.9 mg g-1 

yielded by strain SI-SM in acetone, 45.73, 44.9, 43.93 and 43.06 mg g-1 yielded by strains 

SI-ST, SI-SK, SI-SC and SI-SM respectively in methanol and 28.87, 26.78, 24.98 and 

22.56 mg g-1 yielded by strains SI-SM, SI-SV, SI-SN and SI-SC in 70% methanol. When 

a solvent mixture of acetone: 2% acidified (acetic acid) methanol: chloroform in a ratio
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        (a)                 (b)  

Figure 5.5:   Total protein content measured with Bradford assay. (a). Calibration curve of standard Bovine Serum Albumin (BSA). (b). Total protein 

content of isolated cyanobacterial strains. The results were expressed as mg BSAE g-1 dry weight. The error bars represent the mean ± SEM of three technical 

replicates. 

              (a)                  (b).  

Figure 5.6:   Total carbohydrate content measured with Anthrone reagent. (a). Calibration curve of standard Glucose. (b). Total carbohydrate content of 

isolated cyanobacterial strains. The results were expressed as mg GluE g-1 dry weight. The error bars represent the mean ± SEM of three technical replicates.

y = 0.612x + 0.2167
R² = 0.9276

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5

A
b

so
rb

an
ce

 a
t 

5
9

5
 n

m

Conc. of BSA mg / ml

Calibration Curve of BSA

0 100 200 300 400 500 600

SI-SA

SI-SF

SI-SK

SI-SM

SI-SC

SI-SN

SI-SV

SI-ST

Conc. mg / g

C
ya

n
o

b
ac

te
ri

al
 S

tr
ai

n
s

Total proteins

y = 4.205x + 0.5249
R² = 0.9993

0

0.3

0.6

0.9

1.2

0 0.02 0.04 0.06 0.08 0.1 0.12

A
b

so
rb

an
ce

 a
t 

6
2

0
 n

m

Conc. mg / ml

Calibration Curve of Glucose

0 50 100 150 200 250 300 350

SI-SA

SI-SF

SI-SK

SI-SM

SI-SC

SI-SN

SI-SV

SI-ST

Conc. mg /g

C
ya

n
o

b
ac

te
ri

al
 S

tr
ai

n
s

Carbohydrates



Phycochemical Characterization Chapter 05 
 

 

161 

 (a).            (b).  

Figure 5.7:   Total Free-Amino acid content measured with Ninhydrin solution. (a). Calibration curve of standard L-Glycine. (b). Total Free-Amino acid 

content of isolated cyanobacterial strains. The results were expressed as mg L-GlyE g-1 dry weight.The error bars represent the mean ± SEM of three technical 

replicates. 

 
 

Figure 5.8:   Total Lipid content of isolated cyanobacterial strains. The error bars represent the mean ± SEM of three technical replicates.
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of10:8:6 was used, a high yield of extracts was obtained which ranged between 228.43 

mg g-1 in strain SI-SK and 319 mg g-1 in strain SI-SM closely followed by unicellular 

strain SI-ST with extract yield of 319.2 mg g-1. Conversely, hexane and chloroform 

yielded the least amount of extracts and hence excluded from further analysis. 

A preliminary screening of different extracts for alkaloids, cardiac glycosides, reducing 

sugars, saponins, terpenoids, phenolic compounds and flavonoids was conducted. The 

results of prescreening of secondary phycochemicals are summarized in Table 5.3. It was 

observed that the highest amounts of phycochemicals were extracted in the acetone: 2% 

(A) methanol: chloroform (AMC) mixture. Alkaloids, flavonoids, cardiac glycosides, 

sterols and terpenoids were not efficiently extracted in water as compared with other 

solvents, whereas phenolic compounds were maximally extracted in 70% methanolic and 

AMC extracts followed by aqueous extracts. The highest amounts of phycochemicals 

were detected AMC extracts of all the strains. Various phycochemical tests of AMC 

extracts are shown in Figure 5.8. Alkaloids, flavonoids, reducing sugars, saponins, sterols 

and terpenoids were present in high amounts in AMC extracts of the strains. Conversely, 

cardiac glycosides were completely absent in all the extracts of strains SI-SF and SI-SC 

whereas, in rest of the strains they were only present in the AMC extracts. Sterols were 

absent in all extracts of strain SI-SK, whereas, saponins were only present in minute 

amounts in AMC extracts of strains SI-SC and SI-SV. Phenolic compounds and reducing 

sugars were present in all the extracts. Reducing sugars were detected in all the extracts of 

8 cyanobacterial strain except for acetone extract of strain SI-SK. The results depicted 

that AMC solvent mixture was the best solvent for maximal extraction of secondary 

phycochemicals. 

Quantification of Selected Metabolites 

For the quantification of selected metabolites, AMC extracts were selected which 

contained the highest amounts of phycochemicals. The compounds were measured with 

linear regression analysis with the help of standards through spectrophotometric 

colorimetric methods. 

Total Alkaloids 

Alkaloids are naturally occurring organic secondary metabolites produced by many 

organisms including bacteria, fungi, plants and animals. These compounds contain mostly 

basic nitrogen atoms as biological precursors of most alkaloids are amino acids. In 
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Table 5.2:   The extract yield of isolated cyanobacterial strains obtained by various 

extraction solvents and solvent mixtures.  

Solvents / 

Solvent 

Mixtures 

SI-SA SI-SF SI-SK SI-SM SI-SC SI-SN SI-SV SI-ST 

 

mg / g cyanobacterial biomass 

 

Water 

(inorganic 

polar protic) 

 

434.4 

 

360.01 

 

307.0 

 

551.2 

 

433.42 

 

702.23 

 

518.32 

 

623.12 

 

70% (aq.) 

Methanol 

 

14.32 

 

 

18.93 

 

12.21 

 

28.87 

 

22.56 

 

24.98 

 

26.78 

 

13.43 

 

Methanol 

(polar protic)  

 

38.5 

 

22.26 

 

44.9 

 

43.06 

 

43.93 

 

34.16 

 

16.61 

 

45.73 

 

Acetone 

(polar 

aprotic) 

 

66.43 

 

42.66 

 

57.12 

 

106.9 

 

82.86 

 

44.3 

 

69.83 

 

77.76 

 

Chloroform 

(nonpolar) 

 

5.33 

 

6.32 

 

5.56 

 

8.65 

 

9.12 

 

4.43 

 

5.98 

 

9.64 

 

Hexane 

(nonpolar) 

 

1.86 

 

1.43 

 

1.55 

 

2.75 

 

1.34 

 

1.01 

 

1.47 

 

2.76 

 

Acetone: 

*A-Methanol: 

Chloroform 

(10:8:6 ratio) 

 

 

245.43 

 

 

232.32 

 

 

228.43 

 

 

324.32 

 

 

286.87 

 

 

218.34 

 

 

252.54 

 

 

319.2 

*acidified with 2% acetic acid.  
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addition to carbon, hydrogen and nitrogen some alkaloids also contain oxygen, sulfur and 

in some cases may also contain other elements like chlorine, bromine and phosphorus 

(Waller, 2012). Mostly, alkaloids are basic in nature with very bitter taste and are 

extremely poisonous when ingested (Roberts and Wink, 2013). Many alkaloids show 

weak water solubilty but can readily dissolve in organic solvents such as diethyl ether, 

methanol and chloroform. 

The total alkaloids were quantified spectrophotometrically by standard alkaloid berberine 

to obtain the linear regression equation (Figure 5.9 a). A linear trend was observed in 

berberine concentration from 0 to 50 µg ml-1 with regression coefficient, R2 equals to 

0.99.  Similarly, the alkaloid extracts of cyanobacterial strains were firstly diluted to fit 

the range of the standard detection capacity of the assay. After calculating the alkaloid 

concentrations from regression equation (Figure 5.9 b) it was observed that the alkaloid 

content ranged between 7.37 mg BE g-1 in Phormidium sp. SI-SC and 27.72 mg g-1 in 

Chroococcidiopsis thermalis SI-ST followed by Oscillatoria sp. SI-SF and Oscillatoria 

sp. SI-SK with alkaloid yield of 24.79 and 23.97 mg BE g-1 respectively. Strain SI-SM 

and SI-SN also showed high alkaloid yield of 20.66 and 19.56 mg BE g-1. All the strains 

produced considerable amount of alkaloids.  

 

Total Phenolic Compounds 

Phenolics are the class of organic compounds in which hydroxyl group (―OH) is directly 

bonded to the aromatic hydrocarbon group and are classified as simple phenols or 

polyphenols depending on the number of phenolic units (Kara et al., 2015). They are 

further divided into three types which include: phenolic acids, flavonoid polyphenolics 

and non-flavonoid polyphenolics which are produced by plants and microorganisms with 

variations between and within various species (Lojek et al., 2014). Phenolics are quite  

similar to alcohols but unlike alcohols their OH group is not bonded to the saturated 

carbon atom and thus have higher acidities due to the tight coupling of carbon of aromatic 

ring with oxygen and loose association between oxygen and hydrogen (Gulcin and 

Beydemir, 2013). 

The total phenolic contents of cyanobacterial strains were quantified 

spectrophotometrically by standard phenolic compound gallic acid to obtain the linear 

regression equation (Figure 5.10 A). A linear trend was observed in gallic acid 

concentration from 0 to 200 µg ml-1 with regression coefficient, R2 equals to 0.99.  

Similarly, the extracts of cyanobacterial strains were firstly diluted to fit the range of the
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       Table 5.3:   Secondary phycochemical screening of different extracts of cyanobacterial isolates. 

Extracts Alkaloids Phenolics Flavonoids Reducing 

Sugars 

Cardiac 

Glycosides 

Saponins Sterol Terpenoids 

Oscillatoria sp. SI-SA         

Water ‒ + ‒ ++ ‒ ++ ‒ ‒ 

70% (aq.) Methanol ‒ ++ + ++ ‒ ++ + ‒ 

Methanol + ‒ ++ ‒ ‒ + ‒ + 

Acetone + ‒ ++ ‒ ‒ ‒ ‒ ++ 

AMC +++ ++ ++ +++ ++ +++ + ++ 

Oscillatoria sp. SI-SF         

Water ‒ + ‒ ++ ‒ + ‒ ‒ 

70% (aq.) Methanol ‒ + + ++ ‒ ++ ++ ‒ 

Methanol + ‒ ++ ‒ ‒ + + + 

Acetone + ‒ +++ ‒ ‒ ‒ ‒ ++ 

AMC +++ + +++ +++ ‒ +++ +++ ++ 

Oscillatoria sp. SI-SK         

Water ‒ + ‒ ++ ‒ ‒ ‒ ‒ 

70% (aq.) Methanol ‒ + + + ‒ ++ ‒ ‒ 

Methanol ‒ ‒ + ‒ ‒ + ‒ ‒ 

Acetone + ‒ ++ ‒ ‒ ‒ ‒ + 

AMC +++ + ++ ++ ++ ++ + + 

Leptolyngbya sp. SI-SM         

Water ‒ ++ ‒ ++ ‒ ++ ‒ ‒ 

70% (aq.) Methanol ‒ +++ ++ ++ ‒ ++ + ‒ 

Methanol + + ++ ‒ ‒ + ‒ + 

Acetone + + +++ ‒ ‒ ‒ ‒ ++ 

AMC +++ +++ +++ +++ +++ +++ ++ +++ 
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Continue Table 5.3 

Extracts Alkaloids Phenolics Flavonoids Reducing 

Sugars  

Cardiac 

Glycosides 

Saponins Sterols Terpenoids 

Phormidium sp. SI-SC         

Water ‒ + ‒ + ‒ ‒ ‒ ‒ 

70% (aq.) Methanol ‒ ++ + + ‒ ‒ ‒ ‒ 

Methanol ‒ ‒ + ‒ ‒ ‒ ‒ ‒ 

Acetone + + +++ ‒ ‒ ‒ + ++ 

AMC ++ ++ +++ ++ ‒ + + ++ 

Nostoc sp. SI-SN         

Water ‒ ++ ‒ ++ ‒ ++ ‒ ‒ 

70% (aq.) Methanol ‒ ++ + ++ ‒ ++ + ‒ 

Methanol + + + ‒ ‒ + ‒ + 

Acetone + + ++ ‒ ‒ ‒ ‒ ++ 

AMC +++ ++ ++ +++ +++ +++ +++ +++ 

Calothrix sp. SI-SV         

Water ‒ ++ ‒ ++ ‒ ‒ ‒ ‒ 

70% (aq.) Methanol ‒ +++ ++ ++ ‒ ‒ ‒ ‒ 

Methanol + + ++ ‒ ‒ ‒ + + 

Acetone + + ++ ‒ ‒ ‒ + ++ 

AMC +++ +++ +++ +++ +++ + +++ ++ 

Chroococcidiopsis 

thermalis sp. SI-ST 

        

Water ‒ + ‒ ++ ‒ ++ ‒ ‒ 

70% (aq.) Methanol ‒ + + ++ ‒ ++ ‒ ‒ 

Methanol ++ ‒ ++ ‒ ‒ + + + 

Acetone + + +++ ‒ ‒ ‒ + ++ 

AMC +++ + +++ +++ +++ +++ +++ +++ 

       AMC= Acetone: 2% A-Methanol: Chloroform (10:8:6). + low, ++ moderate, +++ high, ‒ not present.
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Alkaloids 

 
Red-Brown precipitates of total alkaloids in Berberine (C) and AMC extracts with Wagner’s test.  

Phenolics 

 
Blue color formation in presence of Gallic acid (C) and total phenolic compounds in AMC 

extracts. 

Flavonoids 

 
Yellow color formation in presence of Rutin (C) and total flavonoids in AMC extracts. 

Reducing Sugars 

 
Red color formation in presence of Glucose (C) and reducing sugars in AMC extracts with DNS.  

Cardiac-glycosides 

 
Blue-green color of digitoxose (cardiac-glycoside) in AMC extract with Keller-Kiliani test. 

Saponins 

 
Persistent froth formation for 15 minutes in presence of saponins in AMC extracts. 

Sterols 

 
Green coloration of cholesterol (C) and sterols in AMC extract with Liebermann- Burchard test. 

Terpenoids 

 
Dark red coloration of cholestrol (C) and terpenoids in AMC extract with Salkowski test. 

Figure 5.9:   Secondary phycochemical screening of AMC extracts of cyanobacterial 

isolates.   
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(a)  

 

 

 

    (b).  

 

Figure 5.10:   Total Alkaloid content. (a). Calibration curve of Berberine. (b). Total Alkaloid 

content of isolated cyanobacterial strains. The results were expressed as mg BE (Berberine 

equivalent) g-1 dry weight. The error bars represent the mean ± SEM of three technical replicates. 
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standard detection capacity of the assay. After calculating the phenolic compounds 

concentrations from regression equation (Figure 5.10 B) it was observed that the highest 

phenolic content of 12.6 and 12.4 mg GAE g-1 was shown by strains SI-SM and SI-SV 

respectively, followed by SI-SN and SI-SC with phenolic concentrations of 10.32 and 8.5 

mg GAE g-1 respectively. The least amount 3.9 mg GAE g-1 of phenolics was produced by 

strain SI-SF. 

Total Flavonoids 

Flavonoids are the low molecular weight polyphenolics with variable phenolic structures 

found largly in plants and microrganisms. Chemically flavonoids have fifteen-carbon 

structure containing two phenyl rings (A and B) linked via heterocyclic pyran ring (C) 

(Kumar and Pandey, 2013). They are divided into variety of classes such as: flavones 

(flavone, apigenin, luteolin), flavonols (quercetin, kaempferol, catechin), flavanones 

(flavanone, hesperetin) and others (Gierschner, 2012). Phenolic compounds have pleasant 

taste, are generally very low in toxicity as compared with alkaloids and are hence 

consumed by humans and animals. 

The total flavonoid contents of cyanobacterial strains were quantified 

spectrophotometrically by standard flavonoid compound rutin to obtain the linear 

regression equation (figure 5.11(a)) and total flavonoid content of strains (figure 5.11(b)). 

A linear trend was observed in rutin concentration from 10 to 250 µg ml-1 with regression 

coefficient, R2 equals to 0.99. Similarly, the extracts of cyanobacterial strains were firstly 

diluted to fit the range of the standard detection capacity of the assay. After calculating 

the flavonoid concentrations from regression equation it was seen that the highest 

flavonoid content of 3.44 and 3.23 mg RE g-1 was shown by strains SI-SM and SI-SV 

respectively, followed by SI-SF, SI-SN and SI-ST with flavonoid concentrations of 2.82, 

2.71 and 2.44 mg RE g-1 respectively. The least amount 1.71 mg RE g-1 of flavonoids 

were produced by strains SI-SA.  

RP-HPLC UV/VIS Profiling of Phenolic and Flavonoid Compounds 

The phenolic and flavonoid compounds in 8 cyanobacterial isolated strains were analyzed 

with RP-HPLC equipped with UV/VIS detector. The analysis of strains showed fifteen 

phenolic compounds which included; rutin, tannic acid, orcinol, phloroglucinol, 

resorcinol, gallic acid, caffeic acid, ferulic acid, vanillic acid, vanillin, salycyclic acid, 

benzoic acid, syringic acid, acetyl salicyclic acid and protocatechuic acid which were 
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identified by comparing them with the standards. These compounds were present in 

different cyanobacterial isolates in varying quantities which ranged between 277.3 µg g-1 

in Oscillatoria sp. SI-SF and 829.7 µg g-1 in Leptolyngbya sp. SI-SM. It was seen that 

rutin, tannic acid, orcinol, phloroglucinol and protocatechuic acid were the dominant 

phenolic compounds in most of the strains with concentration ranging between 96.3 to 

176.2, 13.4 to 75.0, 71.2 to 167.4, 12.0 to 28.3 and 35.6 to 94.0 µg g-1 respectively. In 

strain SI-SM, much of the phenolic compound content was contributed by gallic acid 

which was present in high amounts of 205.4 µg g-1 followed by rutin, orcinol and ferulic 

acid with phenolic compound content of 176.2, 154.1 and 98.1 µg g-1 respectively. In 

Calothrix sp. SI-SV, which also showed high amounts of phenolic compounds of 590.9 

µg g-1, the highest contribution of 148.2, 123.4 and 92.2 µg g-1 was given by rutin, 

Orcinol and Ferulic acid respectively. In Nostoc sp. SI-SN which showed total phenolic 

compounds of 531 µg g-1, much of the contribution of 152.2, 122.3 and 75.0 µg g-1 was 

from orcinol, rutin and tannic acid respectively. In Phormidium sp. SI-SC, resorcinol, 

vanillic acid and Syringic acids were detected in high amounts of 81.3, 21.7 and 13.4 µg 

g-1 respectively. Caffeic acid and benzoic acid were detected in highest amounts in 

Oscillatoria sp. SI-SF with 28.2 and 17.5 µg g-1 respectively. Salycyclic acid and acetyl 

salycyclic acid were present in high amounts in Oscillatoria sp. SI-SA with 23.5 and 13.2 

µg g-1 respectively. The RP-HPLC phenolic compounds profiles are given in table 5.4. 

The RP-HPLC chromatograms of standards and cyanobacterial isolates are given in 

annexure I. 

Discussion 

The preliminary phycochemical screening is the fast and least expensive method to 

estimate the presence or absence of bioactive compounds in a crude extract. The 

nutritional value of cyanobacteria can be measured with the amount of primary 

phycochemicals they produced whereas; their bioactive potential can be assessed from the 

quantity and quality of the secondary phycochemicals. 

In the present work, 8 isolated cyanobacterial strains were assessed under previously 

optimized conditions, for their phycochemical contents which included both primary and 

secondary phycochemicals. All the strains showed considerable production of various 

phycochemicals. In case of lipophilic pigment content, the total chlorophyll-a content 

ranged from 4.16 to 17.08 mg g-1 which accounted for 0.416% to 1.708% of dry weight. 
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       (a).              (b).  

Figure 5.11:  Total phenolic content. (a). Calibration curve of Gallic acid. (b). Total phenolic content of isolated cyanobacterial strains. The results were 

expressed as mg GAE g-1 dry weight. The error bars represent the mean ± SEM of three technical replicates. 

 

       (a).           (b).  

Figure 5.12:  Total flavonoid content. (a). Calibration curve of Rutin. (b). Total flavonoid content of isolated cyanobacterial strains. The results were 

expressed as mg RE g-1 dry weight. The error bars represent the mean ± SEM of three technical replicates. 
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Table 5.4:  RP-HPLC UV/VIS Analysis of Phenolic and Flavonoid Content in Cyanobacterial Strains. 

Phenolic 

Compounds 

RT 

min 

Cyanobacterial Strains (µg g-1 dry weight) 

 

  SI-SA SI-SF SI-ST SI-SM SI-SV SI-SN SI-SK SI-SC 

Rutin 2.83 N.D 138.1d 116.0a 176.2b 148.2cd 122.3c 96.3a N.D 

Tannic acid 2.61 40.2b N.D 13.4c 56.2a 42.1e 75.0d 28.3c 56.4de 

Orcinol 3.0 146.1b N.D 120.5ab 154.1c 123.4a 152.2de 71.2bc 167.4c 

Phloroglucinol 2.80 28.3c N.D 13.3ac 21.3c 20.2ac 16.4ab N.D 12.0a 

Resorcinol 2.91 N.D 18.0d N.D 34.0c 30.4b 25.3b 6.2a 81.3c 

Gallic acid 2.53 N.D N.D 25.6a 205.4de N.D 61.4bc 18.2c 43.8b 

Caffeic acid 3.1 N.D 28.2a N.D 12.0a 10.3b 5.2b N.D N.D 

Ferulic acid 4.4 N.D N.D N.D 98.1c 92.2de N.D 35.5b N.D 

Vanillic acid 6.12 N.D N.D 6.3a 19.1d 15.3a N.D N.D 21.7d 

Vanillin 3.8 N.D N.D N.D N.D 17.2a N.D 17.7b 16.6b 

Salicylic acid 3.9 23.5c N.D N.D 12.0b 15.1c 10.1c N.D 8.2a 

Benzoic acid 6.9 N.D 17.5d N.D N.D 14.1d N.D N.D 12.0a 

Syringic acid 3.3 N.D N.D N.D N.D N.D N.D 8.4b 13.4c 

Acetyl 

Salicylic acid 

4.5 13.2c 16.1c 8.3c N.D N.D 20.1de N.D N.D 

Protocatechuic 

acid 

2.3 94.0a 74.4de 91.1de 41.3de 45.2de N.D 35.6b 85.3de 

Total  345.3 277.3 394.5 829.7 590.9 531 317.4 518.1 

The compounds were detected at 280 nm. RT= retention Time, N.D= Not detected. Means in the same rows represent different letters as 

significantly different (p<0.05). 
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The chlorophyll-a contents of phytoplankton reported by Becker (1994) ranged from 5 to 

15 mg g-1. The chl-a contents of all the 8 isolates fall within the range given by Becker 

except Oscillatoria sp. SI-SF and Oscillatoria SI-SK which showed low values,

2.42 mg g-1 and 2.74 mg g-1 that accounted for 0.416 and 0.47% dry weight respectively, 

whereas Calothrix sp. SI-SV showed very high value of 17.08 mg g-1 which accounted for 

1.708% dry weight. Similarly to the current study, Usharani et al. (2014) showed chl-a 

content of 17.72 mg g-1 from Spirulina platensis whereas Rai and Rajashakher, (2015) 

showed slightly less chl-a content of 15.42 mg g-1 produced by Oscillatoria fremyii.   

Conversely, Rodrigues et al., (2010) obtained much higher chl-a content of 21.85 mg g-1 

from Spirulina when KNO3 and NH4Cl were used as nitrogen sources. The chl-a content 

of the isolated cyanobacterial strains is comparable to that of commercially important 

cyanobacteria; Spirulina that have shown chlorophyll-a content upto 2.4% dry weight 

(Kebede and Ahlgren 1996). The total carotenoid content of 8 cyanobacterial isolates 

varied between 0.854 and 10.43 mg g-1 which accounted for 0.0854 and 1.043% dry 

weight. Calothrix sp. SI-SV and Nostoc sp. SI-SN yielded the highest carotenoid contents 

of 1.043% and 0.8% dry weight whereas Oscillatoria sp. SI-SF yielded the lowest 

carotenoid content with 0.085% dry weight. These results are comparable to the study 

done by Sukuraman et al. (2014) where they showed carotenoid content of 0.533% dry 

weight from Arthrospira platensis. In terms of concentrations, Manigandan, (2014) 

showed higher carotenoid content of 16.0 mg g-1 from Spirulina platensis. Furthermore, 

Usharani et al. (2014) also showed higher carotenoid content of 21.50 mg g-1 from 

Spirulina platensis. Conversely, Rafiqul-Islam et al. (2003) showed lesser carotenoid 

content of 2.80 mg g-1 from Spirulina fusiformis. When measuring the car/chl-a ratios all 

the strains showed lower ratios in favor of chl-a which suggested that the strains were not 

under photooxidation stress as it is suggested that the car/chl-a ratio may be a good 

indicator of stress (Netto et al., 2005). The high car/chl-a ratio of 0.84 to 2.44 suggests 

that carotenoids served as photoprotective functions in high light environments 

(Solovchenko, 2010). Similar to this study, Kebede and Ahlgren, (1996) also showed 

car/chl-a ratios between 0.27 to 0.64.  

The content of water soluble pigments PBPs were investigated in 8 isolated strains of 

cyanobacteria which showed yield from 4.068% to 28.994% in which CPC was the 

dominant PBP in all the strain except Nostoc sp. SI-SN in which the dominant PBP was 

CPE. The total PBP content varied between 50 to 289.94 mg g-1 with highest PBP of 

224.89 mg g-1 yielded by Oscillatoria sp. SI-SA with highest overall concentration 
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contributed by CPC with 281.58 mg g-1 than APC and CPE which were 8.56 and 0.2 mg 

g-1 respectively. Similarly, Tiwari et al. (2015) showed high amounts PBPs from 

Phormidium arthurensis with total PBP concentration of 402.1 mg g-1 with CPC 

contributing with high concentration of 286.1 mg g-1. Rai and Rajashakher, (2015) also 

showed high amount of CPC content of 174.05 mg g-1 in Oscillatoria fremyii with overall 

PBP concentration of 317.05 mg g-1. CPE was seen to be only produced in high amounts 

of 140.8 mg g-1 by Nostoc sp. SI-SN with overall PBP content of 166.12 mg g-1 yielding 

unusually high amounts of CPE with 14.08% dry weight of all the PBP. Similarly, 

Keithellakpam et al. (2015) showed 127.91 mg g-1 from Nostoc sp. BT61.  Simeunović et 

al. (2012) showed CPE yielding 10% dry weight in several Nostoc sp., whereas 

Rodriguez et al. (1988) have shown CPE amount of 8.3% in Anabaena sp. Rai and 

Rajashakher, (2015) showed 40.22 mg g-1 of CPE in Oscillatoria sancta with overall PBP 

content of 106.34 mg g-1. Pandey and Pandey, (2013) evaluated the PBP contents of 93.3 

mg g-1 in Nostoc muscorum. APC was produced in high amounts of 78.88 mg g-1 by 

Phormidium sp. SI-SC with overall PBP content of 160.03 mg g-1 accounting for 16.03% 

dry weight, whereas Rai and Rajashakher, (2015) showed APC contents of 124.48 mg g-1 

in Oscillatoria fremyii. The lowest PBP content of 50.68 mg g-1 which accounted for 5.1% 

dry weight was yielded by unicellular strain Chroococcidiopsis thermalis SI-ST. Pumas et 

al. (2011) showed PBP content of 37.50 mg g-1 from a unicellular strain Cyanosarcina sp. 

SK40. They further showed PBP content from cyanobacterial species, Leptolyngbya sp. 

KC45 and Phormidium sp. PD401 which showed the highest total PBPs up to 181.63 and 

165.47 mg g-1 respectively, where in current study Leptolyngbya sp. SI-SM and 

Phormidium sp. SI-SC showed PBP content of 159.1 and 100 mg g-1 respectively.  

Three cyanobacterial genera; Arthrospira (Spirulina), Nostoc and Aphanizomenon have 

been exploited because these cyanobacteria produce most of the commercially relevant 

natural products and are being produced and/or collected for different purposes, mostly as 

health food and dietary supplement (Sharma et al., 2015). Because cyanobacteria are 

largely unexplored, they represent a rich opportunity for discovery.   

The cyanobacterial proteins have received worldwide attention for an alternative source of 

food. Some species of Anabaena, Nostoc and Spirulina are consumed as food due to their 

high protein and fiber content (Subramanian et al., 2014). In current investigation, total 

proteins from 8 isolated cyanobacterial strains ranged from 213.87 to 512.89 mg g-1 in 

case of Chroococcidiopsis thermalis SI-ST and Oscillatoria sp. SI-SA respectively which 

accounted for 21.39% to 51.3% of dry weight. In strain SI-SA, PBP contributed 56.53% 
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of total proteins. Similar to the current results from Oscillatoria sp. SI-SA Quintana et al. 

(2011) also showed total protein content of 51% dry weight from Oscillatoria formosa. 

Furthermore,  

Leptolyngbya sp. SI-SM yielded protein with 41.165% dry weight in which PBP 

contributed 38.648% of total proteins Similarly, Taton et al. (2012) showed total protein 

content of 35.4% from Leptolyngbya sp. BL0902. Phormidium sp. SI-SC and Calothrix 

sp. SI-SV yielded total protein contents of 38.632 and 35.275% in which PBP contributed 

41.42 and 42.67% respectively. Quintana et al. (2011) showed higher protein content 

from several Phormidium species in the range of 50 to 71% dry weight whereas they 

showed lower protein content of 21 and 27% dry weight from Calothrix crustacea and 

Calothrix contanerii respectively. Although Nostoc sp. SI-SN showed slightly lesser total 

protein content of 361.73 mg g-1 which accounted for 36.173% dry weight, however the 

contribution from PBP was the greatest in this strain which was 46% of total protein 

which showed its richness in PBP content. Quintana et al. (2011) and Vargas et al. (1998) 

showed similar protein content from this cyanobacterium with gross protein production in 

range of 37 to 47% dry weight in several unidentified strains of Nostoc sp. Furthermore, 

they also showed 40% dry weight protein content from Nostoc commune and Nostoc 

paludosum. Schreckenbach et al. (2001) showed that Arthrospira sp. has a gross protein 

production of 58 to 73%. Leema et al. (2010) showed high total proteins content of 

66.96% dry weight in Arthrospira platensis when grown in sea water medium. Rafiqul-

Islam et al. (2003) also showed higher protein content of 62.3% in Spirulina fusiformis. 

Danxiang et al. (2004) showed even higher gross protein content of 60 to 75% in 

Aphanizomenon flos-aquae. 

Cyanobacterial carbohydrates are complex and consist of a mixture of neutral sugars, 

amino sugars and uronic acids and these compositions vary across species and growth 

conditions (de Jesus Raposo et al., 2015). The carbohydrate content range from 90.65 to 

345.5 mg g-1 which accounted for 9.639 to 34.55% dry weight in Oscillatoria sp. SI-SK 

and Nostoc sp. SI-SN respectively. Quintana et al. (2011) and Nagarkar et al. (2004) 

showed same carbohydrate content of 9% dry weight from Oscillatoria formosa whereas 

Rajeshwari and Rajashakher, (2011) showed carbohydrate content of 8% from 

Oscillatoria foreaui. Quintana et al. (2011) and Vargas et al. (1998) showed similar 

carbohydrate content in the range of 16 to 32% dry weight in several unidentified Nostoc 

sp. as well as carbohydrate content of 38% and 27% from Nostoc commune and Nostoc 

paludosum respectively. The unicellular strain Chroococcidiopsis thermalis SI-ST also 
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showed high carbohydrate content of 312.6 mg g-1 which accounted for 31.26% of dry 

weight. Similarly, Ishida et al. (1997) also showed total carbohydrate content of 30% 

from thermophilic strain of Chroococcidiopsis sp. TS821. Calothrix sp. SI-SV also 

showed high carbohydrate content of 294.43 mg g-1 which accounted for 29.443% dry 

weight. Similarly, Quintana et al. (2011) and Nagarkar et al. (2004) also showed 

carbohydrate content of 29% dry weight from Calothrix contanerii. Oscillatoria sp. SI-

SA, Phormidium sp. SI-SC and Leptolyngbya sp. SI-SM also showed considerable 

production of carbohydrates with 17.23%, 15.2% and 11.83% dry weight respectively. 

Similarly, Taton et al. (2012) showed total carbohydrate content of 13.3% from 

Leptolyngbya sp. BL0902. These findings are in accordance with the study done by 

Schreckenbach et al. (2001) who showed that Arthrospira sp. has a gross carbohydrate 

production of 15 to 25%. Conversely, Rafiqul-Islam et al. (2013) showed 29.3% dry 

weight carbohydrate content in Spirulina platensis under optimized condition whereas, 

Danxiang et al. (2004) showed that Nostoc sp. has a gross carbohydrate production of 56 

to 57%, whereas Aphanizomenon flos-aquae has 20 to 30%.       

The total free amino acids range from 23.705 to 142.2 mg g-1 in Oscillatoria sp. SI-SA 

and Leptolyngbya sp. SI-SM which accounted for 2.4% to 14.22% dry weight. Calothrix 

sp. SI-SV also showed higher content with 11.455% dry weight of amino acid  

respectively. Rajeshwari and Rajashakher, (2011) showed similar free amino acid content 

ranging from 1.7 to 5.3% from Gleocapsa livida and Oscillatoria foreaui respectively. 

Conversely, Senthil et al. (2012) showed very high amount of total amino acid content of 

315.07 and 264.81 mg g-1 from Oscillatoria salina and Microcystis aeruginosa 

respectively.  

Microalgae are most commonly refer to as oleaginous species due to their ability to 

accumulate large amounts of lipids which can exceed over 20% of their dry weight Smith-

Bädorf et al. (2013). Cyanobacteria on the other hand also have the potential to 

accumulate lipids however they are comparatively understudy in regards to the lipid 

profiling. They are a rich source of lipids however; the lipid content in the biomass of 

cyanobacteria varies among different species and depends on ecological factors applied 

during growth and application of appropriate extraction method. In the current study, lipid 

content ranged from 105.21 to 264 mg g-1 which accounted for 10.52% dry weight in 

Nostoc sp. SI-SN to 26.42% dry weight in Leptolyngbya sp. SI-SM respectively. Quintana 

et al. (2011) and Vargas et al. (1998) showed similar lipid content of 10.4% dry weight 

from Nostoc paludosum whereas Nostoc commune showed 8.4% total lipids and several 
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other unidentified Nostoc sp. showed total lipid contents in the range of 7.9 to 11% dry 

weight. Similarly, Taton et al. (2012) showed total lipid (FAME and fat) content of 24.2% 

from Leptolyngbya sp. BL0902. 

Oscillatoria sp. SI-SF, SI-SK and SI-SA also showed high lipid contents of 21.332, 

18.674 and 12.233% dry weight respectively. Similarly, Rajeshwari and Rajashakher, 

(2011) showed similar lipid content of 20% from Oscillatoria calcuttensis. Conversely, 

Quintana et al. (2011) and Nagarkar et al. (2004) showed very high amounts of lipid 

contents of 57%, 47% and 32%  of dry weight from Oscillatoria subbrevis, Oscillatoria 

salina and Oscillatoria formosa respectively. Chroococcidiopsis thermalis SI-ST, 

Phormidium sp. SI-SC and Calothrix sp. SI-SV also showed high lipid contents of 

12.74%, 16.63% and 12% dry weight respectively. Not much study has been done on 

lipid content of Chroococcidiopsis sp. however, Quintana et al. (2011) and Nagarkar et al. 

(2004) showed similar lipid content from some unicellular cyanobacteria like 

Synechococcus sp. with lipid content of 28% dry weight, Synechocystis sp. with lipid 

content of 50% and Gleocapsa crepidinum with lipid content of 36% dry weight. 

Furthermore, Quintana et al. (2011) and Nagarkar et al. (2004) showed higher lipid 

content of 64% dry weight from Lyngbya semiplena, 11%, 34% and 22% dry weight from 

Phormidium sp., Phormidium corium and Phormidium tenue respectively and 64% and 

71% dry weight from Calothrix contanerii and Calothrix crustacea respectively. 

Schreckenbach et al. (2001) showed that Arthrospira sp. has a gross lipid production of 6 

to 8%. Danxiang et al. (2004) showed that Nostoc sp. has a gross lipid production of 5 to 

6%, whereas Aphanizomenon flos-aquae has 2 to 8%. In light of these commercially 

important cyanobacteria, the 8 isolated cyanobacterial strains have shown higher 

production of total lipids.  

For the determination of secondary phycochemicals from cyanobacteria, careful selection 

on the type of solvent is necessary. The properties of a good solvent includes; low 

toxicity, ease of evaporation at low heat, promotion of rapid physiological absorption of 

extracts, preservative action, prevents extracts to complex or dissociate (Tiwari et al., 

2011). Furthermore, the factors that make a solvent ideal for secondary phycochemical 

extraction are; quantity of phycochemicals extracted by the solvent, rate of extraction and 

diversity of biologically active compounds extracted (Tiwari et al., 2011).  

To determine the secondary phycochemicals of 8 isolated cyanobacterial strains, various 

extraction solvents and solvent mixtures were applied with varying polarities which 

included; water, 70% aqueous methanol, absolute methanol, absolute acetone, absolute 
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chloroform, absolute hexane and a mixture of acetone: 2% acidified (acetic acid) 

methanol: chloroform in a 10:8:6 ratio. The highest amount of extract yield was obtained 

from the water extracts which showed extract yield in the range of 307.0 mg g-1 in 

Oscillatoria strain SI-SK and 702.1 mg g-1 in Nostoc sp. SI-SN. Although, water yielded 

the highest extracts by weight however when they were screened for secondary 

phycochemicals, only phenolic acids, reducing sugars and saponins were detected and 

saponins were even absent in water extracts of strains SI-SK and SI-SV. Water is a 

universal solvent and can dissolve salts, proteins, sugars, water soluble phenolic 

compounds, water soluble pigments, nucleic acids, amino acids and other water soluble 

pigments like MAA from cyanobacterial biomass which could account for its high 

amount of extract yield. 70% methanol yielded extract in range of 12.21 mg g-1 in 

Oscillatoria sp. SI-SK and 28.87 mg g-1 in Leptolyngbya sp. SI-SM. When screened for 

secondary phycochemicals, it was seen that only phenolics, flavonoids, reducing sugars 

and saponins were present in less to moderate quality and in strains SI-SC and SI-SV 

saponins were absent whereas sterols were only present in less quality in strains SI-SA, 

SI-SM and SI-SN but in the strain SI-SF, it was present in moderate quality. Absolute 

methanol yielded extracts in the range of 16.61 mg g-1 in Calothrix sp. SI-SV and 45.73 

mg g-1 in Chroococcidiopsis thermalis SI-ST wheras absolute acetone yielded extracts in 

the range of 42.66 mg g-1 in Oscillatoria sp. SI-SF and 106.9 mg g-1 in Leptolyngbya sp. 

SI-SM. When secondary phycochemicals were screened, it was seen that alkaloids, 

phenolics, flavonoids, sterols and terpenoids were present in less to moderate quality 

however, saponins were not detected in methanol extracts of strains SI-SC and SI-SV  

whereas, saponins were completely absent in acetone extracts of all the strains. On the 

other hand, sterols were only present in methanolic extracts of strains SI-SF, SI-SV and 

SI-ST whereas in acetone extracts sterols were only present in strains SI-SC, SI-SV and 

SI-ST. Conversely, most of the phycochemicals were extracted when acetone was used in 

combination with 2% acidified methanol and chloroform (AMC) as AMC extracts 

revealed great diversity of phycochemicals (Table 5.3) with high amounts of alkaloid, 

saponins, terpenoids, sterols, cardiac glycosides, reducing sugars, phenols and flavonoids 

from all the strains except strain SI-SF and SI-SK in which cardiac glycosides were 

absent. Similarly, Scholz and Liebezeita, (2006) also showed presence of alkaloids, 

saponins, phenolic compounds and flavonoids in 24 different microalgal and 

cyanobacterial species. Furthermore, Chandrabhan et al. (2012) also showed presence of 
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glycosides, flavonoids, alkaloids, terpenoids, phenolics in crude extracts of Spirulina 

platensis however saponins were absent. 

The therapeutically important compounds genrally belong to the classes of alkaloids, 

phenolics and flavonoids and so they were quantified spectrophotometrically. The 

alkaloid content ranged from 7.37 mg BE g-1 Phormidium sp. SI-SC to 27.72 mg BE g-1 in 

Oscillatoria sp. SI-SF. Abdel-Hafez et al. (2015) also reported  high alkaloids of 473.31 

and 378.12 mg l-1  in culture filterates of Oscillatoria sp. and Nostoc muscorum  

respectively. On GC-MS analysis they further showed presence of nonharmane in these 

cyanobacteria which is a potent bioactive β-carboline (indole alkaloid) and is a 

monoamine oxidase inhibitor. More than 4000 strains of cyanobacteria have been studied 

to date, with more than 1000 secondary metabolites described which includes over 70 

indole alkaloids. These alkaloids include hapalindoles, fischerindoles, welwitindolinones, 

ambiguines, hapalindolinones, hapaloxindoles and fontonamides. All have polycyclic 

carbon skeletons derived from L-tryptophan and geraniol pyrophosphate and possess 

diverse biological activities, such  cytotoxic, anticancer, antibacterial, antifungal, and 

antialgal activities. Cyanobacteria also produce a number of deadly alkaloids that 

includes: neurotoxic alkaloids like anatoxin-a which is infamously known as as “Very 

Fast Death Factor” (VFDF) as it cause death within a few minutes, saxitoxins which is 

also a very potent neurotoxin and clyndrospermospsins which show specific toxicity to 

liver and kidneys (Elshafey et al., 2015).  

The phenolic compounds, particularly the complex flavonoids, are the important class of 

antioxidants. In the present study, total phenolic contents varied from 3.9 to 12.60 mg 

GAE g-1 dw which accounted for 0.39% to 1.26% dw. These values are supported by the 

values reported for 12 species of phytoplankton by Hajimahmoodi et al. (2010) which 

ranged from 0.43 to 19.82 mg GAE g-1. Li et al. (2007) evaluated the total phenolic 

content of 23 species of cyanobacteria. The values obtained for all the species (3.59 to 

19.03 mg GAE g-1) except Nostoc ellipsosporum CCAP 1453/17 which showed high 

value (60.35 mg GAE g-1) support the phenolic contents of isolated species. The phenolic 

contents of 32 phytoplankton species reported by Goiris et al. (2012) were lower than the 

values obtained in the present study which was ranged from 0.5 to 4.6 mg GAE g-1. 

Pumas et al. (2011) reported the phenolic contents of four cyanobacteria species, namely, 

Phormidium, Leptolyngbya, Scytonema and Cyanosarcina, and values were 6.16, 7.44, 

3.20 and 2.36 mg GAE g-1, respectively. Flavonoids have been reported as antioxidants, 

scavengers of a wide range of reactive oxygen species and inhibitors of lipid peroxidation, 
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and also as potential therapeutic agents against a wide variety of diseases (Kumar and 

Panday, 2013). The total flavonoid content of isolates ranged from 1.71 to 3.44 mg RE g-1 

dry weight which accounted for 0.171% to 0.344% dry weight. Similar values were 

reported in Spirulina platensis (1.4 mg catechin equivalent g-1) by Shanmugapriya and 

Ramanathan, (2012). Although, it as seen that the total phenolic content of strains SI-SF 

and SI-ST were low however, they showed high flavonoid content.  
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CHAPTER: 06 

BIOACTIVITY AND TOXICITY SCREENING  

Bioactivity refers to beneficial or adverse effects of a chemical substance on a living 

organism whereas toxicity is the degree of a chemical substance to cause damage in living 

cell or an organism. Cyanobacteria produce variety of secondary metabolites, mostly still 

unknown, with diverse functions. Most of these metabolites belong to groups of non-

ribosomal peptides (NRP), polyketides, amides, macrolides, fatty acids, lipopeptides, 

alkaloids, terpenoids, carbohydrates, fatty acids etc. (Gacheva and Gigova, 2014). 

Secondary metabolites do not play role in growth and reproduction of an organisms, 

however they have ecological roles as defense molecules by exerting cytotoxic, 

antimicrobial, genotoxic, mutagenic and teratogenic activities (Kennedy and Wightman, 

2011). They mostly accumulate in cyanobacterial cells in large quantities during or at the 

end of the exponential phase of the growth under optimized conditions (Stucken et al., 

2014). Among these secondary metabolites, most of the bioactive potential has been 

shown by cyclic and linear peptides which have shown diversity in their structure and 

function due to dynamic modifications through epimerization, glycosylation, acylation, 

formylation, methylation, halogenation and/or sulfation (Vestola et al., 2014). These 

peptides are mostly toxic and are collectively termed as cyanotoxins.  

The cyanotoxins are the most notorious compounds that pose threat to animals and 

humans which have alarmingly become abundant in surface water now-a-days due to 

climatic change and extreme anthropogenic activities (Zanchett and Oliveira-Filho, 2013). 

These cyanotoxins are classified into two categories based on their bioactivities; 

cytotoxins and biotoxins. Cytotoxins present toxicity that affects basic cellular functions 

common to all living cells as there is still no data from natural sources that have shown 

lethality towards animals and humans (Rao et al., 2015). These cytotoxins are very 

dynamic in their chemical structures and their consequential damage to cellular systems 

and thus are divided into three main classes; aromatic and/or aliphatic peptides, alkaloids 

and lipopolysaccharides (LPS) (Zanchett and Oliveira-Filho, 2013). Biotoxins, on the 

other hand, have shown lethality and adverse effects towards a whole organism (Singh 

and Dhar, 2013). These toxins can work by various mechanisms (discussed in chapter 1) 

such as; hepatotoxicity, neurotoxicity and can induce acute symptoms in humans ranging 

from gastroenteritis, fever, irritation of skin, eyes and soft tissues and sometimes death 
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from smooth muscle paralysis in case of neurotoxins (Nybom, 2013). Chronic exposure 

with these cyanotoxins is also linked with tumor promotion (Svirčev et al., 2014). 

Microcystin, a cyclic heptapeptide hepatotoxin is one of the most commonly found 

cyanotoxins in various genera of cyanobacteria foremost of which is Microcystis with 

more than 80 known variants (Harke et al., 2016). Neurotoxins like anatoxin-a and 

saxitoxin are limited to specific genera of cyanobacteria mainly; Anabaena, 

Cylinderospermopsis and Aphanizomenon (Boopathi and Ki, 2014).While most of the 

toxic effects have been attributed to cyanotoxins, cyanobacterial biomass (intracellular) 

and exudate (extracellular) extracts have also shown far more potent toxic effects than a 

pure cyanotoxin in equivalent concentrations (Laughinghouse et al., 2012). It is therefore 

considered that cyanobacteria not only possess various metabolites with unknown activity 

but also cyanotoxins of unknown functions (Manganelli et al., 2012). 

Cyanobacteria sure are notorious for producing these potent toxic compounds but their 

extracts have also been proven to contain nutraceutically and pharmacologically 

beneficial bioactive compounds with potential for new drug leads and cell reagents (De 

Morais et al., 2015). Important nutraceutical and pharmaceutical biological effects 

include: antioxidant, anticancer and antimicrobial activities. These bioactivities are 

generally screened with chemical and biological techniques since there are no specific 

guidelines for bioactivity screening (Herrero et al., 2013). Furthermore, several direct and 

indirect methods can be applied to extract as much information as possible about the 

bioactivities of the extracts. Direct methods involve screening of bioactive compounds 

whereas indirect methods are involved in the bioactivities of the targeted compounds 

(Herrero et al., 2013). Applications of analytical techniques like TLC, HPLC, GC, MS 

and NMR can be used for the direct detection of these bioactive commodities (Rasheed et 

al., 2013). Indirect methods further involve bioassays that depend on eukaryotic and 

prokaryotic organisms to screen for cytotoxic, antimicrobial and anticancer activities 

(Biniarz et al., 2016).  

In order to screen the bioactivity and toxicity, the isolated cyanobacterial strains were 

grown in complete BG-11 media under optimized conditions till they reached their early 

stationary phase as most secondary metabolites are accumulated in the biomass at this 

phase of cyanobacterial growth (Stucken et al., 2014). Due to the production of unique 

variety of compounds by cyanobacteria having both hydrophobic and hydrophilic 

qualities, it is necessary to properly extract these compounds in appropriate solvents. 

Based on the previous phycochemical analysis (chapter 5), four kinds of extracts were 
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prepared for each of 8 isolated cyanobacterial strains in the solvents having different 

polarities which extracted highest amount of compounds. All the hydrophilic compounds 

were extracted in milli-Q water whereas, various categories of hydrophobic compounds 

were extracted in different organic solvents which included; methanol, a polar protic 

solvent that solvates anions via hydrogen bonding, acetone, a polar aprotic solvent that 

solvates positively charged species via their negative dipole (Basavaraja et al., 2015) and 

a mixture of acetone, acidified methanol (2% acetic acid) and chloroform. This solvent 

mixture was used in a 10:8:6 ratios to extract variety of compounds having non-polar, 

moderately polar and highly polar properties and was termed as AMC extracts. The 

aqueous extracts were lyophilized, weighed, redissolved in sterilized milli-Q water and 

then filter sterilized whereas organic extracts were vacuumed dried, weighed and 

redissolved in 10% DMSO in sterilized milli-Q water and then diluted to 0.2% DMSO 

(final concentration) before bioactive screening. 

Antioxidant Activity of Cyanobacterial Extracts 

The antioxidant activities of aqueous, methanolic, acetone and AMC extracts of 8 

cyanobacterial strains were screened with indirect quantitative and qualitative chemical 

methods. The quantitative methods involved the use of two free radicals ABTS+ (2,2′-

azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) and DPPH+ (1,1-Diphenyl-2-picryl-

hydrazyl) which in their free state have maximum absorbance at 734 and 520 nm 

respectively. The percentage antioxidant activities of cyanobacterial extracts were 

calculated by recording the decrease in the absorbance of ABTS and DPPH in presence 

and absence of extracts from which the overall antioxidant activities were expressed in 

terms of EC50 values, which was the concentration of the extract or standard at which 

50% of the free radical was scavenged. EC50 values indicate the effectiveness of an 

antioxidant compound. The lower the EC50 value, the higher the antioxidant potential of a 

sample. EC50 values were calculated with non-linear regression analysis. Trolox and 

ascorbic acid were used as standard antioxidants in ABTS and DPPH assay respectively. 

The qualitative method involved TLC bioautographic detection of antioxidant compounds 

with 0.2% DPPH.  

The results of ABTS assay showed common trend among all the strains with highest 

antioxidant activity in terms of EC50 value observed in descending order of aqueous 

extracts > AMC extracts > acetone > methanolic extracts. The extracts scavenged ABTS 

radicals in a dose-dependent manner measured between the concentration range of 10 to 
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800 µg ml-1. The positive control Trolox (a water soluble analogue of vitamin E) showed 

the lowest EC50 value of 7.96 µg ml-1 and at highest concentration of 25 µg ml-1, it 

showed 94% inhibition of ABTS (Figure 6.1 a). In case of aqueous extracts the lowest 

EC50 value of 18.54 µg ml-1 was shown by Oscillatoria sp. SI-SA where at highest 

concentration of 800 µg ml-1, it showed 93.46% ABTS inhibition. The aqueous extracts of 

Nostoc sp. SI-SN, Leptolyngbya sp. SI-SM and Calothrix sp. SI-SV also showed low 

EC50 values of 22.11, 24.43 and 28.31 µg ml-1 respectively (Figure 6.1 a). At highest 

concentration of 800 µg ml-1 they showed 92.76, 93.4 and 90.42% ABTS inhibition 

respectively. Phormidium sp. SI-SC and Oscillatoria sp. SI-SF also showed low EC50 

values of 37.95 and 46.76 µg ml-1 respectively however at highest concentration of 800 

µg ml-1 they showed comparatively lower percentage ABTS inhibition of 85.15 and 

78.95% respectively (Figure 6.1 a). Oscillatoria sp. SI-SK and Chroococcidiopsis 

thermalis SI-ST showed comparatively higher EC50 values of 52.97 and 67.21 µg ml-1 

respectively and showed comparatively lower ABTS inhibition of 74.69 and 54.69% at 

highest concentration of 800 µg ml-1 (Figure 6.1 b). In case of AMC extracts the lowest 

EC50 value of 36.39 µg ml-1 was shown by Nostoc sp. SI-SN where at highest 

concentration of 800 µg ml-1, it showed 89.13% ABTS inhibition followed by AMC 

extracts of Leptolyngbya sp. SI-SM, Calothrix sp. SI-SV and Phormidium sp. SI-SC with 

EC50 values of 48.01, 53.04 and 58.10 µg ml-1 respectively (Figure 6.1 b). At highest 

concentration of 800 µg ml-1 they showed 86.9, 87.71 and 85.35% ABTS inhibition 

respectively. Chroococcidiopsis thermalis SI-ST and Oscillatoria sp. SI-SA showed EC50 

values of 65.70 and 67.14 µg ml-1 respectively. At highest concentration of 800 µg ml-1 

they showed 89.55 and 68.94% ABTS inhibition respectively (Figure 6.1 b). Conversely, 

Oscillatoria sp. SI-SF and Oscillatoria sp. SI-SK showed comparatively higher EC50 

values of 75.62 and 87.73 µg ml-1 respectively. At highest concentration of 800 µg ml-1 

they however showed high ABTS inhibition of 89.55 and 85.16% respectively (Figure 6.1 

b). The lowest EC50 value of 61.31 µg ml-1, in case of acetone extracts of cyanobacterial 

isolates, was shown by Calothrix sp. SI-SV with ABTS inhibition of 82.15% at highest 

concentration of 800 µg ml-1. The acetone extracts of Leptolyngbya sp. SI-SM and 

Oscillatoria sp. SI-SA and Nostoc sp. SI-SN showed EC50 values of 79.63, 86.36 and 

89.92 µg ml-1 respectively (Figure 6.1 a). At highest concentration of 800 µg ml-1 they 

showed 89.55, 80.10 and 78.25% ABTS inhibition respectively. Chroococcidiopsis 
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thermalis SI-ST and Phormidium sp. SI-SC showed comparatively higher EC50 values of 

105.9 and 114.6 µg ml-1 respectively. At highest concentration of 800 µg ml-1 strain SI-ST 

showed comparatively lower percentage ABTS inhibition of 65.37% whereas strain SI-SC 

showed higher ABTS inhibition of 77.14%. (Figure 6.1 a). Oscillatoria sp. SI-SK and 

Oscillatoria sp. SI-SF comparatively showed the highest EC50 values of 129.6 and 133.8 

µg ml-1 respectively and showed comparatively lower ABTS inhibition of 71.13 and 

55.42% at highest concentration of 800 µg ml-1 (Figure 6.1 a). Conversely, the methanolic 

extracts of cyanobacterial extracts showed low ABTS radical scavenging efficiency with 

lowest EC50 value of 143 µg ml-1 recorded in case of Nostoc sp. SI-SN with ABTS 

inhibition of 75.42% at highest concentration of 800 µg ml-1 closely followed by 

methanolic extracts of Leptolyngbya sp. SI-SM with EC50 value of 147.8 µg ml-1 with 

ABTS inhibition of 61.1% at highest concentration of 800 µg ml-1. The methanolic 

extracts of Calothrix sp. SI-SV and Chroococcidiopsis thermalis SI-ST showed similar 

EC50 values of 197.4 and 198.4 µg ml-1 respectively (Figure 6.1 a) and at highest 

concentration of 800 µg ml-1 they showed low ABTS inhibition of 66.22 and 46.52% 

respectively. Chroococcidiopsis thermalis SI-ST and Phormidium sp. SI-SC showed 

comparatively higher EC50 values of 105.9 and 114.6 µg ml-1 respectively. At highest 

concentration of 800 µg ml-1 strain SI-ST showed comparatively lower percentage ABTS 

inhibition of 65.37% whereas strain SI-SC showed higher ABTS inhibition of 77.14%. 

(Figure 6.1 a). Oscillatoria sp. SI-SK and Oscillatoria sp. SI-SF comparatively showed 

the highest EC50 values of 129.6 and 133.8 µg ml-1 respectively and showed 

comparatively lower ABTS inhibition of 71.13 and 55.42% at highest concentration of 

800 µg ml-1 (Figure 6.1 a). The extracts of Phormidium sp. SI-SC, Oscillatoria sp. SI-SF, 

Oscillatoria sp. SI-SK and Oscillatoria sp. SI-SA showed comparatively higher EC50 

values of 217.1, 232.4, 240.8 and 271.7 µg ml-1 respectively however strain SI-SA showed 

higher ABTS inhibition of 64.75% followed by strain SI-SK, SI-SF and SI-SC with 

ABTS inhibition of 63.96, 58.1 and 46.62% at highest concentration of 800 µg ml-1 

(Figure 6.1 a). 

Similar results were obtained when DPPH was used as a free radical with highest 

antioxidant activity in terms of EC50 value observed in descending order of aqueous 

extracts > AMC extracts > acetone > methanolic extracts however, when compared with 

the results of the ABTS assay, it was observed that DPPH gave higher EC50 values and 
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(A).  (B).  (B´).   (C).  

(C´). (D).  (D´). (E).  

(E´).

Figure 6.1 a:   ABTS antioxidation assay of eight isolated cyanobacterial strains. (A). Positive control Trolox 

presented with log transformed concentrations ranging from 0-25 µg ml-1. (B-B´) aqueous extracts, (C-C´) AMC 

extracts, (D-D´) acetone extracts (E-E´) methanolic extracts of isolated cyanobacterial strains. The doses of the 

extracts are presented as log transformed concentrations ranging from 10-800 µg ml-1. Bars represent mean ± SEM of 

three technical replicates. The EC50 values were derived from the data by applying non-linear regression curve-fit with 

95% confidence interval.    
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giving lower percentage inhibition of DPPH at highest concentration. Nonetheless, the 

extracts scavenged DPPH radicals in a dose-dependent manner measured between the 

concentration range of 10 to 800 µg ml-1. The positive control ascorbic acid (vitamin C) 

showed the lowest EC50 value of 6.25 µg ml-1 and at highest concentration of 25 µg ml-1, 

it showed 94% inhibition of DPPH (Figure 6.1 b). In case of aqueous extracts the lowest 

EC50 value of 21.15 µg ml-1 was shown by Oscillatoria sp. SI-SA where at highest 

concentration of 800 µg ml-1, it showed 90.28% DPPH inhibition. The aqueous extracts of 

Nostoc sp. SI-SN, Leptolyngbya sp. SI-SM and Calothrix sp. SI-SV also showed low 

EC50 values of 26.17, 27.49 and 32.44 µg ml-1 respectively (Figure 6.1 b). At highest 

concentration of 800 µg ml-1 they showed 88.9, 86.3 and 87.44% DPPH inhibition 

respectively. Phormidium sp. SI-SC and Oscillatoria sp. SI-SF also showed low EC50 

values of 41.57 and 49.98 µg ml-1 respectively however at highest concentration of 800 

µg ml-1 they showed comparatively lower percentage DPPH inhibition of 79.82 and 

69.35% respectively (Figure 6.1 b). Oscillatoria sp. SI-SK and Chroococcidiopsis 

thermalis SI-ST showed comparatively higher EC50 values of 57.32 and 73.73 µg ml-1 

respectively and showed comparatively lower DPPH inhibition of 66.2 and 53.94% at 

highest concentration of 800 µg ml-1 (Figure 6.1 b). In case of AMC extracts the lowest 

EC50 value of 44.72 µg ml-1 was shown by Nostoc sp. SI-SN where at highest 

concentration of 800 µg ml-1, it showed 84.89% DPPH inhibition followed by AMC 

extracts of Leptolyngbya sp. SI-SM, Calothrix sp. SI-SV and Phormidium sp. SI-SC with 

EC50 values of 54.83, 57.64 and 64.64 µg ml-1 respectively (Figure 6.1 b). At highest 

concentration of 800 µg ml-1 they showed 79.14, 81.80 and 78.67% DPPH inhibition 

respectively. Chroococcidiopsis thermalis SI-ST and Oscillatoria sp. SI-SA showed EC50 

values of 67.84 and 74.80 µg ml-1 respectively. At highest concentration of 800 µg ml-1 

they showed 83.46 and 67.22% DPPH inhibition respectively (Figure 6.1 b). Conversely, 

Oscillatoria sp. SI-SF and Oscillatoria sp. SI-SK showed comparatively higher EC50 

values of 80.53 and 95.73 µg ml-1 respectively. At highest concentration of 800 µg ml-1 

they showed DPPH inhibition of 78.14 and 69.86% respectively (Figure 6.1 b). The 

lowest EC50 value of 76.62 µg ml-1, in case of acetone extracts of cyanobacterial isolates, 

was shown by Calothrix sp. SI-SV with DPPH inhibition of 74.86% at highest 

concentration of 800 µg ml-1. The acetone extracts of Leptolyngbya sp. SI-SM and 

Oscillatoria sp. SI-SA, Nostoc sp. SI-SN and Chroococcidiopsis thermalis SI-ST showed 

EC50 values of 95.57, 102.5, 103.2 and 110.9 µg ml-1 respectively (Figure 6.1 b). At 

highest concentration of 800 µg ml-1 they showed 53.85, 53.7, 53.46 and 53.27% DPPH 
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inhibition respectively. Phormidium sp. SI-SC, Oscillatoria sp. SI-SK and Oscillatoria 

sp. SI-SF showed comparatively higher EC50 values of 121.8, 132.5 and 136.0 µg ml-1 

respectively and showed comparatively lower DPPH inhibition of 43.49, 42.71 and 

40.18% at highest concentration of 800 µg ml-1 (Figure 6.1 b). Conversely, the 

methanolic extracts of cyanobacterial extracts showed low DPPH radical scavenging 

efficiency with lowest EC50 value of 163.6 µg ml-1 recorded in case of Nostoc sp. SI-SN 

with DPPH inhibition of 54.78% at highest concentration of 800 µg ml-1 followed by 

methanolic extracts of Leptolyngbya sp. SI-SM and Calothrix sp. SI-SV with EC50 values 

of 186.3 and 216.4 µg ml-1 respectively with DPPH inhibition of 51.89 and 49.84% 

respectively at highest concentration of 800 µg ml-1. The methanolic extracts of 

Phormidium sp. SI-SC showed EC50 values of 239.2 µg ml-1 closely followed by 

methanolic extracts of and Oscillatoria sp. SI-SA with EC50 values of 242.6 µg ml-1. At 

highest concentration of 800 µg ml-1 Phormidium sp. SI-SC showed low DPPH inhibition 

of 46.52 whereas strain SI-SA showed comparatively higher DPPH inhibition of 51.75%. 

(Figure 6.1 b). Chroococcidiopsis thermalis SI-ST, Oscillatoria sp. SI-SK and 

Oscillatoria sp. SI-SF comparatively showed the higher EC50 values of 253.6, 264.4 and 

357.7 µg ml-1 respectively and showed comparatively lower DPPH inhibition of 39.66, 

42.76 and 41.76% at highest concentration of 800 µg ml-1 (Figure 6.1 b).  

TLC Bioautographic Antioxidant Assay 

The qualitative method to determine the presence of variety of antioxidant compounds 

was done with the help of TLC fingerprinting. An aliquot of aqueous, methanolic, acetone 

and AMC extracts was directly spotted onto the pre-coated aluminum-back silica gel 

plates. TLC plates of aqueous extracts were developed in solvent mixture of butanol‒

acetic acid‒water in a ratio of 4:5:1 whereas methanolic, acetone and AMC extracts were 

developed in pentane, ethyl acetate, acetone and methanol in a ratio of 4:1:1:0.4. The 

developed plates were removed and allowed to air dry. The TLC plates were then sprayed 

with 0.2% DPPH methanolic solution to detect presence of antioxidant compounds by 

monitoring the appearance of yellow or colorless spots (bleaching effect) on the purple 

background after 5 to 10 minutes. Various bands of compounds were also observed under 

visible light, near UV light of 366 ηm and far UV light of 254 ηm. The highest number of 

antioxidant compounds was observed in AMC extracts followed by acetone, methanolic 

and aqueous extracts (Table 6.1 a). This might be the case when compound numbers were 

in question however; in case of antioxidant intensity, it was observed that comparatively 
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(A). (B). (B´). (C).  

(C´). (D). (D´). (E).  

(E´).   

Figure 6.1 b:   DPPH antioxidation of eight isolated cyanobacterial strains. (A). Positive control Ascorbic acid 

presented with log transformed concentrations ranging from 0-25 µg ml-1. (B-B´) aqueous extracts, (C-C´) AMC 

extracts, (D-D´) acetone extracts (E-E´) methanolic extracts of isolated cyanobacterial strains. The doses of the extracts 

are presented as log transformed concentrations ranging from 10-800 µg ml-1. Bars represent mean ± SEM of three 

technical replicates. The EC50 values were derived from the data by applying non-linear regression curve-fit with 95% 

confidence interval.    
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the antioxidant effects were more pronounced in aqueous extracts mainly from antioxidant 

compounds giving Rf values of 0.00. These compounds were depicted to be highly polar, 

forming strong bonds with the inorganic solid matrix belonging to the group of 

phycobiliproteins (PBP); phycocyanin and phycoerythrin giving blue and pink spots in the 

aqueous extracts of strains SI-SA, SI-SF, SI-SK, SI-SM, SI-SC, SI-SV, SI-ST and SI-SN 

respectively under visible light and crimson and yellow fluorescence under UV light of 366 

ηm (Table 6.1 a and b) (Figure 6.2). Conversely, under far UV light of 254 ηm very few 

UV absorbing compounds were observed with much of them in the extracts of Oscillatoria 

sp. SI-SA and Calothrix sp. SI-SV which appeared black in color belong to polar mid-polar 

and non-polar classes with Rf values ranging from 0.00 to 0.96 and 0.00 to 0.95 

respectively (Table 6.1 a and b) (Figure 6.2). So, apart from PBPs, other aromatic 

compounds, amino acids, phenolics and other UV absorbing compounds were also 

expected to be present in the aqueous extracts of isolated cyanobacterial strains.  

In case of AMC extracts, Leptolyngbya sp. SI-SM showed 10 antioxidant compounds of 

polar, mid-polar and non-polar nature with Rf values ranged between 0.00 to 0.98 (Table 

6.1 a) (Figure 6.2). When observed under UV light of 366 ηm the extracts of Leptolyngbya 

sp. SI-SM showed maximum of 13 compounds with Rf values ranging between 0.00 to 0.98 

among which most pronounced antioxidation was shown by an orange colored polar 

compound with an Rf value of 0.15 followed by a yellow non-polar compound with an Rf 

value of 0.98 (Table 6.1 b) (Figure 6.2) whereas under far UV light of 254 ηm the extracts 

of Leptolyngbya sp. SI-SM showed maximum of 4 compounds with Rf values ranging 

between 0.00 to 0.98 with highly pronounced antioxidant compounds detected at Rf 0.00 

and 0.98. Conversely, Nostoc sp. SI-SN AMC extract showed 9 antioxidant compounds 

however comparatively, it produced the most intense polar antioxidant compounds with Rf 

values ranging between 0.00 to 0.70 as they showed higher bleaching effects than the rest 

of the extracts (Table 6.1 a) (Figure 6.2). Under UV light of 366 ηm these compounds were 

observed to be three polar compounds of red, blue and orange color with Rf values of 0.00, 

0.06 and 0.13 whereas under UV light of 254 ηm only two of these compounds were 

detected with Rf values of 0.00 and 0.12. Furthermore, under UV light of 366 ηm a yellow 

colored non-polar compound with an Rf value of 0.98 also showed high antioxidant activity 

which was observed under UV light of 254 ηm with same Rf value. Similarly, the extracts 

of Oscillatoria SI-SA, Oscillatoria sp. SI-SF, Phormidium sp. SI-SC, Calothrix sp. SI-SV 

and Chroococcidiopsis thermalis SI-ST also showed 9 antioxidant compounds with polar, 

mid polar and non-polar nature with Rf values ranging from 0.00 to 0.98 (Table 6.1 a) 



Bioactivity and Toxicity Screening Chapter 06 
 

191 
 

(Figure 6.2) however; in case of strains SI-SV, SI-ST and SI-SC, more pronounced 

antioxidant effects were shown by polar compounds with Rf values ranging from 0.00 to 

0.12, 0.20 and 0.19 respectively and non-polar compounds with Rf value of 0.98 in each 

case. Under UV light of 366 ηm, strain SI-ST showed three compounds of red (Rf, 0.00), 

orange (Rf, 0.15), and red (Rf, 0.20) colors. Strains SI-SC and SI-SV showed two 

compounds of red (Rf, 0.00) and orange (Rf, 0.19 and 0.15) respectively whereas under UV 

light of 254 ηm strain SI-ST, SI-SV and SI-SC showed only one of these antioxidant 

compounds with Rf values of 0.10, 0.11 and 0.00 respectively (Table 6.1 b) (Figure 6.2). 

Conversely, Oscillatoria sp. SI-SK showed lowest number of antioxidant compounds with 

8 polar, mid polar and non-polar antioxidant compounds giving Rf values in the range of 

0.00 to 0.98. Under UV light of 366 ηm, it showed three compounds of red (Rf, 0.00), blue 

(Rf 0.03), and orange (Rf, 0.15) colors whereas under UV light of 254 ηm it showed two of 

these antioxidant compounds with Rf values of 0.10, 0.11 respectively (Table 6.1 b) (Figure 

6.2). When AMC extracts were observed under visible light many pigmented compounds 

were detected with maximum number detected in the extracts of Nostoc sp. SI-SN with Rf 

values in the range of 0.00 to 0.98. Commonly present compound detected in the extracts 

of all the strains was a yellow colored β-carotene with typical Rf value of 0.98 gave much 

contribution in the antioxidation of the extracts. Furthermore, two bands of green colored 

chlorophyll-a and chlorophyll-b with typical Rf values in the range of 0.30 to 0.57 were 

also observed in the extracts of all the strains which also contributed towards antioxidation. 

Olive-green and gray bands typical of pheophytin; a compound produced from degradation 

of chlorophyll were also observed in extracts of all the strains with varying intensities with 

Rf values in the range of 0.52 to 0.58. red-orange colored carotene isomers and other 

carotenoid like yellow colored lutein was also detected in the extracts of all the strains 

except SI-SM with Rf values in the range of 0.81 to 0.49 (Table 6.1 b) (Figure 6.2). Another 

type of yellow to golden colored carotenoids; xanthophyll-1 and 2 were also observed 

where xanthophyll-1 was present in the extracts of strains SI-SA and SI-SK and two 

variants in strains SI-SM and SI-SC with typical Rf values in the range of 0.24 to 0.41 

whereas xanthophyll-2 was only detected in strains SI-SV and SI-SM with Rf value of 0.17 

in each case whereas strain SI-ST was observed to have two variants with typical Rf values 

of 0.17 and 0.19. This pigment also contributed towards antioxidation. Furthermore, all the 

extracts were observed to have polar phenolic compounds with Rf values of 0.00.              

Converse to AMC extracts, the acetone and methanolic extracts only showed antioxidant 

compounds with non-polar nature, mostly lipid soluble pigments. In acetone extracts the 
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highest number of antioxidant compounds were observed in the extracts of Nostoc sp. SI-

SN with 7 compounds giving Rf values in the range of 0.68 to 0.97. The extracts of 

Calothrix sp. SI-SV and Chroococcidiopsis thermalis SI-ST showed 6 antioxidant 

compounds with Rf values ranging from 0.60 to 0.97 and 0.70 to 0.95 respectively. Strains 

SI-SA, SI-SK, SI-SM and SI-SC showed 5 antioxidant compounds with Rf values ranging 

from 0.67 to 0.98 whereas strain SI-SF showed only 4 antioxidant compounds with Rf 

values in the range of 0.78 to 0.95. Under visible light these antioxidant compounds gave 

intense colorations with red-carotene; lycopene giving typical Rf value of 0.99. A yellow 

colored β-carotene was also observed in the extracts of strains SI-SM and SI-SK with 

typical Rf value of 0.98. Blue-green chlorophyll-a and dark-green chlorophyll-b was 

observed in the extracts of strains SI-SA, SI-SN, SI-SC and in little amount in SI-ST with 

Rf values in the range of 0.73 to 0.78 whereas only olive-green pheophytin was detected in 

strains SI-SV, SI-SK, SI-SM and SI-SF with Rf values in the range of 0.72 to 0.88. Lutein 

was detected in extract of strains SI-SK, SI-SV and SI-ST with Rf values of 0.76, 0.72 and 

0.72 respectively. Xanthophylls-1 and 2 were also seen present in extracts of all the strains 

with Rf values in the range of 0.62 to 0.69. Under UV light the compounds in the acetone 

extracts were strongly absorbed giving red and yellow fluorescence under 344 ηm and 

black spots under 254 ηm. A unique unknown compound with high intensity white 

fluorescence was also observed only under UV light of 366 ηm with Rf value of 0.89 (Table 

6.1 b) (Figure 6.2). 

The lowest amount of antioxidant compounds were observed in methanolic extracts with 

highest number of 4 compounds shown in the extract of strain SI-SM with Rf values in the 

range of 0.65 to 0.88 however, in case of intensity, the extracts of Nostoc sp. SI-SN showed 

more pronounced antioxidant effect with 2 spots detected at an Rf values of 0.74 and 0.99. 

Upon inspection under visible light it was observed that the methanolic extracts also 

contain high amounts of photosynthetic pigments with much contribution from β-carotene, 

lutein, chlorophyll-a and b and xanthophyll-1 and 2 which also absorbed near (366 ηm) and 

far (254 ηm) UV light efficiently giving dark spots however upon close inspection under 

366 ηm UV light much more compounds were observed which did not show antioxidation 

upon derivatization with 0.2% DPPH among which the highest variety was shown by the 

extracts of strain SI-SF and SI-ST with Rf values in the range of 0.5 to 0.89 and 0.39 to 

0.96 respectively. A compound showing intense pink fluorescence with Rf value of 0.34 

was observed under UV light of 366 ηm in the extracts of all the strains except strains SI-

SN and SI-SF however, this compound did not show any kind of antioxidation.                                     
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Table 6.1 a:  Screening of antioxidant compounds with TLC after derivatization with 

0.2% DPPH.  

    

 

Cyanobacterial Strains 

 

Extract 

Type 

Antioxidant Compounds 

No. of 

Bands 

Rf  values 

 

 

Oscillatoria sp. SI-SA 

Aqueous 

Methanolic 

Acetone 

AMC 

3 

3 

5 

9 

0.0, 0.93, 0.94 

0.64, 0.77, 0.79 

0.67, 0.78, 0.85, 0.86, 0.96 

0.0, 0.11, 0.21, 0.39, 0.49, 0.56, 0.66, 0.85, 

0.95. 

 

 

Oscillatoria sp. SI-SF 

Aqueous 

Methanolic 

Acetone 

AMC 

4 

3 

4 

9 

0.0, 0.26, 0.93, 0.94  

0.68, 0.76, 0.90 

0.78, 0.85, 0.88, 0.95 

0.0, 0.11, 0.42, 0.48, 0.55, 0.62, 0.84, 0.85, 

0.98. 

 

Oscillatoria sp. SI-SK 

Aqueous 

Methanolic 

Acetone 

AMC 

4 

3 

5 

8 

0.0, 0.72, 0.93, 0.94 

0.53, 0.60, 0.72  

0.67, 0.72, 0.80, 0.88, 0.95 

0.0, 0.15, 0.43, 0.49, 0.58, 0.67, 0.87, 0.98. 

 

 

Leptolyngbya sp. SI-SM 

Aqueous 

Methanolic 

Acetone 

AMC 

3 

4 

5 

10 

0.0, 0.68, 0.94   

0.65, 0.67, 0.81, 0.88 

0.70, 0.80, 0.88, 0.95, 0.97 

0.0, 0.11, 0.18, 0.26, 0.41, 0.46, 0.53, 0.63, 

0.84, 0.98. 

 

 

Phormidium sp. SI-SC 

Aqueous 

Methanolic 

Acetone 

AMC 

4 

2 

5 

9 

 

0.0, 0.57, 0.89, 0.98  

0.72, 0.83 

0.78, 0.81, 0.85, 0.86, 0.95. 

0.0, 0.11, 0.19, 0.36, 0.42, 0.5, 0.60, 0.90, 

0.98. 

 

 

Nostoc sp. SI-SN 

Aqueous 

Methanolic 

Acetone 

AMC 

4 

2 

7 

9 

0.0, 0.25, 0.70, 0.98 

0.74, 0.99  

0.68, 0.73, 0.75, 0.81, 0.85, 0.95, 0.97 

0.0, 0.13, 0.24, 0.41, 0.44, 0.52, 0.61, 0.86, 

0.99. 

 

 

Calothrix sp. SI-SV 

Aqueous 

Methanolic 

Acetone 

AMC 

3 

3 

6 

9 

0.0, 0.93, 0.94 

0.65, 0.69, 0.76 

0.60, 0.68, 0.78, 0.88, 0.95, 0.97 

0.0, 0.12, 0.37, 0.43, 0.52, 0.62, 0.71, 0.85, 

0.98. 

 

Chroococcidiopsis 

thermalis SI-ST 

Aqueous 

Methanolic 

Acetone 

AMC 

6 

3 

6 

9 

0.0, 0.38, 0.64, 0.81, 0.93, 0.94. 

0.79, 0.90, 0.97. 

0.70, 0.75, 0.81, 0.85, 0.86, 0.95. 

0.0, 0.12, 0.18, 0.30, 0.41, 0.49, 0.58, 0.82, 

0.98. 
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Table 6.1 b:   Detection of various antioxidant compounds in cyanobacterial extracts with 

TLC under visible and UV light. 

  
Strains 

Ext-

ract 

Type 

Visible Light UV 366 ηm UV  254 ηm 

Band 

No. 

Band 

Color 

Rf  

value 

Band 

No. 

Band 

Color 

Rf  

value 

 Band    

  No. 

Band

Color 

Rf  

value 
O

sc
il

la
to

ri
a

 s
p

. S
I-

S
A

 
   S

I-
S

A
 

 

 

AQ 

 

1 

- 

- 

- 

- 

- 

blue 

- 

- 

- 

- 

- 

0.00 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

crimson 

yellow 

white 

green 

orange 

white 

0.00 

0.32 

0.67 

0.86 

0.93 

0.99 

1 

2 

3 

4 

- 

- 

black 

black 

black 

black 

- 

- 

0.00 

0.15 

0.62 

0.96 

- 

- 

 

 

Meth 

1, 2,  

3, 4,  

5, 6, 

7, 8. 

- 

- 

Yellow, gray, 

yellow, b-green,  

d-green, yellow, 

golden, yellow. 

- 

- 

0.58, 0.63 

0.67, 0.72 

0.74, 0.82 

0.87, 0.91 

- 

- 

1 

2 

3 

4 

5 

- 

pink 

pink 

blue 

black 

pink 

- 

0.34 

0.58 

0.65 

0.75 

0.86 

- 

1 

2 

3 

4 

5 

6 

black 

black 

black 

black 

black 

black 

0.57 

0.62 

0.64 

0.72 

0.79 

0.86 

 

 

Ace 

1, 2,  

3, 4,  

5, 6. 

7 

- 

- 

Brown, golden, 

gray, golden,  

b-green, d-green, 

r-orange 

- 

- 

0.63, 0.64, 

0.65, 0.71, 

0.76, 0.78, 

0.85, 0.99. 

- 

- 

1 

2 

3 

4 

5 

6 

Brown 

Brown 

Brown 

White 

Red 

yellow 

0.69 

0.8 

0.87 

0.89 

0.95 

0.98 

1 

2 

3 

4 

5 

- 

black 

black 

black 

black 

black 

- 

0.70 

0.80 

0.85 

0.94 

0.98 

- 

 

 

 

 

 

AMC 

1, 2,  

3, 4,  

5, 6,  

7, 8,  

9, 10, 

11, 12. 

- 

- 

- 

- 

- 

Golden, golden, 

golden, brown, 

yellow, golden,  

b-green, b-green, 

gray, yellow, 

golden, yellow. 

- 

- 

- 

- 

- 

0.00, 0.10, 

0.16, 0.22, 

0.38, 0.41, 

0.52, 0.56, 

0.57, 0.68, 

0.95, 0.99 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Yellow 

Orange 

Red 

Red 

Red 

Red 

Red 

Red 

Red 

White 

yellow 

0.00 

0.1 

0.24 

0.4 

0.52 

0.58 

0.67 

0.78 

0.87 

0.92 

0.98 

1 

2 

3 

4 

5 

6 

- 

- 

- 

- 

- 

black 

black 

black 

black 

black 

black 

- 

- 

- 

- 

- 

0.04 

0.39 

0.56 

0.66 

0.86 

0.98 

- 

- 

- 

- 

- 

O
sc

il
la

to
ri

a
 s

p
. S

I-
S

F
 

 

 

 

AQ 

1 

- 

- 

- 

- 

- 

Blue 

- 

- 

- 

- 

- 

0.00 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

crimson 

crimson 

crimson 

crimson 

crimson 

brown 

0.00 

0.65 

0.74 

0.89 

0.93 

0.98 

1 

2 

3 

4 

- 

- 

black 

black 

black 

black 

- 

- 

0.00 

0.62 

0.86 

0.96 

- 

- 

 

 

 

Meth 

1, 2,  

3, 4,  

5, 6, 

7, 8. 

- 

- 

- 

Yellow, gray, 

yellow, b-green,  

d-green, golden, 

yellow, yellow. 

- 

- 

- 

0.62, 0.63 

0.68, 0.75 

0.77, 0.84 

0.93, 0.98 

- 

- 

- 

1 

2 

3 

4 

5 

6 

- 

pink 

blue 

brown 

black 

brown 

pink 

- 

0.5 

0.65 

0.68 

0.77 

0.82 

0.89 

- 

1 

2 

3 

4 

5 

6 

7 

black 

black 

black 

black 

black 

black 

black 

0.59 

0.64 

0.67 

0.74 

0.76 

0.83 

0.91 

 

 

Ace 

1, 2,  

3, 4,  

5, 6. 

- 

- 

- 

Yellow, gray, 

golden, r-orange, 

gray, golden. 

- 

- 

- 

0.71, 0.72, 

0.76, 0.85, 

0.89, 0.97 

- 

- 

- 

1 

2 

3 

4 

5 

6 

red 

red 

red 

white 

red 

yellow 

0.73 

0.76 

0.84 

0.86 

0.90 

0.98 

1 

2 

3 

4 

5 

- 

black 

black 

black 

black 

black 

- 

0.75 

0.80 

0.89 

0.94 

0.98 

- 

 

 

 

 

 

 

AMC 

1, 2,  

3, 4, 

5, 6,  

7, 8, 

9, 10. 

- 

- 

- 

- 

- 

- 

- 

r-orange, brown, 

brown, green,  

o-green, green, 

orange, gray, 

orange, l-orange, 

yellow. 

- 

- 

- 

- 

- 

- 

0.00, 0.00, 

0.09, 0.15, 

0.26, 0.31, 

0.49, 0.53, 

0.58, 0.81 

0.98.  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

red 

orange 

red 

red 

red 

red 

red 

red 

orange 

white 

orange 

yellow 

0.00 

0.09 

0.13 

0.21 

0.44 

0.52 

0.56 

0.69 

0.8 

0.86 

0.96 

0.98 

1 

2 

3 

4 

- 

- 

- 

- 

- 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

- 

- 

- 

- 

- 

0.00 

0.53 

0.86 

0.96 

- 

- 

- 

- 

- 

- 

- 

- 
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Table 6.1 b:   Continue……… 
 

Strains 

Ex- 

tract 

Type 

Visible Light UV 366 ηm UV  254 ηm 

Band 

No. 

Band Color Rf  

value 

Band 

No. 

Band 

Color 

Rf  

value 

Band 

No. 

Band 

Color 

Rf  

value 

O
sc

il
la

to
ri

a
 s

p
. S

I-
S

K
 

 

 

AQ 

 

 

1 

2 

3 

- 

- 

blue 

green 

orange 

- 

- 

0.00 

0.75 

0.85 

- 

- 

1 

2 

3 

4 

5 

crimson 

Red 

Red 

Red 

brown 

0.00 

0.34 

0.71 

0.90 

0.96 

1 

2 

3 

4 

- 

black 

black 

black 

black 

- 

0.00 

0.74 

0.79 

0.93 

- 

 

Meth 

1, 2 

3, 4 

5. 

- 

Yellow, b-green, 

d-green, golden 

Yellow. 

- 

0.53, 0.58 

0.59, 0.63 

0.64 

- 

1 

2 

3 

4 

pink 

pink 

black 

pink 

0.34 

0.51 

0.58 

0.65 

1 

2 

3 

4 

black 

black 

black 

black 

0.27 

0.54 

0.59 

0.67 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7, 8, 

9, 10 

- 

Gray, brown, 

golden, gray,  

r-orange, golden, 

gray, gray,  

yellow, r-orange. 

-  

0.60, 0.62, 

0.68, 0.72, 

0.76, 0.81, 

0.84, 0.88, 

0.98, 0.99. 

- 

1 

2 

3 

4 

5 

6 

Brown 

red 

Brown 

Brown 

White 

yellow 

0.69 

0.78 

0.82 

0.83 

0.89 

0.98 

1 

2 

3 

4 

- 

- 

black 

black 

black 

black 

- 

- 

0.70 

0.80 

0.94 

0.98 

- 

- 

 

 

 

 

AMC 

1, 2, 

3, 4, 

5, 6, 

7, 8, 

9, 10, 

11. 

- 

- 

- 

r-orange, golden, 

golden, golden,  

yellow, green,  

o-green, gray, 

yellow, l-orange, 

yellow. 

- 

- 

- 

0.00, 0.00,  

0.14, 0.18, 

0.24, 0.30, 

0.31, 0.52,  

0.62, 0.81, 

0.98.  

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Red 

Blue 

Orange 

red 

brown 

red 

red 

blue 

yellow 

0.00 

0.03 

0.15 

0.40 

0.56 

0.66 

0.90 

0.95 

0.98 

1 

2 

3 

4 

5 

- 

- 

- 

- 

black 

black 

black 

black 

black 

- 

- 

- 

- 

0.00 

0.11 

0.47 

0.82 

0.98 

- 

- 

- 

- 

L
ep

to
ly

n
g

b
ya

 s
p

. S
I-

S
M

 

 

AQ 

 

1 

2 

- 

blue 

green 

- 

0.00 

0.72 

- 

1 

2 

3 

crimson 

Red 

red 

0.00 

0.69 

0.96 

1 

2 

3 

black 

black 

black 

0.00 

0.69 

0.90 

 

 

Meth 

1, 2 

3, 4 

5, 6 

7. 

- 

- 

Yellow, golden, 

golden, b-green, 

d-green, golden, 

yellow. 

- 

- 

0.58, 0.63 

0.67, 0.72 

0.73, 0.81 

0.82. 

- 

- 

1 

2 

3 

4 

5 

- 

pink 

pink 

blue 

black 

pink 

- 

0.34 

0.55 

0.63 

0.74 

0.84 

- 

1 

2 

3 

4 

5 

6 

black 

black 

black 

black 

black 

black 

0.55 

0.61 

0.62 

0.63 

0.67 

0.76 

 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7, 8. 

- 

- 

- 

Gray, golden, 

gray, gray,  

o-green, d-green, 

yellow, r-orange. 

- 

- 

- 

0.60, 0.68, 

0.72, 0.77, 

0.81, 0.85, 

0.98, 0.99. 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

brown 

red 

brown 

brown 

white 

orange 

yellow 

0.70 

0.76 

0.86 

0.87 

0.89 

0.96 

0.98 

1 

2 

3 

4 

5 

- 

- 

black 

black 

black 

black 

black 

- 

- 

0.73 

0.78 

0.87 

0.94 

0.98 

- 

- 

 

 

 

 

 

 

AMC 

1, 2, 

3, 4, 

5, 6, 

7, 8, 

9. 

- 

- 

- 

- 

- 

- 

- 

- 

l-brown, golden, 

yellow, yellow, 

green, green,  

o-green, gray, 

yellow. 

- 

- 

- 

- 

- 

- 

- 

- 

0.00, 0.17, 

0.33, 0.37, 

0.48, 0.53, 

0.55, 0.58, 

0.98. 

- 

- 

- 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Red 

Yellow 

Orange 

Red 

Red 

Red 

Red 

Red 

Red 

Red 

Red 

White 

yellow 

0.00 

0.12 

0.15 

0.20 

0.25 

0.38 

0.46 

0.53 

0.62 

0.70 

0.84 

0.89 

0.98 

1 

2 

3 

4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.00 

0.53 

0.83 

0.96 

- 

- 

- 

- 

- 

- 

- 

- 

- 

AQ- aqueous, Meth- methanolic, Ace- acetone, AMC- acetone: (acidified)-methanol: chloroform (10:8:6). 

Band colors: d- dark, b- blue, o- olive. 
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Table 6.1 b:   Continue…….. 

 

Strains 

 Ex-

tract 

Type 

Visible Light UV 366 ηm UV  254 ηm 

Band 

No. 

Band Color Rf   

value 

Band 

No. 

Band 

Color 

Rf  

value 

Band 

No. 

Band 

Color 

Rf  

value 

P
h

o
rm

id
iu

m
 s

p
. S

I-
S

C
 

 

 

 

AQ 

1 

2 

- 

- 

- 

- 

- 

blue 

green 

- 

- 

- 

- 

- 

0.00 

0.92 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

crimson 

red 

red 

red 

white 

red 

white 

0.00 

0.24 

0.56 

0.72 

0.84 

0.90 

0.96 

1 

2 

3 

4 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

0.00 

0.11 

0.72 

0.90 

- 

- 

- 

 

Meth 

1, 2 

3, 4 

5, 6 

7, 8 

Yellow, gray, 

yellow, b-green,  

d-green, gray, 

golden, yellow. 

0.56, 0.63, 

0.68, 0.70, 

0.71, 0.84, 

0.86, 0.88. 

1 

2 

3 

4 

pink 

pink 

black 

pink 

0.34 

0.65 

0.77 

0.86 

1 

2 

3 

4 

black 

black 

black 

black 

0.59 

0.76 

0.81 

0.84 

 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7. 

- 

- 

- 

- 

Orange, yellow, 

gray, b-green,  

d-green, gray, 

orange. 

- 

- 

- 

- 

0.68, 0.69, 

0.70, 0.74, 

0.75, 0.82, 

0.99. 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

Brown 

Red 

Red 

Brown 

Brown 

White 

Red 

yellow 

0.72 

0.74 

0.79 

0.82 

0.86 

0.89 

0.90 

0.98 

1 

2 

3 

4 

5 

6 

- 

- 

black 

black 

black 

black 

black 

black 

- 

- 

0.73 

0.78 

0.84 

0.87 

0.94 

0.98 

- 

- 

 

 

 

 

 

AMC 

1, 2, 

3, 4, 

5, 6, 

7, 8,  

9. 

- 

- 

- 

- 

- 

l-brown, golden, 

yellow, green, 

green, o-green, 

gray, orange, 

yellow. 

- 

- 

- 

- 

- 

0.00, 0.25, 

0.36, 0.47, 

0.51, 0.55, 

0.58, 0.61, 

0.98. 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Orange 

Orange 

Red 

Red 

Red 

Red 

Red 

Red 

White 

yellow 

0.00 

0.19 

0.37 

0.39 

0.50 

0.60 

0.70 

0.83 

0.90 

0.98 

1 

2 

3 

4 

- 

- 

- 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

- 

- 

- 

0.00 

0.46 

0.82 

0.98 

- 

- 

- 

- 

- 

- 

N
o

st
o

c 
sp

. S
I-

S
N

 

 

AQ 

1 

- 

- 

pink 

- 

- 

0.00 

- 

- 

1 

2 

3 

yellow 

red 

red 

0.00 

0.30 

0.96 

1 

2 

3 

black 

black 

black 

0.0 

0.81 

0.93 

 

 

Meth 

1, 2  

3, 4 

5, 6 

- 

- 

Yellow, yellow,  

green, o-green, 

golden, yellow. 

- 

- 

0.70, 0.74, 

0.81, 0.84, 

0.96, 0.98. 

- 

- 

1 

2 

3 

4 

5 

pink 

pink 

black 

black 

pink 

0.60 

0.68 

0.81 

0.84 

0.93 

1 

2 

3 

- 

- 

black 

black 

black 

- 

- 

0.72 

0.79 

0.94 

- 

- 

 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7. 

- 

- 

- 

- 

Golden, gray, 

golden, b-green,  

d-green, o-green, 

r-orange. 

- 

- 

- 

- 

0.67, 0.69, 

0.73, 0.76, 

0.84, 0.99. 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

Brown 

Red 

Brown 

red 

Brown 

White 

Red 

yellow 

0.67 

0.73 

0.78 

0.84 

0.86 

0.89 

0.96 

0.98 

1 

2 

3 

4 

5 

6 

- 

- 

black 

black 

black 

black 

black 

black 

- 

- 

0.70 

0.77 

0.80 

0.87 

0.94 

0.98 

- 

- 

 

 

 

 

 

AMC 

1, 2,  

3, 4,  

5, 6,  

7, 8,  

9, 10, 

11, 12, 

13, 14. 

- 

- 

-  

Orange, brown,  

d-brown, green, 

brown, l-green, 

golden, green, 

golden, r-orange, 

gray, yellow,  

l-orange, yellow. 

- 

- 

- 

0.00, 0.00, 

0.05, 0.07, 

0.11, 0.14, 

0.21, 0.32, 

0.46, 0.49, 

0.58, 0.62 

0.81, 0.98. 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Red 

Blue 

Orange 

Red 

Red 

Brown 

Red 

Red 

White 

yellow 

0.00 

0.06 

0.13 

0.20 

0.36 

0.50 

0.61 

0.85 

0.91 

0.98 

1 

2 

3 

4 

5 

6 

- 

- 

- 

- 

black 

black 

black 

black 

black 

black 

- 

- 

- 

- 

0.00 

0.12 

0.47 

0.57 

0.82 

0.98 

- 

- 

- 

- 

AQ- aqueous, Meth- methanolic, Ace- acetone, AMC- acetone: (acidified)-methanol: chloroform (10:8:6). 

Band colors: d- dark, b- blue, o- olive, l- light. 
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Table 6.1 b:   Continue…….. 

 

Strains 

 Ex-

tract 

Type 

Visible Light UV 366 ηm UV  254 ηm 

Band 

No. 

Band Color Rf  

value 

Band 

No. 

Band 

Color 

Rf 

value 

Band 

No. 

Band 

Color 

Rf 

value 

C
a

lo
th

ri
x 

sp
. S

I-
S

V
 

 

AQ 

1 

2 

3 

- 

blue 

gray 

green 

- 

0.00 

0.58 

0.85 

- 

1 

2 

3 

- 

crimson 

red 

red 

- 

0.00 

0.69 

0.96 

- 

1 

2 

3 

4 

black 

black 

black 

black 

0.00 

0.1 

0.62 

0.95 

 

Meth 

1, 2  

3, 4  

5, 6 

- 

yellow, golden,  

b-green, d-green, 

yellow, r-orange. 

-  

0.58, 0.60, 

0.63, 0.64, 

0.70, 0.75. 

- 

1 

2 

3 

4 

pink 

blue 

black 

pink 

0.34 

0.58 

0.68 

0.74 

1 

2 

3 

4 

black 

black 

black 

black 

0.54 

0.59 

0.66 

0.76 

 

 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7, 8. 

- 

- 

- 

- 

- 

gray, golden,  

gray, r-orange,  

orange, o-green,  

r-orange, r-orange. 

- 

- 

- 

- 

- 

0.60, 0.67, 

0.68, 0.72, 

0.73, 0.81 , 

0.85, 0.99. 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

brown 

brown 

brown 

red 

red 

white 

yellow 

red 

yellow 

0.62 

0.69 

0.73 

0.78 

0.86 

0.89 

0.93 

0.96 

0.98 

1 

2 

3 

4 

5 

- 

- 

- 

- 

black 

black 

black 

black 

black 

- 

- 

- 

- 

0.70 

0.75 

0.87 

0.94 

0.98 

- 

- 

- 

- 

 

 

 

 

 

 

AMC 

1, 2, 

3, 4, 

5, 6, 

7, 8.  

- 

- 

- 

- 

- 

- 

- 

- 

l-brown, orange, 

green, green, 

orange, gray, 

orange, yellow. 

- 

- 

- 

- 

- 

- 

- 

- 

0.00, 0.17, 

0.47, 0.50, 

0.55, 0.61, 

0.67, 0.98. 

- 

- 

- 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

red 

orange 

red 

red 

red 

red 

red 

red 

red 

red 

white 

yellow 

0.00 

0.15 

0.20 

0.25 

0.36 

0.42 

0.52 

0.60 

0.71 

0.84 

0.90 

0.98 

1 

2 

3 

4 

- 

- 

- 

- 

- 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

- 

- 

- 

- 

- 

0.11 

0.48 

0.82 

0.98 

- 

- 

- 

- 

- 

- 

- 

- 

C
h

ro
o

co
cc

id
io

p
si

s 
th

er
m

a
li

s 
S

I-
S

T
 

 

 

AQ 

1 

2 

- 

- 

- 

blue 

green 

- 

- 

- 

0.00 

0.75 

- 

- 

- 

1 

2 

3 

4 

5 

crimson 

green 

red 

red 

white 

0.00 

0.10 

0.34 

0.96 

0.98 

1 

2 

3 

4 

- 

black 

black 

black 

black 

- 

0.00 

0.1 

0.7 

0.95 

- 

 

 

Meth 

1, 2, 

3, 4, 

5, 6, 

7, 8. 

- 

- 

yellow, brown, 

golden, b-green,  

d-green, yellow, 

yellow, golden. 

- 

-  

0.62, 0.67, 

0.70, 0.77, 

0.79, 0.86, 

0.94, 0.96. 

- 

- 

1 

2 

3 

4 

5 

6 

pink 

blue 

gray 

black 

pink 

gray 

0.34 

0.56 

0.65 

0.70 

0.91 

0.96 

1 

2 

3 

4 

5 

- 

black 

black 

black 

black 

black 

- 

0.59 

0.64 

0.69 

0.77 

0.94 

- 

 

 

 

Ace 

1, 2, 

3, 4, 

5, 6, 

7, 8,  

9. 

- 

- 

brown, golden, 

gray, r-orange,  

b-green, d-green, 

o-green, orange,  

r-orange. 

- 

-  

0.67, 0.68, 

0.69, 0.72, 

0.76, 0.77, 

0.80, 

0.85, 0.99. 

- 

- 

1 

2 

3 

4 

5 

6 

7 

brown 

red 

brown 

brown 

yellow 

white 

yellow 

0.69 

0.76 

0.82 

0.84 

0.86 

0.89 

0.98 

1 

2 

3 

4 

5 

6 

- 

black 

black 

black 

black 

black 

black 

- 

0.71 

0.78 

0.80 

0.89 

0.94 

0.98 

- 

 

 

 

 

 

AMC 

1, 2, 

3, 4, 

5, 6, 

7, 8, 

9. 

- 

- 

- 

- 

- 

golden, golden, 

golden, green, 

green, orange, 

gray, orange, 

yellow. 

- 

- 

- 

- 

- 

0.00, 0.17, 

0.19, 0.48, 

0.53, 0.55, 

0.58, 0.67, 

0.98. 

- 

- 

- 

- 

- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

red 

orange 

red 

red 

red 

red 

red 

red 

white 

yellow 

0.00 

0.15 

0.20 

0.34 

0.52 

0.58 

0.69 

0.82 

0.90 

0.98 

1 

2 

3 

4 

- 

- 

- 

- 

- 

- 

black 

black 

black 

black 

- 

- 

- 

- 

- 

- 

0.10 

0.46 

0.81 

0.98 

- 

- 

- 

- 

- 

- 

AQ- aqueous, Meth- methanolic, Ace- acetone, AMC- acetone: (acidified)-methanol: chloroform (10:8:6). 

Band colors: d- dark, b- blue, l- light. 
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(A)     1.    2.    3.   4.   

                     Strains    T   A   F  M  V  C   K    N            T   A   F   M   V  C   K    N         T   A  F   M  V  C  K     N          A    V  C   T  M    K    N     F         

(B).    1.   2.   3.   4.   

                    Strains     N    T    M  V    F   A   K  C       N    T    M   V   F    A   K  C        N   T    M   V   F   A   K  C        N    T     M   V   F    A   K  C          

                    (C).    1.  2.   3.  4.  

                   Strains    A   V   N   K    T  M   C   F        A   V   N   K    T   M   C   F         A   V    N   K   T   M   C   F       A   V   N    K   T   M   C   F  

                    (D).    1.  2.    3.   4.   

                   Strains     A     F   M   V  T   C  N   K        A   T   C   V   M     K  N  F          A    F    M  V   T  C   N  K         A     F    M  V  T   C   N   K          

Figure 6.2:   Chemical screening and bioautographic antioxidant assay of aqueous, methanolic, acetone and AMC extracts of cyanobacterial isolates using TLC. 

(A). Aqueous extracts (B). Methanolic extracts (C). Acetone extracts (D). AMC extracts. (1). Yellow spots on the plates showing antioxidant compounds after 

spraying with 0.2% DPPH solution. (2). Extracts under visible light (3). Extracts under near UV light 366 ηm (4). Extracts under far UV light 254 ηm. 
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Antimicrobial Activity 

The screening of antimicrobial activities of aqueous, methanolic, acetone and AMC 

extracts of 8 cyanobacterial isolates were evaluated with well diffusion method by 

measuring their zone of inhibition (mm) against 9 ATCC type strain and clinically 

isolated pathogens of bacterial and 2 fungal origin and were compared with activity of 

the standard antibacterial and antifungal impregnated discs. The test inoculum of 0.5 

McFarland’s turbidity standard was aseptically spread onto Muller-Hinton and potato 

dextrose agar media for bacteria and fungi respectively with a sterile cotton swab after 

which the wells were made with a sterile glass tube. A 100 µl of crude extracts were then 

poured in the wells and incubated for 2 hours at 4°C for complete diffusion of the 

extracts and then incubated for 24 hours for bacterial pathogens and 48 hours for fungal 

pathogens.  

The results revealed that AMC extracts were active against all the pathogenic bacterial 

and fungal microorganisms with varying degree followed by acetone, methanol and 

aqueous extracts. In case of AMC extracts the highest inhibition zone (IZ) against 

MRSA was recorded in by the extract of Oscillatoria sp. SI-SK with 16 mm of IZ 

followed by Leptolyngbya sp. SI-SM, Oscillatoria sp. SI-SA and Calothrix sp. SI-SV 

with IZ of 12, 10 and 10 mm respectively. The minimum activity was shown by 

Chroococcidiopsis thermalis SI-ST with IZ of 6 mm (Table 6.2). When compared with 

standard drugs, MRSA showed sensitivity only towards oxy-tetracycline with IZ of 32 

mm whereas it showed resistance to cefixime (CFM), ceftazidime (CEF) 

(cephalosporin), novobiocin (NV) (aminocoumarin), ampicillin (AMP) (penicillin), 

erythromycin (ERY) (macrolide) and chloramphenicol (CAM) (Table 6.2). The highest 

IZ of 12 mm was recorded against E.coli (ESBL) by the extract of strain SI-ST closely 

followed by strains SI-SA and SI-SV with IZ of 11 and 10 mm respectively whereas the 

minimum IZ of 5 mm each was shown by the extracts of Phormidium sp. SI-SC and 

Nostoc sp. SI-SN. E.coli (ESBL) showed sensitivity when AMC (Co-amoxicillin + 

clavulanic acid) disc in combination with CFM and CEF was applied with IZ of 32 and 

26 mm towards AMC disc respectively showed positive ESBL potential of the strain 

whereas it showed resistance towards NV, ERY and CAM (Table 6.2). The AMC 

extracts of all the strains showed high activity against E.coli ATCC 25922 with 

maximum IZ of 17 mm shown by extract of strain SI-ST followed by strains SI-SV, SI-

SN and SI-SM with IZ of 15, 15 and 14 mm respectively whereas the lowest IZ of 10 
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mm was shown by strain SI-SC. E.coli ATCC 25922 showed sensitivity towards all the 

standard antibacterial drugs except AMP whereas it showed intermediate response 

towards ERY (Table 6.2). The highest antimicrobial activity towards Pseudomonas 

aeruginosa was shown by the extract of strain SI-ST with IZ of 11 mm followed by 

strains SI-SK, SI-SA and SI-SM with IZ of 9, 8 and 7 mm respectively whereas the 

lowest activity was shown by strain SI-SF with IZ of 3 mm (Table 6.2). P. aeruginosa 

showed sensitivity only towards OT and CAM with a IZ of 23 and 24 mm respectively. 

The AMC extracts of all the cyanobacterial strains showed potent activities towards 

Klebsiella pneumonae ATCC 700603, an ESBL producer strain, with highest activity 

shown by strains SI-ST and SI-SC giving IZ of 20 and 18 mm respectively followed by 

strains SI-SF, SI-SV and SI-SA with IZ of 12, 11 and 10 mm respectively whereas the 

lowest activity was shown by Nostoc sp. SI-SN with IZ of 8 mm. K. pneumonae also 

showed sensitivity when AMC disc in combination with CFM and CEF was applied with 

IZ of 30 and 24 mm towards AMC disc respectively whereas it showed resistance 

towards NV, ERY and CAM. The highest activity towards Enterobacter sp. was shown 

by extract of the strain SI-SM with an IZ of 14 mm followed by the extracts of strains SI-

SN and SI-SV with IZ of 11 mm in each case whereas the minimum activity was shown 

by strain SI-SF with IZ of 4 mm. Enterobacter sp. showed sensitivity only towards OT 

and CAM whereas it was resistant to all other antibiotics. Among all the pathogenic 

strains the AMC extracts of Nostoc sp. SI-SN and Leptolyngbya sp. SI-SM showed the 

highest antimicrobial activity towards Bacillus sp. with potent IZ of 24 and 23 mm 

respectively whereas the lowest activity was shown by strain SI-ST with IZ of 2 mm. 

Bacillus sp. showed sensitivity towards OT and CFM whereas it was resistant to all other 

standard antimicrobial drugs. Furthermore, like Bacillus sp., the highest activity towards 

Citrobacter sp. was also shown only by the extracts of Leptolyngbya sp. SI-SM and 

Nostoc sp. SI-SN with IZ of 17 and 16 mm respectively whereas all other strains showed 

low activities with IZ at and below 5 mm with lowest IZ of 1 mm shown by Oscillatoria 

sp. Table 6.2). SI-SA. Citrobacter sp. showed sensitivity only towards OT and CAM. 

The AMC extracts of all the strains showed high antimicrobial activities towards 

Staphylococcus aureus ATCC 25923 with highest IZ of 19 mm shown by Leptolyngbya 

sp. SI-SM closely followed by extracts of strains SI-ST, SI-SN and SI-SV with IZ of 18, 

17 and 16 mm respectively whereas the lowest activity was shown by the extracts of 

strains SI-SC with IZ of 11 mm (Table 6.2). Staphylococcus aureus ATCC 25923 also 

showed sensitivity towards all the standard antibiotics. In case of fungal pathogens the 



Bioactivity and Toxicity Screening Chapter 06 
 

201 
 

highest antifungal activity towards Candida albicans was shown by the extracts of 

Nostoc sp. SI-SN with an IZ of 14 mm closely followed by strains SI-SM, SI-SA and SI-

SV with IZ of 13, 12 and 11 mm respectively whereas the minimum activity was shown 

by Oscillatoria sp. SI-SK with an IZ of 4 mm. Conversely, the highest activity towards 

Candida tropicalis ATCC 13803 was shown by extracts of Leptolyngbya sp. SI-SM and 

Nostoc sp. SI-SN with IZ of 18 and 15 mm respectively followed by the extract of strains 

SI-SK and SI-SV with IZ of 12 and 11 mm respectively. The lowest activity was shown 

by the extract of strains SI-SF and SI-ST with IZ of 3 mm in each case (Table 6.2). Both 

fungal pathogens showed high sensitivity towards standard antifungal drugs; 

cycloheximide (CYH) and nystatin (NYS). Antimicrobial activity of AMC extracts is 

giving in Figure 6.3 a). 

Acetone extracts were observed to be only active against MRSA, Pseudomonas 

aeruginosa, Bacillus sp., Candida albicans and Candida tropicalis. The highest activity 

towards MRSA was shown by strain SI-SN with IZ of 3 mm whereas strains SI-SA, SI-

SC and SI-ST were not active. Against Pseudomonas aeruginosa, the highest activity 

was shown by the extracts of strains SI-SV, SI-SN and SI-SA with IZ of 8, 7 and 6 mm 

respectively whereas the lowest activity was shown by strain SI-SC with IZ of 2 mm. In 

case of Bacillus sp. the highest activity was shown by strains SI-SV and SI-ST with IZ of 

4 mm each whereas the lowest activity was shown by strain SI-SA with IZ of 1 mm. In 

case of Candida albicans, the highest activity was shown by strains SI-SA and SI-SC 

with IZ of 11 and 10 mm respectively whereas strain SI-SF was inactive. Conversely, the 

acetone extracts of all the strains were inactive against Candida tropicalis except strains 

SI-SV and SI-SC with IZ of 7 and 6 mm respectively. The methanolic extracts were 

observed to be slightly active against E.coli ESBL, Pseudomonas aeruginosa and 

Candida albicans. The highest activity towards E.coli ESBL was shown by strain SI-SA 

and SI-SC with IZ of 3 mm whereas strains SI-SF, SI-SV and SI-ST were not active. 

Against Pseudomonas aeruginosa, the highest activity was shown by the extracts of 

strains SI-SA, SI-SK, SI-SM, SI-SN and SI-SV with IZ of 2 mm in each case whereas 

the lowest activity was shown by strain SI-SF, SI-SC and SI-ST with IZ of 1 mm each. 

In case of Candida albicans, the highest activity was shown by strains SI-SN and SI-SV 

with IZ of 7 and 6 mm respectively whereas strain SI-ST showed the lowest activity with 

IZ of 1 mm (Table 6.2). The aqueous extracts were only slightly active against only 

Bacillus sp. with highest activity shown by strain SI-SC with IZ of 2 mm whereas strain 

SI-ST showed no activity (Table 6.2) (Figure 6.3 b).  Since acetone, methanolic and 
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Table 6.2:   Screening of antibacterial and antifungal activities of 8 isolated cyanobacterial strains by applying well-diffusion method against 

ATCC type strains and pathogens obtained from diagnostic laboratory. The inhibition zones (IZ) were measured in mm. 

Bacterial 

Strains 

Extract 

Type 

SI-SA 

IZ mm 

SI-SF 

IZ mm 

SI-SK 

IZ mm 

SI-SM 

IZ mm 

SI-SC 

IZ mm 

SI-SN 

IZ mm 

SI-SV 

IZ mm 

SI-ST 

IZ mm 

Standards 

µg/disc, (IZ) mm 

MRSA 

(Gram + ) 

Aqueous 

Methanolic 

Acetone 

AMC 

― 

NA 

NA 

10 ± 0.45 

― 

NA 

2 ± 0.11 

9 ± 0.56 

― 

NA 

1 ± 0.03 

16 ± 0.38 

― 

NA 

1 ± 0.03 

12 ± 0.52 

― 

NA 

NA 

9 ± 0.28 

― 

NA 

3 ± 0.06 

7 ± 0.66 

― 

NA 

1 ± 0.04 

10 ± 0.04 

― 

NA 

NA 

6 ± 0.08 

CFM-5, 10, R 

OT-10, 9, R 

NV-5, 4, R 

ERY-15, 8, R 

AMP-25, 0, R 

CEF-5, 3, R  

CAM-30, 4, R 

E.coli ESBL 

(Gram ‒ )  

Aqueous 

Methanolic 

Acetone 

AMC 

― 

3 ± 0.03 

NA 

11 ± 0.33 

― 

NA 

NA 

6 ± 0.22 

― 

2 ± 0.02 

NA 

8 ± 0.25 

― 

2 ± 0.03 

NA 

7 ± 0.34 

― 

3 ± 0.02 

NA 

5 ± 0.12 

― 

2 ± 0.03 

NA 

5 ± 0.06 

― 

NA 

NA 

10 ± 0.09 

― 

NA 

NA 

12 ± 0.16 

[AMC-60; CFM-

5; CEF-5, 32 and 

26, S]* 

NV-5, 13, R 

ERY-15, 10, R 

CAM-30, 9, R   

E.coli ATCC 

25922 

(Gram ‒ ) 

Aqueous 

Methanolic 

Acetone 

AMC 

NA 

NA 

NA 

13 ± 0.12 

NA 

NA 

NA 

11 ± 0.22 

NA 

NA 

NA 

12 ± 0.08 

NA 

NA 

NA 

14 ± 0.34 

NA 

NA 

NA 

10 ± 0.03 

NA 

NA 

NA 

15 ± 0.45 

NA 

NA 

NA 

15 ± 0.26 

NA 

NA 

NA 

17 ± 0.57 

CFM-5, 24, S 

CAR-100, 23, S 

OT-30, 25, S 

CAM-30, 24, S 

ERY-15, 19, I 

AMP-25, 14, R 

Pseudomonas 

aeruginosa 

(Gram ‒ ) 

Aqueous 

Methanolic 

Acetone 

AMC 

NA 

2 ± 0.04 

6 ± 0.09 

8 ± 0.12 

NA 

1 ± 0.03 

5 ± 0.08 

3 ± 0.31 

NA 

2 ± 0.02 

3 ± 0.03 

9 ± 0.11 

NA 

2 ± 0.02 

3 ± 0.04 

7 ± 0.09 

NA 

1 ± 0.01 

2 ± 0.03 

5 ± 0.22 

NA 

2 ± 0.03 

7 ± 0.08 

4 ± 0.25 

NA 

2 ± 0.01 

8 ± 0.09 

6 ± 0.32 

NA 

1 ± 0.02 

4 ± 0.08 

11 ± 0.37 

CFM-5, 9, R 

CAR-100, 13, R 

OT-30, 23, S 

CAM-30, 24, S 

ERY-15, 8, R 

AMP-25, 6, R 

NA; no activity, (―); Not checked. CFM-Cefixime, CEF- Ceftazidime, OT- OxyTetracyclin, NV- Novobiocin, ERY- Erythromycin, AMP- Ampicillin, CAM- 

Chloramphenicol, AMC- Co-amoxicillin + clavulanic acid, CAR- Carbencillin. * Detection of ESBL production using the double disc method. S- sensitive, R- 

resistant, I- intermediate. Data is represented as mean ± SEM of three technical replicates.    
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Table 6.2:   Continue………. 
 

Bacterial 

Strains 

 

Extract 

Type 

 

SI-SA 

IZ mm 

 

SI-SF 

IZ mm 

 

SI-SK 

IZ mm 

 

SI-SM 

IZ mm 

 

SI-SC 

IZ mm 

 

SI-SN 

IZ mm 

 

SI-SV 

IZ mm 

 

SI-ST 

IZ mm 

 

Standards 

µg/disc, (IZ) mm 

 

Klebsiella 

pneumonae 

ATCC 700603 

(Gram ‒ )  

 

Aqueous 

Methanolic 

Acetone 

AMC 

 

NA 

NA 

NA 

10 ± 0.23 

 

NA 

NA 

NA 

12 ± 0.17 

 

NA 

NA 

NA 

10 ± 0.31 

 

NA 

NA 

NA 

13 ± 0.32 

 

NA 

NA 

NA 

18 ± 0.52 

 

NA 

NA 

NA 

8 ±  0.47 

 

NA 

NA 

NA 

11 ± 0.76 

 

NA 

NA 

NA 

20 ± 0.34 

 

[AMC-60; CFM-

5; CEF-5, 30 and 

24, S]* 

NV-5, 12, R 

ERY-15, 0, R 

CAM-30, 0, R   

 

Enterobacter 

sp. 

(Gram ‒ ) 

Aqueous 

Methanolic 

Acetone 

AMC 

― 

NA 

NA 

5 ± 0.12 

― 

NA 

NA 

4 ± 0.31 

― 

NA 

NA 

8 ± 0.14 

― 

NA 

NA 

14 ± 0.43 

― 

NA 

NA 

11 ± 0.33 

― 

NA 

NA 

11 ± 0.23 

― 

NA 

NA 

11 ± 0.12 

― 

NA 

NA 

9 ± 0.24 

CFM-5, 8, R 

CAR-100, 11, R 

OT-30, 24, S 

CAM-30, 24, S 

ERY-15, 0, R 

AMP-25, 0, R 

 

Bacillus sp. 

(Gram + ) 

Aqueous 

Methanolic 

Acetone 

AMC 

1 ± 0.02 

NA 

1 ± 0.02 

13 ± 0.32 

1 ± 0.02 

NA 

2  ± 0.03 

4 ± 0.28 

1 ± 0.02 

NA 

2 ± 0.04 

5 ± 0.18 

1 ± 0.01 

NA 

3 ± 0.07 

23 ± 0.19 

2 ± 0.03 

NA 

2 ± 0.05 

3 ± 0.07 

1 ± 0.02 

NA 

2 ± 0.04 

24 ± 0.09 

1 ± 0.02 

NA 

4 ± 0.06 

5 ± 0.06 

NA 

NA 

4 ± 0.05 

2 ± 0.05 

CFM-5, 24, S 

CAR-100, 13, R 

OT-30, 30, S 

CAM-30, 18, I 

ERY-15, 25, R 

AMP-25, 0, R 

 

Citrobacter sp. 

(Gram ‒ ) 

Aqueous 

Methanolic 

Acetone 

AMC 

― 

NA 

NA 

1 ± 0.03 

― 

NA 

NA 

2 ± 0.06 

― 

NA 

NA 

2 ± 0.04 

― 

NA 

NA 

17 ± 0.19 

― 

NA 

NA 

3 ± 0.02 

― 

NA 

NA 

16 ± 0.22 

― 

NA 

NA 

4 ± 0.04 

― 

NA 

NA 

5 ± 0.06 

CFM-5, 11, R 

CAR-100, 10, R 

OT-30, 23, S 

CAM-30, 24, S 

ERY-15, 8, R 

AMP-25, 6, R 

NA; no activity, (―); Not checked. CFM-Cefixime, CEF- Ceftazidime, OT- OxyTetracyclin, NV- Novobiocin, ERY- Erythromycin, AMP- Ampicillin, CAM- 

Chloramphenicol, AMC- Co-amoxicillin + clavulanic acid, CAR- Carbencillin. * Detection of ESBL production using the double disc method. S- sensitive, R- 

resistant, I- intermediate. Data is represented as mean ± SEM of three technical replicates.  
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 Table 6.2:   Continue……… 

Bacterial 

Strains 

Extract 

Type 

SI-SA 

(IZ) mm 

SI-SF 

 (IZ) mm 

SI-SK 

(IZ) mm 

SI-SM 

(IZ) mm 

SI-SC 

(IZ) mm 

SI-SN 

(IZ) mm 

SI-SV 

(IZ) mm 

SI-ST 

(IZ) mm 

Standards 
µg/disc, (IZ) mm 

 

Staphylococcus 

aureus ATCC 

25923 

Aqueous 

Methanolic 

Acetone 

AMC 

NA 

NA 

NA 

13 ± 0.08 

NA 

NA 

NA 

12 ± 0.09 

NA 

NA 

NA 

14 ± 0.17 

NA 

NA 

NA 

19 ± 0.21 

NA 

NA 

NA 

11 ± 0.09 

NA 

NA 

NA 

17 ± 0.21 

NA 

NA 

NA 

16 ±  0.07 

NA 

NA 

NA 

18 ± 0.05 

CFM-5, 21, S 

CAR-100, 38, S 

OT-30, 28, S 

CAM-30, 30, S 

ERY-15, 24, S 

NV-5, 26, S 

 

Candida 

albicans 

Aqueous 

Methanolic 

Acetone 

AMC 

NA 

3 ± 0.02 

11 ± 0.11 

12 ± 0.14 

NA 

5 ± 0.04 

NA 

7 ± 0.08 

NA 

2 ± 0.02 

2 ± 0.05 

4 ± 0.04 

NA 

4 ± 0.02 

9 ± 0.16 

13 ± 0.22 

NA 

5 ± 0.02 

10 ± 0.12 

8 ± 0.09 

NA 

7 ± 0.03 

4 ± 0.07 

14 ± 0.16 

NA 

6 ± 0.03 

5 ± 0.12 

11 ± 0.05 

NA 

1 ± 0.02 

2 ± 0.09 

10 ± 0.21 

CYH-30, 30, S 

NYS-100 (IU), 

23, S 

Candida 

tropicalis 

ATCC 

13803 

Aqueous 

Methanolic 

Acetone 

AMC 

― 

― 

NA 

4 ± 0.09 

― 

― 

NA 

3 ± 0.06 

― 

― 

6 ± 0.12 

12 ± 0.26 

― 

― 

NA 

18 ± 0.23 

― 

― 

NA 

8 ± 0.21 

― 

― 

NA 

15 ± 0.33 

― 

― 

7 ± 0.08 

11 ± 33 

― 

― 

NA 

3 ± 0.07 

CYH-30, 21, S 

NYS-100 (IU), 

20, S 

NA; no activity, (―); Not checked. CFM-cefixime, CEF- ceftazidime, OT- oxy-tetracyclin, NV- novobiocin, ERY- erythromycin, AMP- ampicillin, CAM- 

chloramphenicol, AMC- co-amoxicillin + clavulanic acid, CAR- carbencillin, CYH-cycloheximide, NYS- nystatin. * Detection of ESBL production using the 

double disc method. S- sensitive, R- resistant, I- intermediate. Data is represented as mean ± SEM of three technical replicates.  
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Figure 6.3 a:    Antimicrobial activity of cyanobacterial strains screened with well diffusion method against pathogenic ATCC strains and clinical 

isolates. (A). MRSA (B). E.coli ESBL (C). E.coli ATCC 25922 (D). Pseudomonas aeruginosa (E). Klebsiella pneumonae ATCC 700603 (F). Enterobacter 

sp. (G). Bacillus sp. (H). Citrobacter sp. (I). Staphylococcus aureus ATCC 25923 (J). Candida albicans (K). Candida tropicalis. (1). Oscillatoria sp. SI-SA  

(2). Oscillatoria sp. SI-SF (3). Oscillatoria sp. SI-SK (4). Leptolyngbya sp. SI-SM (5). Phormidium sp. SI-SC (6). Nostoc sp. SI-SN (7). Calothrix sp. SI-SV  

(8). Chroococcidiopsis thermalis sp. SI-ST. 
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Figure 6.3 b: Antimicrobial activity of Acetone, Methanol and Aqueous extracts of cyanobacterial strains screened with well diffusion method against 

pathogenic ATCC strains and clinical isolates. (A-K). Acetone extracts (A) MRSA (B). E.coli ESBL (C). E.coli ATCC 25922 (D). Pseudomonas aeruginosa (E). 

Klebsiella pneumonae ATCC 700603 (F). Enterobacter sp. (G). Bacillus sp. (H). Citrobacter sp. (I). Staphylococcus aureus ATCC 25923 (J). Candida albicans (K). 

Candida tropicalis. (L-V) Methanolic extracts (L) MRSA (M). E.coli ESBL (N). E.coli (O). Pseudomonas (P). Klebsiella (Q). Enterobacter (R). Bacillus (S). 

Citrobacter (T). Staph (U). C. albicans. (V). C. tropicalis (W-β) Aqueous extracts (W) E.coli (X) Klebsiella (Y) Staph (Z) Bacillus (α) C. albicans. (β) Pseudomonas 

(1) SI-SA (2) SI-SF (3) SI-SK (4) SI-SM (5) SI-SC (6) SI-SN (7) SI-SV (8) SI-ST.  
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aqueous extracts were no very active, so for toxicity screening, only AMC extracts were 

selected for further study. 

Antimicrobial MIC and IC50 of the AMC Extracts 

The AMC extracts were further investigated to obtain their MIC value, a minimum 

concentration of the extract at which bacteria or fungal growth was inhibited as well as 

their IC50 values, a concentration of the extract at which half of bacteria or fungal growth 

was inhibited. The lower the MIC and IC50 values the higher the antimicrobial potential 

of the extract. The MIC analysis was performed in sterile 96-well microtiter plates. The 

method was performed according to CLSI standards. A 100 µl of test inoculum of 0.5 

McFarland’s turbidity standard in fresh Luria-Bertani (LB) broth for bacteria and YPD 

broth for fungal pathogens were aseptically added in the wells. A 100 µl of extracts 

dissolved in 0.2% DMSO in LB-broth were then added in the broth from which 2.5 fold 

serial dilution was performed to obtain various concentrations of the extracts. The 

negative control received no treatments, vehicle control received 0.2% DMSO and 

positive control wells received oxy-tetracycline at a concentration of 30 µg ml-1. 

Bacterial and yeast viability was determined with filter sterile 2.5 mg ml-1 TTC solution 

for 3 to 4 hour. The appearance of red color indicated viable cells whereas yellow to 

colorless appearance indicated no viability and the absorbance was taken at 430 nm for 

the calculation of percentage viability from which MIC and IC50 values were derived.  

After calculating the MIC and IC50 of AMC extracts of cyanobacterial isolates, it was 

observed that the lowest MIC of 4.32 µg ml-1 against MRSA was shown by 

Leptolyngbya sp. SI-SM closely followed by Calothrix sp. SI-SV with MIC of 4.38 µg 

ml-1 however in case of IC50 values the lowest concentration of 10.32 µg ml-1 was shown 

by Calothrix sp. SI-SV very closely followed by Leptolyngbya sp. SI-SM which showed 

IC50 value of 11.0 µg ml-1. Conversely, the highest MIC and IC50 values were shown by 

Oscillatoria sp. SI-SA with MIC of 20.04 and IC50 value of 27.80 (Figure 6.4 A´). In 

case of E.coli ESBL strain the lowest MIC values of 6.34 µg ml-1 was shown by 

Chroococcidiopsis thermalis SI-ST very closely followed by Leptolyngbya sp. SI-SM 

and Nostoc sp. SI-SN with MICs of 6.78 and 6.96 µg ml-1 respectively however, in case 

of IC50 values the lowest concentration of 11.77 µg ml-1 was shown by Oscillatoria sp. 

SI-SK closely followed by strains SI-SM and SI-SN with IC50 values of 12.14 and 12.36 

µg ml-1 whereas strain SI-SF showed comparatively higher IC50 value of 27.87 µg ml-1. 
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(Figure 6.4 B). The lowest MIC value of 10.19 µg ml-1 against E.coli ATCC 25922 

strains was shown by Oscillatoria sp. SI-SA closely followed by Leptolyngbya sp. SI-

SM with MIC of 10.41 µg ml-1 however, in case of IC50 values the lowest concentration 

of 14.92 µg ml-1 was shown by Leptolyngbya sp. SI-SM closely followed by Oscillatoria 

sp. SI-SA with IC50 value of 15.11 µg ml-1. Conversely, the highest MIC and IC50 values 

of 18.85 and 20.87 µg ml-1 respectively were shown by Chroococcidiopsis thermalis SI-

ST (Figure 6.4 C). The lowest MIC value of 0.59 µg ml-1 against Pseudomonas 

aeruginosa was shown by Chroococcidiopsis thermalis SI-ST closely followed by 

Leptolyngbya sp. SI-SM with MIC of 0.73 µg ml-1 however, in case of IC50 values the 

lowest concentration of 8.27 µg ml-1 was shown by Leptolyngbya sp. SI-SM closely 

followed by Oscillatoria sp. SI-SF with IC50 value of 9.21 µg ml-1. Conversely, the 

highest MIC and IC50 values of 6.67 and 13.56 µg ml-1 respectively were shown by 

Nostoc sp. SI-SN (Figure 6.4 D). The lowest MIC and IC50 values of 0.87 and 11.5 µg 

ml-1 respectively, against Klebsiella pneumonae ATCC 700603, was shown by 

Leptolyngbya sp. SI-SM followed Chroococcidiopsis thermalis SI-ST with MIC and IC50 

values of 2.39 and 14.67 µg ml-1 respectively. Conversely, the highest MIC and IC50 

values of 16.78 and 20.50 µg ml-1 respectively were shown by Nostoc sp. SI-SN (Figure 

6.4 E). Similarly, in case of Enterobacter sp. the lowest MIC and IC50 values of 2.75 and 

15.66 µg ml-1 respectively were shown by Leptolyngbya sp. SI-SM however, the highest 

MIC and IC50 values of 23.95 and 66.5 µg ml-1 respectively were shown by Oscillatoria 

sp. SI-SF (Figure 6.4 F). The lowest MIC and IC50 values of 0.85 and 8.14 µg ml-1 

respectively, against Bacillus sp. were shown by Leptolyngbya sp. SI-SM closely 

followed by MIC value of 0.87 µg ml-1 and IC50 value of 8.11 µg ml-1. Conversely, the 

highest MIC and IC50 values of 21.96 and 65.6 µg ml-1 respectively were shown by 

Chroococcidiopsis thermalis SI-ST followed by Phormidium sp. SI-SC with MIC value 

of 13.19 µg ml-1 and IC50 value of 34.27 µg ml-1 (Figure 6.4 G). The lowest MIC and 

IC50 values of 1.16 and 8.35 µg ml-1 respectively, against Citrobacter sp. were shown by 

Nostoc sp. SI-SN closely followed by Leptolyngbya sp. SI-SM with MIC and IC50 values 

of 1.62 and 9.08 µg ml-1 respectively. Conversely, the highest MIC value of 16.24 was 

shown by Oscillatoria sp. SI-SF whereas the highest IC50 value of 25.65 µg ml-1 was 

shown by Oscillatoria sp. SI-SA (Figure 6.4 H). Staphylococcus aureus ATCC 25923 

showed the highest susceptibility towards the cyanobacterial AMC extracts with the 
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lowest MIC and IC50 values of 0.073 and 7.69 µg ml-1 respectively, were shown by 

Nostoc sp. SI-SN closely followed by Leptolyngbya sp. SI-SM with MIC and IC50 values 

of 0.086 and 8.02 µg ml-1 respectively. Conversely, the highest MIC and IC50 values of 

9.76 and 28.85 µg ml-1 respectively were shown by Oscillatoria sp. SI-SF (Figure 6.4 I). 

In case of pathogenic yeast Candida albicans the lowest MIC and IC50 values of 0.77 

and 13.14 µg ml-1 respectively, were shown by Nostoc sp. SI-SN closely followed by 

Leptolyngbya sp. SI-SM with MIC and IC50 values of 0.95 and 13.2 µg ml-1 respectively. 

Conversely, the highest MIC and IC50 values of 9.11 and 38.1 µg ml-1 respectively were 

shown by Oscillatoria sp. SI-SK (Figure 6.4 J). The lowest MIC and IC50 values of 0.16 

and 9.1 µg ml-1 respectively were shown by Leptolyngbya sp. SI-SM closely followed by 

Nostoc sp. SI-SN with MIC and IC50 values of 0.5 and 10.4 µg ml-1 respectively. 

Conversely, the highest MIC and IC50 values of 23.43 and 66.58 µg ml-1 respectively 

were shown by Oscillatoria sp. SI-SA (Figure 6.4 K). 

TLC Bioautographic Antibacterial Assay 

To screen the antibacterial compounds in AMC extracts of cyanobacterial isolates, TLC 

bioautographic agar overlay method was applied. For this purpose Staphylococcus 

aureus ATCC 25923 was used as it showed the highest susceptibility towards 

cyanobacterial extracts. The developed TLC chromatograms of cyanobacterial AMC 

extracts were covered with molten seeded agar and were incubated at 4°C for 2 hours for 

complete diffusion after which they were incubated for 24 hours at 37°C. The non-viable 

cells were then detected by developing the plates with filter sterile 2.5 mg ml-1 TTC 

solution for 3 to 4 hours. The appearance of yellow or colorless spots indicated presence 

of antimicrobial compounds. The results showed that the AMC extracts of all the 8 

cyanobacterial strains contained antimicrobial compounds with high activity (Figure 

6.5). The highest numbers of antibacterial compounds were produced by Leptolyngbya 

sp. SI-SM and Chroococcidiopsis thermalis SI-ST with 7 bands of antimicrobial activity 

giving Rf values in the range of 0.00 to 0.98 in each case. Oscillatoria sp. SI-SA showed 

3 bands in the range of 0.00 to 0.73, Calothrix sp. SI-SV and Nostoc sp. SI-SN showed 3 

bands in the range of 0.00 to 0.62 in each case, Oscillatoria sp. SI-SK and Phormidium 

sp. SI-SC also showed 3 bands in the range of 0.00 to 0.46 and 0.44 respectively. 

Conversely, Oscillatoria sp. SI-SF only showed 1 band with antibacterial activity with 

an Rf value of 0.00. When the chromatograms were overall investigated it was revealed 
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    (A).           

    (B).           

     (C).        

      (D).           

 

Figure 6.4:   Antimicrobial activity of AMC extracts of cyanobacterial isolates in terms of MIC and 

IC50 values. The doses are presented as log transformed concentrations ranging from 0- 400 µg ml-1. 

The IC50 values were derived from the data by applying non-linear regression curve-fit with 95% 

confidence interval. The MIC values were further calculated by applying Gompertz equation for 

MIC determination using GraphPadTM Prism 5.0.    
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      (E).           

      (F).             

      (G).         

      (H).          

Figure 6.4: Antimicrobial activity of AMC extracts of cyanobacterial isolates in terms of MIC and 

IC50 values. The doses are presented as log transformed concentrations ranging from 0-400 µg ml-1. 

The IC50 values were derived from the data by applying non-linear regression curve-fit with 95% 

confidence interval. The MIC values were further calculated by applying Gompertz equation for 

MIC determination using GraphPadTM Prism 5.0.   
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(I).           

(J).            

(K).        

 

Figure 6.4: Antimicrobial and antifungal activity of AMC extracts of cyanobacterial isolates in 

terms of MIC and IC50 values. The doses are presented as log transformed concentrations ranging 

from 0- 400 µg ml-1. The IC50 values were derived from the data by applying non-linear regression 

curve-fit with 95% confidence interval. The MIC values were further calculated by applying 

Gompertz equation for MIC determination using GraphPadTM Prism 5.0.   
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that most pronounced antibacterial effects were shown by polar compounds followed by  

mid-polar compounds in all the 8 strains whereas highly non-polar compounds showed 

antibacterial activity only in the extracts of strains SI-SA, SI-ST and SI-SM (Figure 6.5).      

Biotoxic and Cytotoxic Activities 

The biotoxic and cytotoxic activities of AMC extracts of cyanobacterial isolated strains 

were investigated in crustacean and mammalian systems respectively. For biotoxic 

effects Artemia salina model was selected whereas for cytotoxic effects isolated human 

lymphocytes were used.   

Biotoxicity against Artemia salina 

To investigate biotoxicity of 8 isolated cyanobacterial AMC extracts 30 freshly hatched 

Artemia salina nauplii were seeded in a 96-well microtiter plate. Different concentrations 

of cyanobacterial AMC extracts, dissolved in 0.2% aqueous DMSO, were then added in 

the wells. Negative control received no treatment; vehicle control received only 0.2% 

aqueous DMSO and positive control received 1 µg ml-1 actinomycin-D. The treatment 

was given for 24 hours after which percentage mortality of the nauplii were calculated 

from which LC50 values were derived which is a concentration at which half of the 

nauplii were dead. The lower the LC50 value the higher the cytotoxic potential. 

Percentage mortality equal or greater than 60% was deemed lethal effect. The results 

(Figure 6.5) revealed that the AMC extracts of all the strains showed biotoxic effects of 

varying degree however lethal effect was only shown by strains SI-SM, SI-ST and SI-SK 

at minimum concentration of 100 µg ml-1 whereas strain SI-SN showed lethal effect at a 

minimum concentration of 250 µg ml-1. Positive control; actinomycin-D showed 100% 

mortality (lethal effect) at a concentration of 1 µg ml-1, negative control and vehicle 

control showed only 1 and 5% mortality after 24 hours treatment (Figure 6.5). When 

compared with the control group, the lowest LC50 of 72.21 µg ml-1 was shown by 

Leptolyngbya sp. SI-SM with 100% mortality at highest concentration of 1000 µg ml-1 

followed by Chroococcidiopsis thermalis SI-ST showing LC50 value of 80.64 µg ml-1 

with 100% mortality at highest concentration of 1000 µg ml-1. Oscillatoria sp. SI-SK and 

Nostoc sp. SI-SN also showed low LC50 value of 91.05 and 93.99 µg ml-1 with 100 and 

99.4% mortality respectively at highest concentration of 1000 µg ml-1. Oscillatoria sp. 

SI-SA, Oscillatoria sp. SI-SF and Calothrix sp. SI-SV showed comparatively higher 

LC50 values of 122.3, 124.1 and 129.3 µg ml-1 with 52.0, 30 and 38.86% mortality at  
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Figure 6.5:   Antimicrobial bioautographic assay. Screening of antimicrobial compounds in AMC 

extracts of cyanobacterial isolates with bioautographic assay against Staphylococcus aureus ATCC 

25923. Yellow spots/discoloration on the plates showing antimicrobial compounds after developing 

with 2.5 mg ml-1 TTC solution. Arrows indicate antimicrobial compounds. 

 

(1). Oscillatoria sp. SI-SA: Total of 3 spots with Rf values of 0.00, 0.57 and 0.73. 

(2). Oscillatoria sp. SI-SF: Total of 1 spot with Rf value of 0.00.  

(3). Oscillatoria sp. SI-SK: Total of 3 spots with Rf values of 0.07, 0.32 and 0.46. 

(4). Leptolyngbya sp. SI-SM: Total of 7 spots with Rf values of 0.00, 0.37, 0.52, 0.67,  

      0.83, 0.94 and 0.98. 

(5). Phormidium sp. SI-SC: Total of 3 spots with Rf values of 0.00, 0.32 and 0.44.   

(6). Nostoc sp. SI-SN: Total of 3 spots with Rf values of 0.00, 0.41 and 0.62.   

(7). Calothrix sp. SI-SV: Total of 3 spots with Rf values of 0.00, 0.39 and 0.62.   

(8). Chroococcidiopsis thermalis sp. SI-ST: Total of 7 spots with Rf values of 0.00,  

      0.32, 0.44, 0.60, 0.82, 0.91 and 0.98. 
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Figure 6.6:   Biotoxicity of AMC extracts of isolated cyanobacterial strains against Artemia salina 

after 24 hours treatment. Control group included; negative control (NC) consisted of sterile saline 

buffered water, vehicle control (VC) consisted of 0.2% DMSO and positive control (PC) 1 µg ml-1 

actinomycin-D (ACT-D). The doses of the extracts are presented as log transformed concentrations 

ranging from 10-1000 µg ml-1. Bars represent the mean ± SEM of three technical replicates with 

three independent experiments (n=3). The LC50 values were derived from the data by applying non-

linear regression curve-fit with 95% confidence interval.  
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highest concentration of 1000 µg ml-1. Conversely, the AMC extract of Phormidium sp. 

SI-SC comparatively showed the highest LC50 value of 135.9 µg ml-1 with 28.59% 

mortality at highest concentration of 1000 µg ml-1.  

Cytotoxicity against cultured lymphocytes 

The cytotoxic effects of AMC extracts of 8 cyanobacterial isolated strains were 

evaluated in isolated lymphocytes obtained from a healthy and willing, non-smoking, 

non-drinking donor of 25 years of age. The lymphocytes were firstly stimulated with 

1.5% PHA-M for 24 hours after which different concentrations of cyanobacterial AMC 

extracts dissolved in 0.2% DMSO were added in the growing cultures. The treatment 

was given for 24 hours after which cell viability was measured with colorimetric MTS 

metabolic activity assay by taking absorbance of purple colored product at 565nm. 

Negative control received no treatment; vehicle control received only 0.2% aqueous 

DMSO and positive control received 5 µg ml-1 doxorubicin (DOX). The cell viability 

was expressed as a percentage relative to the cells treated with vehicle control from 

which IC50 values were derived which was a concentration at which half of the 

lymphocytes remained viable. The lower the IC50 value the higher the cytotoxic potential. 

The results revealed that the AMC extracts of all the strains showed cytotoxic effects of 

varying degree. Positive control; DOX showed 0% viability at a concentration of 5 µg 

ml-1 whereas vehicle control showed 99.04% cell viability after 24 hours treatment 

(Figure 6.7). When compared with the control group, the lowest IC50 value of 12.73 µg 

ml-1 was shown by Nostoc sp. SI-SN with 0.00% viability achieved at a minimum 

concentration of 250 µg ml-1 showing high cytotoxic potential closely followed by 

Leptolyngbya sp. SI-SM with IC50 value of 14.19 µg ml-1 showing high cytotoxic 

potential with 0.00% viability also achieved at a minimum concentration of 250 µg ml-1 

(Figure 6.7). Chroococcidiopsis thermalis SI-ST also showed low IC50 value of 27.47 µg 

ml-1 with 12.64% lymphocytes remained viable at highest concentration of 1000 µg ml-1. 

Oscillatoria sp. SI-SF and Oscillatoria sp. SI-SK showed IC50 values of 129.7 and 137.1 

µg ml-1 respectively thus showing moderate cytotoxic potential with 29.86 and 33.23% 

cell viability remained at highest concentration of 1000 µg ml-1. Conversely, the AMC 

extracts of Calothrix sp. SI-SV, Phormidium sp. SI-SC and Oscillatoria sp. SI-SC 

showed high IC50 values of 1004, 1034 and 1088 µg ml-1 respectively thus showing low 

cytotoxic potential. At highest concentration of 1000 µg ml-1, 33.23, 40.34 and 44.67% 
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Figure 6.7:  Measurement of cell viability with MTS assay against isolated normal human 

lymphocytes stimulated with 1.5% PHA-M after treatment with AMC extracts of isolated 

cyanobacterial strains and controls for 24 hours. Control group included; negative control (NC) 

consisted of sterile PBS in complete RPMI 1640 medium, vehicle control (VC) consisted of 0.2% 

DMSO in complete RPMI 1640 medium and positive control (PC) consisted of 5 µg ml-1 

doxorubicin (DOX) in complete RPMI 1640 medium. The doses of the extracts are presented as log 

transformed concentrations ranging from 10-1000 µg ml-1. The IC50 values were derived from the 

data by applying non-linear regression curve-fit with 95% confidence interval.  
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cell viability remained after treatment with the AMC extracts of Phormidium sp. SI-SC, 

Calothrix sp. SI-SV and Oscillatoria sp. SI-SA respectively (Figure 6.7).              

Embryotoxic and Teratogenic Activities in Chicken Embryos 

To screen the embryotoxic and teratogenic potential of AMC extracts of 8 cyanobacterial 

isolates, fertilized leghorn chicken embryos were used. A total of 220 embryos were 

included in the study and divided into two groups; the control group and the treatment 

group which was further divided into two groups belonging to lowest and highest 

concentrations of the extracts. Each group comprised of 10 embryos (n=10). The control 

group comprised of 10 (n=10) untreated embryos (negative control) whereas vehicle 

control comprised of 10 embryos (n=10) treated with 0.2% DMSO. Three days old 

fertilized embryos were injected aseptically with single dose of cyanobacterial extracts 

and then incubated at 37°C for 1 week. The effects of extracts on early embryonic 

development were studied. So for that matter the embryos were sacrificed on the 7th day 

when they reached Hamilton-Hamburger (HH) stage 33. Embryonic mortality was 

determined by the absence of a beating heart. The results showed that out of 10 non-

treatment controls and 0.2% DMSO vehicle control each all embryos (100%) survived 

and developed normally until HH stage 33 with no apparent malformations or 

embryotoxic effects (Table 6.3). On average the normal embryos in non-treated group 

weighed 0.19 g with crown/rump length measured 15.5 mm whereas the vehicle control 

embryos weighed 0.20 g on average with crown/rump length of 16 mm. In case of 

treatment groups the highest embryonic mortality was shown by AMC extracts of 

Oscillatoria sp. SI-SK, Leptolyngbya sp. SI-SM, Nostoc sp. SI-SN and 

Chroococcidiopsis thermalis SI-ST with 100% mortality recorded with each 

concentration deeming them highly lethal extracts with no embryonic development to 

record any malformations (Table 6.3). The extracts of Phormidium sp. SI-SC and 

Calothrix sp. SI-SV showed 80 and 90% mortality at low concentration of 100 µg/egg 

respectively with remaining embryos showing normal development with crown/rump 

length of 16.5 mm and embryo weight of 0.17 g on average in case of Phormidium sp. 

SI-SC whereas the crown/rump length of 18.5 mm and 0.26 g on average was recorded 

for Calothrix sp. SI-SV respectively. When higher concentration of 250 µg/egg of these 

extracts were injected in the eggs, 100% mortality was observed in each case, making 

them lethal with no embryonic development to record any malformations. Conversely, 

only extracts of Oscillatoria sp. SI-SF showed 40 and 10% mortality with concentration 
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of 100 and 250 µg/egg respectively whereas 60% malformed embryos were observed 

with low concentration of 100 µg/egg with crown/rump length of 19.0 mm and embryo 

weight of 0.47 g on average and 90% malformed embryos were observed with high 

concentration of 250 µg/egg with crown/rump length of 20.0 mm and embryo weight of 

0.65 g on average (Table 6.3).  

When the embryos were examined for toxic effects it was observed that the highest 

embryotoxicity was shown by the extracts of Oscillatoria sp. SI-SK, Leptolyngbya sp. 

SI-SM, Nostoc sp. SI-SN with rotten embryos and in ovo protein coagulation whereas 

and Chroococcidiopsis thermalis SI-ST only showed rotten embryos. Oscillatoria sp. SI-

SK showed 80 and 90% rotten embryos and 20 and 10% in ovo protein coagulation at 

extract concentrations of 100 and 250 µg/egg respectively. Leptolyngbya sp. SI-SM, 

Nostoc sp. SI-SN and Chroococcidiopsis thermalis SI-ST showed 60 and 90%, 80 and 

100% and 100 and 100% rotten embryos at extract concentrations of 10 and 250 µg/egg 

respectively whereas strain SI-SM showed 40 and 10% in ovo protein coagulation at 

extract concentrations of 10 and 250 µg/egg respectively but strain SI-SN only showed 

20% in ovo protein coagulation at lower concentration of 10 µg/egg. Oscillatoria sp. SI-

SA showed highest number of embryos with 40% of normal growth development and 

20% stunted growth only at low concentration of 100 µg/egg whereas it showed 20 and 

30% rotten embryo and in ovo protein coagulation only at higher concentration of 250 

µg/egg and showed 10 and 20% hemorrhage and 30 and 30% angiogenesis inhibition at 

both 100 and 250 µg/egg concentrations respectively. Similarly, Phormidium sp. SI-SC 

showed 20% of normal growth development only at low concentration of 100 µg/egg 

whereas it showed 10 and 30% of rotten embryos and hemorrhaging only at higher 

concentration of 250 µg/egg respectively. Conversely, it showed 40 and 10% of stunted 

growth and 50 and 40% of angiogenesis inhibition at concentrations of 100 and 250 

µg/egg respectively. Calothrix sp. SI-SV showed 10% of normal growth development 

only at low concentration of 100 µg/egg whereas it showed 20% of rotten embryos only 

at higher concentration of 250 µg/egg. Furthermore, it showed 30% of stunted growth at 

each concentration and 50 and 70% in ovo protein coagulation at concentrations of 100 

and 250 µg/egg respectively. Conversely, the extracts of Oscillatoria sp. SI-SF showed 

only 30 and 10% stunted growth at concentrations of 100 and 250 µg/egg respectively 

with rest of the embryos showing severe teratogenic effects. Furthermore, the extracts of 

Oscillatoria SI-SF also showed severe developmental defects with both low and high 

concentrations of 100 and 250 µg/egg. At lower concentration of 100 µg/egg, 100% of  



Bioactivity and Toxicity Screening Chapter 06 
 

220 
 

Table 6.3:   Embryotoxic effects of single pre-incubation dose of AMC extracts of 

isolated cyanobacterial strains in early developmental stages of chicken embryo 

observed on day 7. 

 

Treatment 

Groups 

 

Dose 

µg/egg 

No. of 

eggs 

Treated 

(n=10) 

 

Mortality 

% ± SEM 

 

Malformed  

% ± SEM 

Crown-rump 

length  

(mm ± SEM) 

Embryo 

Weight 

(gm) 

Negative Control 0 10 0 - 15.5 ± 0.57 0.19 ± 0.10 

Vehicle Control 0.2% 

DMSO 

10 0 - 16 ± 0.52 0.16 ± 0.16  

Oscillatoria sp.  

SI-SA 

100 

250 

10 

10 

60***  

100*** 

- 

- 

17.5 ± 0.42*** 

0 

0.23 ± 0.06*** 

0 

Oscillatoria sp.  

SI-SF T 

100 

250 

10 

10 

40***   

10***   

60***   

90*** 

 19 ± 3.56*** 

20 ± 5.69** 

0.47 ± 0.21*** 

0.65 ± 0.30*** 

Oscillatoria sp.  

SI-SK L 

100 

250 

10 

10 

100***   

100***   

- 

- 

- 

- 

- 

- 

Leptolyngbya sp.  

SI-SM L 

10 

100 

10 

10 

100***   

100***   

- 

- 

- 

- 

- 

- 

Phormidium sp.  

SI-SC 

100 

250 

10 

10 

80*** 

100*** 

- 

- 

16.5  ± 0.47 

0 

0.17 ± 1.02 

0 

Nostoc sp. SI-SN L 10 

100 

10 

10 

100*** 

100***   

- 

- 

- 

- 

- 

- 

Calothrix sp. SI-SV 100 

250 

10 

10 

90*** 

100*** 

- 

- 

18.5  ± 0.34*** 

- 

0.26 ± 0.93*** 

- 

Chroococcidiopsis 

thermalis SI-ST L 

10 

100 

10 

10 

100*** 

100***   

- 

- 

- 

- 

- 

- 

‘‒’ No live embryo recorded. Superscript ‘L’ indicates extremely lethal extracts; ‘T’ indicates 

teratogenic extract. Data represents mean ± SEM of three technical replicates. Asterisks indicate 

significant difference from vehicle control (VC) (p < 0.0001***) by applying one-way ANOVA 

with Dunnett’s multiple comparison test. 
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ectopic viscerale type defects were recorded followed by 66.7% beak deformity, 33.3% 

each of heart and eyes defects and 16.7% of caudal regression syndrome whereas at 

higher concentration of 250 µg/egg, 77.8% each of eyes and abdominal defects were 

recorded followed by 55.6% of severely deformed embryos. 44.5% of ectopic viscerale 

type defects were also recorded followed by 44.4% each of beak deformity and cephalic 

defects whereas 33.3% heart defects were also observed. Furthermore, at 250 µg/egg 

extract, 22.2% limb defects were recorded followed by 11.1% each of caudal regression 

syndrome and hemorrhaging (Table 6.4). Various toxic effects observed in chicken 

embryos after 7 days treatment with AMC extracts of 8 cyanobacterial isolates are given 

in Figure 6.8. 

In case of the effects of AMC extracts of Oscillatoria sp. SI-SF on the morphology of 

growing embryo, various types of abnormalities were recorded (Figure 6.9 A-P). The 

abnormalities of the central nervous system were presented with absence of entire head 

and neck with deformed head and cephalic disorder in the form of anencephaly (absence 

of major part of brain, skill and scalp) and exencephaly (displacement of brain outside of 

skull). The abnormalities of the eyes included; displacement of eyes, ectopia lentis 

(displacement of crystalline lens of an eye), anophthalmia (absence of eyes) and 

microphthalmia (reduced size of the eye). The heart abnormalities included; 

displacement of heart and ectopia cordis (displacement of heart outside of thorax). The 

abnormalities of the chest and abdomen region were presented with; distended abdomen 

(abnormal enlargement of abdomen), ectopia viscerale (displacement of abdominal 

organs of the body), exposed thoracic and abdominal region, abdominal omphalocele 

(presence of intestines outside of abdomen because of a hole in the navel) and thoracic 

hemorrhage. Other abnormalities included; deformed beak, caudal regression syndrome 

(reduction in size or absence of caudal part or tail). After 7 days (H-H stage 33) of 

incubation the normal chicken embryo acquired external morphology with head size 

greater than the rest of the body (Figure 6.9 A). The eyes were large with a yellow center 

and occupied central position of the head. The upper and lower beaks were developed. 

The cervical region was curved slightly. The thoracic and abdominal wall was intact 

whereas the fore and the hind limbs were in paddle-shaped formed with clearly defined 

digits. When compared with Oscillatoria sp. SI-SF AMC extract treated eggs, it was 

observed that the extracts cause extreme teratogenic effects. When low dose of 100 

µg/egg was given it was observed that there was a high prevalence (100%) of ectopia
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Table 6.4:   Percentage embryotoxic and teratogenic effects of single pre-incubation dose of AMC extracts of isolated cyanobacterial strains in earlier 

developmental stages of chicken embryo observed on day 7. 

 

% Embryotoxic Effects  

 

SI-SA 

µg/egg 

SI-SF 

µg/egg 

SI-SK 

µg/egg 

SI-SM 

µg/egg 

SI-SC 

µg/egg 

SI-SN 

µg/egg 

SI-SV 

µg/egg 

SI-ST 

µg/egg 

100 250 100 250 100 250 10 100 100 250 10 100 100 250 10 100 

Stunted growth  20 0 30 10 0 0 0 0 40 10 0 0 20 0 0 0 

Rotten embryos 0 20 0 0 80 90 60 90 0 10 80 100 30 30 100 100 

In ovo protein coagulation 0 30 0 0 20 10 40 10 0 10 20 0 50 70 0 0 

Hemorrhage 10 20 0 0 0 0 0 0 0 30 0 0 0 0 0 0 

Angiogenesis inhibition 30 30 0 0 0 0 0 0 50 40 0 0 0 0 0 0 

Normal growth 40 0 0 0 0 0 0 0 20 0 0 0 10 0 0 0 

  

% Developmental Defects 

SI-SA 

µg/egg 

SI-SF 

µg/egg 

SI-SK 

µg/egg 

SI-SM 

µg/egg 

SI-SC 

µg/egg 

SI-SN 

µg/egg 

SI-SV 

µg/egg 

SI-ST 

100 250 100 250 100 250 10 100 100 250 10 100 100 250 10 100 

Beak deformity na - 66.7 44.4 - - - - na - - - na - - - 

Caudal regression syndrome na - 16.7 11.1 - - - - na - - - na - - - 

Limb deformity na - 0 22.2 - - - - na - - - na - - - 

Heart defects na - 33.3 33.3 - - - - na - - - na - - - 

Eye defects na - 33.3 77.8 - - - - na - - - na - - - 

Cephalic defects na - 0 44.4 - - - - na - - - na - - - 

Ectopic viscerale na - 100 44.5 - - - - na - - - na - - - 

Other abdominal defects na - 0 77.8     na    na    

Hemorrhage na - 0 11.1 - - - - na - - - na - - - 

Severely deformed na - 0 55.6 - - - - na - - - na - - - 

‘‒’ No embryo formation to record developmental defects. Na, no abnormal embryos detected. Each concentration comprised of 10 embryos (n=10). 
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A.  B. C.  

D.  E.   F.  

G.  H.   I.  

J.  K.  L.  

Figure 6.8:   Various toxic effects observed in chicken embryos after 7 days treatment with 

AMC extracts of 8 cyanobacterial isolates. (A). Normal growing embryo in ovo with beating heart 

and angiogenesis. (B). Rotten embryo. (C). Stunted growth. (D). Stunted growth (E). In ovo protein 

coagulation (F). Hemorrhage around blood vessels. (G). Stunted growth. (H). Stunted growth. (I). 

Stunted growth and in ovo protein coagulation. (J). Stunted growth. (K). Stunted growth and 

inhibition of angiogenesis. (L). In ovo thoracic hemorrhage.   
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viscerale with no other abdominal disorders detected followed by 66.7% of beak 

deformity (Figure 6.9 B-G). Equal prevalence (33.3%) of heart and eye disorders was 

also recorded with most frequent type of heart abnormality of ectopia cordis whereas in 

case of eye disorder it was ectopia lentis (Table 6.3) (Figure 6.9). Caudal regression 

syndrome was also detected in the embryos with prevalence of 16.7%. On the other 

hand, the teratogenic effects were observed to be more pronounced when higher dose of 

250 µg/egg was given. It was observed that the highest prevalence (77.8%) of eye and 

abdominal disorders other than ectopia viscerale was there in each case which included; 

anophthalmia and microphthalmia (Figure 6.9 H, I, L, N, O, P) and distended abdomen, 

exposed thoracic region and abdominal omphalocele (Figure 6.9 H, I, J, L, M and O) 

followed by severely deformed embryos with prevalence of 55.6% (Table 6.3) (Figure H, 

I, K, L, N) whereas beak deformity, cephalic defects and ectopic viscerale were equally 

prevalent with 44.4 - 44.5% (Table 6.3). The beak deformity included absence of beak as 

shown in Figure 6.9 P). The cephalic disorders included; anencephaly (Figure 6.9 I), 

complete absence of head and neck portion (Figure 6.9 K), microcephaly (Figure 6.9 L) 

and exencephaly (Figure 6.9 N). The prevalence of heart defects was 33.3% showing; 

ectopia cordis (Figure 6.9 I and L) and displacement of heart to right side (Figure 6.9 N). 

Limb deformity showed prevalence of 22.2% (Table 6.3) (Figure 6.9 I and K). Caudal 

regression syndrome and hemorrhage were presented with equally prevalent of 11.1% 

(Table 6.3) (Figure 6.9 H). The hemorrhage was observed on thoracic portion at right 

side (Figure 6.9 P).  

Overall the results showed that the AMC extracts of strains SI-SK, SI-SM, SI-SN and SI-

ST were extremely lethal for the growing embryo at both low and high concentrations 

whereas the extracts of strains SI-SV, SI-SC and SI-SA were moderate embryotoxic at 

low concentrations and highly toxic at higher concentrations. Conversely, only AMC 

extract of strain SI-SF was extremely teratogenic against chicken embryos with drastic 

effects.        

Anticancer Activity of Cyanobacterial Extracts 

The anticancer potential of AMC extracts of 8 isolated cyanobacterial isolates were 

investigated in two cancer cell-lines; MCF-7 and MDA-MB-231. The cell-lines, 

suspended in complete RPMI 1640 media were seeded in a 96-well microtiter plate at a 

cell density of 5 x 106 cells/well and were grown for 24 hours for cell attachment after 

which different concentrations of cyanobacterial AMC extracts dissolved in 0.2% DMSO 
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A.   B. C.  D.  E.   

F.  G.   H.   I.  J.   

K.  L.  M. N.   

O.    P.  

  

Figure 6.9:   Teratogenic effects of AMC extracts of Oscillatoria sp. SI-SF after Hamilton-

Hamburger stage 33 (7 days) of chicken embryo preserved in Bouin fixative. (A). Vehicle control 
(0.2% DMSO) showing normal development. Arrows indicate abnormalities. (B-G). Various 

developmental defects investigated after treatment with 100 µg/egg extract. (B). Beak deformity, caudal 

regression syndrome, slight ectopia viscerale. (C). Beak deformity, ectopia viscerale. (D). Ectopia 

viscerale, eye deformity. (E). Heart shifted to left with slight ectopia cordis. (F). Reduced body size, beak 

deformity, ectopia cordis. (G). Ectopia lentis, ectopia viscerale, beak deformity. (H-P). Various 

developmental defects investigated after treatment with 250 µg/egg extract. (H). Severely deformed with 

anophthalmia, distended abdomen, caudal regression syndrome. (I). Severely deformed body with 

anencephaly, anophthalmia, deformed beak, ectopia cordis, exposed thoracic region, ectopia viscerale, limb 

deformity. (J). Abdominal omphalocele with large distended abdomen. (K). Misshapen body with absence 
of head and neck with deformed limbs. (L). Severely deformed with microcephaly, anophthalmia, ectopia 

cordis, ectopia viscerale, exposed thoracic and abdominal region. (M). Eye and beak deformity, exposed 

thoracic and abdominal region. (N). Severely deformed with exencephaly, microphthalmia, beak deformity, 

twisted body, ectopia viscerale, reduced body size, heart shifted to right. (O). Microphthalmia, ectopia 

viscerale, abdominal omphalocele. (P). Stunted growth, thoracic hemorrhage, microphthalmia, absence of 

beak, reduced body size.      
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were added in the growing cultures. The treatment was given for 72 hours after which cell 

viability was measured with colorimetric MTS metabolic activity assay by taking 

absorbance of purple colored product at 565 nm. Negative control received no treatment, 

vehicle control received only 0.2% aqueous DMSO and the positive control received 5 µg 

ml-1 doxorubicin (DOX). The cell viability was expressed as a percentage relative to the 

cells treated with vehicle control from which IC50 values were derived which was a 

concentration at which half of the cancer cells remained viable. The lower the IC50 value 

the higher the cytotoxic potential. The anticancer potential was categorized as high, 

moderate or low on the basis of IC50 values. The extracts showing IC50 values below 50 

µg ml-1 were considered potentially high anti-cancerous, above 50 µg ml-1 were 

considered moderate and above 100 µg ml-1 were considered potentially low anti-

cancerous extracts.    

Anticancer activity against MCF-7 cell-line 

In case of MCF-7 cell-line, the results revealed that after 72 hours treatment with AMC 

extracts, all the strains showed considerable anticancer activities. Positive control DOX 

showed 7.87% cell viability at a concentration of 10 µg ml-1 whereas; vehicle control 

showed 98.37% cell viability after 72 hours treatment (Figure 6.10). When compared with 

the control group, the lowest IC50 value of 12.70 µg ml-1 was shown by Nostoc sp. SI-SN 

with 2.44% cell viability remained at highest concentration of 250 µg ml-1 showing high 

anticancer potential followed by Chroococcidiopsis thermalis sp. SI-ST with IC50 value of 

39.95 µg ml-1 also showing high anticancer potential with only 8.98% cell viability 

remained at highest concentration of 250 µg ml-1 (Figure 6.10). Oscillatoria sp. SI-SA, 

Leptolyngbya sp. SI-SM, Calothrix sp. SI-SV and Phormidium sp. SI-SC showed 

moderate anticancer activities with IC50 values of 61.75, 84.15, 89.29 and 92.61 µg ml-1 

with 19.00, 39.47, 45.82 and 60.15% cell viability remained at highest concentration of 

250 µg ml-1 respectively. Conversely, Oscillatoria sp. SI-SK and Oscillatoria sp. SI-SF 

showed low anticancer activity by showing comparatively high IC50 values of 126.7 and 

137.8 µg ml-1 with 69.69 and 77.00% cell viability remained at highest concentration of 

250 µg ml-1 respectively (Figure 6.10). 

Anticancer activity against MDA-MB-231 cell-line 

In case of MDA-MB-231 cell-line, the results revealed that after 72 hours treatment with 

AMC extracts, all the strains showed comparatively higher anticancer activities than  
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Figure 6.10:   Measurement of cell viability with MTS against MCF-7 cell line after treatment 

with AMC extracts of isolated cyanobacterial strains and controls for 72 hours. Control group 

included; negative control (NC) consisted of sterile PBS in complete RPMI 1640 medium, 

vehicle control (VC) consisted of 0.2% DMSO in complete RPMI 1640 medium and positive 

control (PC) consisted of 10 µg ml-1 doxorubicin (DOX) in complete RPMI 1640 medium. The 

doses of the extracts are presented as log transformed concentrations ranging from 10-250 µg ml-

1 whereas dose of SI-SN was in the range of 5-50 µg ml-1. Bars represent the mean ± SEM of 

three technical replicates with three independent experiments (n=3). The IC50 values were 

derived from the data by applying non-linear regression curve-fit with 95% confidence interval.  
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MCF-7 cell-line except for Nostoc sp. SI-SN extracts which showed increased anticancer 

activity towards MDA-MB-231 cell-line. When compared with the control group, the 

lowest IC50 value of 9.60 µg ml-1 was shown by Nostoc sp. SI-SN with 1.52% cell 

viability remained at highest concentration of 250 µg ml-1 showing very high anticancer 

potential. Positive control DOX showed 9.74% cell viability at a concentration of 10 µg 

ml-1 whereas vehicle control showed 98.33% cell viability after 72 hours treatment 

(Figure 6.11). Chroococcidiopsis thermalis sp. SI-ST with IC50 value of 44.93 µg ml-1 

also showed high anticancer potential with only 14.37% cell viability remained at highest 

concentration of 250 µg ml-1 (Figure 6.11). Oscillatoria sp. SI-SA and Leptolyngbya sp. 

SI-SM showed moderate anticancer activities with IC50 values of 82.75 and 95.80 µg ml-1 

with 26.81 and 48.47% cell viability respectively. Calothrix sp. SI-SV and Phormidium 

sp. SI-SC showed IC50 values of 111.6 and 116.6 µg ml-1 with 58.99 and 77.84% cell 

viability remained at highest concentration of 250 µg ml-1 respectively showing low 

anticancer activities. Conversely, Oscillatoria sp. SI-SK and Oscillatoria sp. SI-SF 

showed very low anticancer activities by showing comparatively high IC50 values of 

150.5 and 186.6 µg ml-1 with 79.36 and 82.03% cell viability remained at highest 

concentration of 250 µg ml-1 respectively.  

The results of anticancer potential revealed that the AMC extracts of Nostoc sp. SI-SN 

held the most potent anticancer properties with higher activity towards the MDA-MB-231 

cancer cell-line with more than 95% eradication of in both cancerous cells. So to confirm 

its cancer cell killing activity a clonogenic assay was performed with MCF-7 and MDA-

MB-231 cells treated with AMC extracts of Nostoc sp. SI-SN.  

Clonogenic assay of AMC extracts of Nostoc sp. SI-SN 

Clonogenic cell survival assay is considered as a gold standard to evaluate the potency 

and efficiency of a potential anticancer drug. Since only the AMC extracts of Nostoc sp. 

SI-SN showed very potent anticancer activities towards both MCF-7 and MDA-MB-231 

cell-lines amongst the 8 cyanobacterial strains, it was selected for further confirmatory 

test to evaluate its effects on cancer cells. For this purpose, the AMC extract of Nostoc sp. 

SI-SN was subjected to clonogenic assay with both MCF-7 and MDA-MB-231 cell-lines. 

The cell-lines were treated with increasing concentration of 1, 5, 10, 15 and 25 µg ml-1 

AMC extracts of Nostoc sp. SI-SN as described previously. After 72 hours treatment the 

extracts were removed and the cells were harvested, washed and resuspended in fresh  
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Figure 6.11:   Measurement of cell viability with MTS against MDA-MB-231 cell line after 

treatment with AMC extracts of isolated cyanobacterial strains and controls for 72 hours. Control 

group included; negative control (NC) consisted of sterile PBS in complete RPMI 1640 medium, 

vehicle control (VC) consisted of 0.2% DMSO in complete RPMI 1640 medium and positive 

control (PC) consisted of 10 µg ml-1 doxorubicin (DOX) in complete RPMI 1640 medium. The 

doses of the extracts are presented as log transformed concentrations ranging from 10-250 µg ml-

1 whereas dose of SI-SN was in the range of 5-50 µg ml-1. Bars represent the mean ± SEM of 

three technical replicates with three independent experiments (n=3). The IC50 values were 

derived from the data by applying non-linear regression curve-fit with 95% confidence interval.  
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RPMI1640 complete media in 6-well plates with 200 cells/well in case of MCF-7 cell-

lines and 400 cells/well in case of MDA-MB-231 cell-line. The control consisted of 0.2% 

DMSO. The plates were then incubated for 10 days to allow cells to form colonies after 

which the resulting colonies were fixed with acetic acid/methanol (1:7) and stained with 

0.5% methylene blue methanolic solution. The colonies were examined under inverted 

microscope and only those colonies were counted which were composed of >50 cells.  

The plating efficiency (PE) (number of colonies counted/number of cells plated x 100) 

was calculated first from which survival fraction (PE of treatment/ PE of control x 100) 

was calculated. The data was expressed as percentage cell survival.  

The results of clonogenic assay showed that AMC extract of Nostoc sp. SI-SN had highly 

potent anticancer properties as percentage cell-survival decreased with increasing 

concentration. In case of MCF-7 cell-line the plating efficiency was calculated to be 95% 

from which vehicle control was normalized to 100% cell survival (Figure 6.12 A). As the 

extract concentrations applied it was observed that at lowest concentration of 1 µg ml-1 

93.63% cells survived after treatment. At concentration of 5 µg ml-1 the cell survival 

percentage significantly (p < 0.0001) decreased to 75.76%. The cell survival further 

decreased significantly (p < 0.0001) at concentration of 10 µg ml-1 to 56.05%. At 

concentration of 15 µg ml-1 the cell survival significantly (p < 0.0001) remained 38.90% 

whereas at highest concentration of 25 µg ml-1 the cell survival decreased significantly (p 

< 0.0001) to 0% with complete eradication of MCF-7 cancer cells (Figure 6.12 A).  

In case of MDA-MB-231 cell-line the plating efficiency was calculated to be 86.5% from 

which vehicle control was normalized to 100% cell survival (Figure 6.12 B). As the 

extract concentrations applied it was observed that at lowest concentration of 1 µg ml-1 

95.07% cells survived after treatment. At concentration of 5 µg ml-1 the cell survival 

percentage significantly (p < 0.0001) decreased to 80.86%. The cell survival further 

decreased significantly (p < 0.0001) at concentration of 10 µg ml-1 to 24.05%. At 

concentration of 15 µg ml-1 the cell survival significantly (p < 0.0001) decreased to 

12.7% whereas at highest concentration of 25 µg ml-1 the cell survival significantly (p < 

0.0001) decreased completely to 0% with complete eradication of MDA-MB-231 cancer  

cells (Figure 6.12 B). 

Screening of anticancer compounds in AMC extracts of Nostoc sp. SI-SN. 

The strain SI-SN was selected on the basis that it showed highest and potent anticancer 

activity against both MCF-7 and MDA-MB-231 cell-lines and furthermore showed  
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Figure 6.12:   Clonogenic assay with MCF-7 and MDA-MB-231 cell-lines. (A). Effects of 

AMC extract of Nostoc sp. SI-SN on colony formation of MCF-7. (B). Effects of AMC extract of 

Nostoc sp. SI-SN on colony formation of MDA-MB-231 breast cancer cell-lines. The 6-well 

plates showing colonies of MCF-7 and MDA-MB-231 cell-lines fixed and stained with acetic 

acid/methanol (1:7) and 0.5% methanolic solution of methylene blue. The cells were treated for 

72 h and number of colonies was calculated after 10 days of incubation. Colonies containing >50 

cells were counted. Data represents mean ± SEM of three technical replicates. Asterisks indicate 

significant difference from vehicle control (VC) (p < 0.0001***) by applying one-way ANOVA 

with Dunnett’s multiple comparison test. 
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selective and enhance activity against the more aggressive MDA-MB-231 cell-line. So in 

order to screen the extracts for active fractions against MCF-7 and MDA-MB-231 breast 

cancer cell-lines, the AMC extracts of Nostoc sp. SI-SN were applied to a glass- back 

preparative TLC plate. The extracts were developed with the same solvent mobile phase 

used for bioautographic assays. After separation, each band was scratched out and 

dissolved in absolute HPLC grade ethanol and centrifuge to remove silica. The 

supernatant was collected, filtered and vacuum dried after which each band was dissolved 

separately in 0.2% DMSO to be screened for its anticancer activity against both cell-lines 

with the help of MTS assay. The treatment was given for 72 hours after 24 hours cell 

attachment. The appearance of yellow or colorless solution showed anticancer positive 

fractions after addition of MTS solution.  

After preparative TLC was performed the AMC extracts of Nostoc sp. SI-SN showed 12 

bands under visible light (Figure 6.13 A). Fraction 1 (F1) showed red-orange color with 

an Rf value of 0.98 typical of β-carotene closely followed by another band (F2) of red-

orange variant of β-carotene with an Rf value of 0.96. A gray colored band (F3) with an Rf 

value of 0.88 showed presence of a degraded product of chlorophyll known as 

pheophytin. A red-orange band (F4) with an Rf value of 0.81 showed typical presence of a 

xanthophyll. An unknown gray-brown band (F5) with an Rf value of 0.78 was also shown 

present in the extracts. Several blue-green chlorophyll-a bands (F7, F8, F9 and F10) were 

detected with Rf values of 0.62, 0.54, 0.48 and 0.43 respectively. An unknown green-

brown band (F11) was detected at a polar front of the TLC chromatogram with an Rf 

value of 0.15 whereas an unknown, highly polar, dark-brown band (F12) was also 

detected with an Rf value of 0.05. When these isolated bands were applied to the MTS 

assay it was observed that 1 out of 12 bands was highly and significantly (p < 0.0001) 

active against MCF-7 cell-line with only 4.14% cell viability remained as compared with 

the vehicle control (0.2% DMSO) (Figure 6.13 B and C) . The active band was observed 

to be a highly polar band (F12). The rest of the 11 bands did not show any significant 

difference from the vehicle control and hence were not active against MCF-7 cell-lines. 

Conversely to MCF-7 cell-line, 8 out of 12 bands were observed to be active against 

MDA-MB-231 cell-line with varying percentage of cell viability (Figure 6.13 B). The 

highest activity was shown by band F12 with only 2.14% cell viability remained with 

significant difference (p < 0.0001) from the vehicle control followed by an unknown red-

orange carotene isomer band F4 and unknown band F11 with 0.52 and 5.26% cell 

viability remained respectively with significant difference (p < 0.0001) from the vehicle 
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control (Figure 6.13 D). Red-orange colored β-carotene bands F1 and α-carotene band F2 

also showed significant (p < 0.0001) anticancer activity against MDA-MB-231 cell-line 

with 40.94 and 55.08% cell viability. Furthermore, blue-green chlorophyll-a bands F8 and 

F6 also showed significant anticancer activity against MDA-MB-231 cell-line with 56.26 

and 87.8% cell viability. An unknown gray-brown band F5 also showed significant 

anticancer activity against MDA-MB-231 cell-line with 88.42% cell viability. The results 

of the MTS assay showed that the AMC extracts of Nostoc sp. SI-SN were more active 

towards the aggressive and resistant cancer cell-line MDA-MB-231 as compared with 

MCF-7 cell-line however, the main band F12 was found to be the most active compound 

towards both cell-lines with0.06 and 0.035% cell viability remained in MCF-7 and MDA-

MB-231 cell-lines respectively. When the cell-lines treated with active fractions were 

observed under the inverted microscope (40X), complete cell shrinkage with apoptotic 

bodies were clearly observed in case of band F12 against both MCF-7 and MDA-MB-231 

cell-lines whereas complete cell shrinkage with apoptotic bodies were clearly observed 

with band F4 against only MDA-MB-231 cell-line whereas F11 showed partial cell 

shrinkage with clearly observed apoptotic bodies. Apoptotic bodies were also seen in cells 

treated with bands F1, F2, F5, F6 and F8 but with lesser extent. The effects of active 

isolated compounds of AMC extracts of Nostoc sp. SI-SN on the morphology of MCF-7 

and MDA-MB-231 cell-line after 72 hours treatment are given in Figure 6.14. 

Discussion 

During the last two decades, scientists have been working diligently to unravel the 

mysteries of secondary metabolites of cyanobacteria mainly due to two reasons; firstly 

due to their production of extremely potent toxins mainly by bloom forming species of 

freshwater and their harmful effects towards animals, plants and humans and secondly 

due to their potential therapeutic applications, as they have shown potent 

antioxidant/antiradical scavenging, antibacterial, antifungal, anticancer, antiviral, 

antimalarial and antialgal activities (Ananya and Ahmad, 2014). In this chapter bioactive 

and toxic potential of 8 isolated cyanobacterial strains were investigated by applying 

various direct and indirect screening techniques to extract as much information as 

possible. As cyanobacteria produce bioactive compounds with different polarities, various 

extraction solvents were selected to screen for efficient extraction of these compounds. 

Cyanobacterial isolates were firstly investigated for their antioxidant activities as radical 

scavengers with two free cationic radicals; a blue-green colored ABTS+ and a deep purple 
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Figure 6.13:   Anticancer compounds of AMC extracts of Nostoc sp. SI-SN against MCF-7 

and MDA-MB-231 cancer cell-lines. (A). Preparative TLC of extracts showing 12 compounds 

along with their Rf values. (B). MTS microtiter assay after 72 hours of treatment showing 

anticancer activity against MCF-7 cell-line on left side and MDA-MB-231 cell-line on right 

together with their vehicle controls (0.2% DMSO) at top center. Decrease in red-brown color of 

soluble formazan crystals indicated decrease in cell viability. (C). Percentage cell viability of 

MCF-7 cell-line after 72 hours treatment with 12 compounds. (D). Percentage cell viability of 

MDA-MB-231 cell-line after 72 hours treatment with 12 compounds. Data represents mean ± SEM 

of two technical replicates. Asterisks indicate significant difference from vehicle control (VC) (p < 

0.0001***) by applying one-way ANOVA with Dunnett’s multiple comparison test. 
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Figure 6.14:   The effect of active compounds of AMC extracts of Nostoc sp. SI-SN on the 

morphology of MCF-7 and MDA-MB-231 cell-line after 72 hours treatment observed under 

inverted light microscope (40X objective). (A). MCF-7 cell-line treated with vehicle control (0.2% 

DMSO). (B). MCF-7 treated with compound F12 showing apoptotic cells. (C). MDA-MB-231 cell-line 

treated with vehicle control (0.2% DMSO). (D). MDA-MB-231 cell-line treated with compound F1. 

(E). MDA-MB-231 cell-line treated with compound F2. (F). MDA-MB-231 cell-line treated with 

compound F4 showing apoptotic cells. (G). MDA-MB-231 cell-line treated with compound F5. (H). 

MDA-MB-231 cell-line treated with compound F6. (I). MDA-MB-231 cell-line treated with compound 

F8. (J). MDA-MB-231 cell-line treated with compound F11 showing apoptotic cells. (K). MDA-MB-

231 cell-line treated with compound F12 showing apoptotic cells. Arrows indicate apoptotic bodies. 
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colored DPPH+. The results revealed that the extracts of all the 8 cyanobacterial strains 

showed radical scavenging activities in a dose dependent manner. In terms of EC50 values 

the highest radical scavenging activities against both free radicals were shown by aqueous 

and AMC extracts. When the results of both free radicals were compared it was observed 

that DPPH+ gave comparatively higher EC50 values than the ABTS+ radical however with 

similar antioxidant trend. This could be due to color interference of DPPH with pigmented 

compounds in the cyanobacterial extracts like; chlorophyll-a, carotenoids etc., which leads 

to underestimation of antioxidation potential (Shalaby and Shanab, 2013). Conversely, 

ABTS assay has some advantages over DPPH assay as it can be used at different pH unlike 

DPPH which is sensitive to acidic pH, it is also soluble in both aqueous and organic 

solvents unlike DPPH which is insoluble in water and most importantly, its absorption 

maximum at longer wavelength of 734 nm greatly eliminates color interferences from 

pigmented extracts like in case of cyanobacteria (Apak et al., 2013). It is therefore 

recommended to use at least two radical scavenging assays for accurate quantification of 

free radical scavenging potential. Shanab et al., (2012) also showed that water extracts of 

Spirulina platensis. Oscillatoria sp. and Nostoc muscorum possessed high antioxidant 

activity of 75.9, 75.6 and 72.8% respectively at 100 µg ml-1 which decreased when DPPH 

assay was applied with 69, 69 and 70% antioxidation respectively at same concentration 

however comparatively, current Oscillatoria sp. SI-SA, Nostoc sp. SI-SN and 

Leptolyngbya sp. SI-SM possessed much higher antioxidant potential by giving 86.3, 85.63 

and 84.29% antioxidant activity respectively at 100 µg ml-1 with ABTS assay which 

decreased to 82.96, 84.29 and 77.57% respectively at same concentration when DPPH 

assay was applied. Among the organic extracts, AMC extracts of isolated cyanobacterial 

strains also showed potent antioxidant activities with highest potential in terms of EC50 

value shown by Nostoc sp. SI-SN with EC50 value of 36.39 µg ml-1 closely followed by 

Leptolyngbya sp. SI-SM, Calothrix sp. SI-SV and Phormidium sp. SI-SC EC50 value of 

48.01, 53.04 and 58.10 µg ml-1 respectively with ABTS assay whereas they showed 

increased EC50 values of 44.72, 54.83, 57.64 and 64.64 µg ml-1 respectively when DPPH 

assay was applied. Ali et al. (2014) showed higher antioxidant potential from chloroform 

extract of Nostoc sp. which scavenged 63.8% DPPH free radical at concentration of 225 µg 

ml-1.  

When TLC bioautographic assay was applied to assess the antioxidant compounds present 

in the four extracts it was revealed that in water extracts the major antioxidant contribution 
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was given by phycobiliproteins as evident from TLC chromatogram of water extracts 

which showed extremely polar blue colored CPC and pink colored CPE in the isolated 

cyanobacterial extracts with Rf  values of 0.00 which upon illumination under UV light also 

gave crimson and yellow fluorescence evident of CPC and CPE respectively however 

under far UV light of 256 ηm it was observed that apart from PBPs some phenolic 

compounds were also present evident as dark bands (Figure 6.2). Similarly, Shanab et al., 

(2012) also showed that high antioxidant activities of Spirulina platensis water extracts was 

due to PBPs and increasing the production of these pigments progressively increased the 

antioxidant activities recorded by both ABTS and DPPH assays. Conversely, it was 

observed that mostly photosynthetic pigmented compounds were taking part in antioxidant 

activities shown by AMC extracts followed by highly polar compounds (Figure 6.2). The 

pigmented compounds included; chlorophyll-a and carotenoids like β-carotene and 

xanthophylls which are extensively studied for their antioxidant potential. Similarly, El-

Baky et al. (2008) also showed that organic extract of Spirulina maxima possessed 

powerful antioxidant activities due to the presence of carotenoids, chlorophylls and 

phenolic compounds. β-carotene and xanthophylls both belong to carotenoid family 

however, β-carotene is a purely hydrophobic molecule without the presence of oxygen 

whereas xanthophylls are carotenoids that contain oxygen (Kirti et al., 2014). Carotenoids 

are extremely potent natural antioxidants and can act as free radical scavengers and 

chemical quenchers of 1O2 both in vitro and in vivo (Fiedor and Burda, 2014). Being a 

photoautotroph, cyanobacteria are constantly exposed to high oxygen and high energy UV 

radiation which subject them to produce potent antioxidant compounds and free radical 

scavengers and quenchers that make excellent bioresource for the production of 

therapeutics for the treatments chronic diseases related to oxidative stress (Saranya et al., 

2014). 

Of late, the continuous deployment of antimicrobial drugs in treating bacterial infections 

has led to the emergence of multidrug resistant bacteria (MDR) like methicillin-resistant 

Staphylococcus aureus (MRSA), vancomycin-resistant Enterococci spp. and the notorious 

extended spectrum β-lactamase-producing pathogens from Enterobacteriaceae family 

causing nosocomial infections which have caused great concern worldwide. Currently 

available drugs are effective against only one-third of the diseases due to the MDR 

pathogens. Therefore search for new antimicrobial compounds are in urgent need. 

Cyanobacteria have been extensively investigated as a rich bioresource of highly potent 

antimicrobial compounds however; none has reached clinical trials since very few 
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compounds have been structurally characterized (Singh et al., 2011). This is due to the fact 

that these compounds are either too toxic or do not show activity in pure form in vivo (Abo-

State et al., 2015). Nonetheless, the compounds when present in crude form have shown 

potent activities and thus could be administered as an extract or developed into their less 

toxic analogues. Presently, the aqueous and organic extracts (methanol, acetone and AMC) 

of 8 isolated cyanobacterial strains were screened for their antimicrobial activity with 

conventional well-diffusion method against several MDR, ATCC and clinically isolated 

pathogens including Gram-positive, Gram-negative bacteria and yeast which showed 

considerable resistance towards several standard antimicrobial drugs (Table 6.2). The 

results revealed that amongst the organic extracts, AMC extracts of all the strains showed 

very potent and broad-spectrum antimicrobial activity against all the selected bacterial and 

yeast pathogens whereas acetone and methanolic extracts showed low activity only towards 

Bacillus sp. and Pseudomonas aeruginosa. Conversely aqueous extracts were completely 

inactive towards all tested pathogens. Similarly, Abo-State et al. (2015) also screened 

antimicrobial activity of aqueous and organic extracts of several strains of cyanobacteria to 

conclude that organic extracts of chloroform were the most potent and broad-spectrum in 

activity as compared with aqueous extract with Nostoc muscorum extracts showing IZ of 

20 mm against Staphylococcus aureus, extracts of Nostoc piscinale showing IZ of 24 and 

26 mm towards K. pneumonae and extracts of Spirulina platensis showing IZ of 21 mm 

towards E.coli.  

For further confirmation of their potency, the AMC extracts were also subjected to micro-

titer broth dilution assay to determine MIC and IC50 value as agar well-diffusion assay has 

some limitations; that extracts containing bioactive non-polar compounds or lipophilic 

pigments do not diffuse properly in the aqueous agar mesh an thus give underestimated 

activities. The results of the broth-dilution showed that AMC extracts were indeed highly 

potent against broad-spectrum of pathogens. Similarly, Yadav et al. (2015) also showed 

that ethanolic extracts of 17 out of 20 isolated cyanobacterial species showed broad-

spectrum antimicrobial activities with MIC ranging between concentrations of 0.05-5 µg 

ml-1. They also showed that Nostoc calcicola extract was the most potent in antimicrobial 

activity against all tested pathogens. Conversely, Bharat et al. (2013) showed higher MIC 

values from 10 isolated cyanobacterial strains in the range of 64-128 µg ml-1.  

Chromatographic separation of the AMC extracts and subsequent application of 

antimicrobial bioautographic assay revealed bioactive compounds in the extracts of all 8 
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isolated cyanobacterial strains with Rf values in the range of 0.00 to 0.98. The highest 

number of compounds showing antimicrobial activities was detected in Leptolyngbya sp. 

SI-SM and Chroococcidiopsis thermalis SI-ST with compounds belonging to polar, mid-

polar as well as non-polar classes whereas extract of Oscillatoria sp. SI-SA only showed 

antimicrobial activity from polar and non-polar compounds. On the other hand, extracts of 

strains SI-SV, SI-SN, SI-SC and SI-SK showed antimicrobial activity from polar and mid-

polar compounds whereas the extract of SI-SF only showed activity from polar compounds. 

Nonetheless, the compounds present at Rf value of 0.00, belonging to polar class, were 

commonly present in all strains. El Semary, (2012) showed that Leptolyngbya sp. produced 

butylated hydroxytoluene which showed potent antimicrobial as well as antioxidant 

activities. The 8 isolated cyanobacteria strains produced number of polar, mid-polar and 

non-polar compounds as investigated in chapter 5 which included; alkaloids, phenolic 

compounds, amino acids, saponins, terpenoids, glycosides, sterols and reducing sugars 

which could be contributing in the high antimicrobial activities of the extracts against both 

Gram-positive and Gram-negative bacteria as well as fungi. The presence of high amounts 

of phenolic compounds in the 8 isolated cyanobacterial AMC extracts could also be 

contributing in the high antimicrobial activities of these strains. Phenolic compounds have 

proven to possess potent bactericidal activities against broad-spectrum of pathogen along 

with their powerful antioxidant activities because they are nonionic surfactants which 

disrupt the lipid-protein interface, denature proteins and inactivate microbial enzymes 

along with their property to alter the membrane permeability that results in uncoupling of 

oxidative phosphorylation, inhibition of active transport and leakage of essential proteins 

and metabolites from the cells (Manoj and Murugan, 2012). The antimicrobial activities 

shown by the extracts of isolated cyanobacterial strains in the current investigation are in 

accordance with potent activities manifested by various cyanobacterial compounds like; 

Noscomin and Nostocyclamide from Nostoc sp. as well as Hapalindole alkaloids, 

Cyanobacterin, Fisherellin A and B, Norharmane and Norbietane compounds showing 

potent activities against broad-spectrum of pathogens (Abo-State et al., 2015). 

Along with antioxidant and antimicrobial compounds, cyanobacteria are known to produce 

biotoxic and cytotoxic compounds. To evaluate their presence Artemia salina assay was 

applied as a valid method for biotoxic evaluation (Rajabi et al., 2015). When the AMC 

extracts of 8 isolated cyanobacterial strains were investigated for their toxicity potential it 

was found out that all the strains showed moderate to high cytotoxicity in a dose dependent 

manner. Four out eight isolated cyanobacterial strains namely SI-SM, SI-ST, SI-SK and SI-
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SN showed high biotoxicity with low LC50 values of 72.21, 80.64, 91.05 and 93.99 µg ml-1 

showing lethal effects by causing more than 90% mortality in the newly hatched nauplii 

whereas Oscillatoria sp. SI-SA caused moderate biotoxic effects with LC50 value of 122 µg 

ml-1 causing 52% mortality at highest concentration of 1 mg ml-1. The AMC extracts of 

strains SI-SF, SI-SV and SI-SC also showed moderate cytotoxicity with LC50 value of 

124.1, 129.3 and 135.9 µg ml-1 causing 30, 38.86 and 28.6% mortality respectively at 

highest concentration of 1 mg ml-1 and thus were classified as non-lethal extracts. These 

results are in accordance with the study done by Maruthanayagam et al. (2013) where they 

showed that the organic extracts of Geitlerinema sp. CNP 1019 and Oscillatoria boryana 

showed cytotoxicity with LC50 of 32 and 61 µg ml-1 respectively whereas the extracts of 

Oscillatoria formosa, Oscillatoria laetevirens, Calothrix sp., Oscillatoria sp., Phormidium 

sp. and O. salina showed moderate LC50 values from 167 to 325 µg ml-1.  

The cytotoxicity of 8 isolated cyanobacterial extracts were also evaluated in mammalian 

cellular system by using normal stimulated lymphocytes. Conversely to Artemia salina 

assay, the AMC extracts showed extreme results by giving very low, moderate and very 

high cytotoxicity against stimulated normal human lymphocytes. The highest cytotoxicity 

was shown by strains SI-SN, SI-SM and SI-ST by giving very low IC50 values of 12.73, 

14.19 and 27.47 µg ml-1 respectively. Complete cell growth inhibition was seen with 0% 

cell viability at concentration of 250 µg ml-1 when AMC extracts of SI-SN and SI-SM were 

applied whereas 12.36% cell viability remained in case of SI-ST at highest concentration of 

1 mg ml-1. Strains SI-SF and SI-SK showed moderate cytotoxicity with IC50 values of 

129.7 and 137.1 µg ml-1 with 29.86 and 33.23% cell viability at highest concentration of 1 

mg ml-1 respectively. Conversely, strains SI-SV, SI-SC and SI-SA were proved to have 

very low cytotoxicity towards lymphocytes with high IC50 values of 1004, 1034 and 1211 

µg ml-1 with 40.34, 42.12 and 44.67% cell viability remained at highest concentration of 1 

mg ml-1 respectively. When both toxicity assays were compared, it was observed that AMC 

extracts of SI-SN, SI-SM and SI-ST were more toxic towards mammalian cellular system 

whereas AMC extract of strain SI-SK was more toxic towards crustacean cellular system. 

The extract of SI-SF however showed similar response towards both cellular systems. 

Conversely, the AMC extracts of SI-SV, SI-SC and SI-SA showed considerable toxicity 

only towards crustacean cellular system. Cyanobacterial extracts containing cyanotoxins 

such as MC-LR are proven to cause toxicity in human lymphocytes however the presence 

of other cytotoxic compounds should not be under estimated (Rymuszka and Sieroslawska, 
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2009). Similarly, Bechelli et al. (2011) also showed that Spirulina platensis have inhibitory 

effects on normal hematopoietic cells. Prati et al. (2002) also showed that the extract of 

Planktothrix sp. caused inhibition of proliferating PBMC stimulated in vitro by 

phytohaemagglutinin (PHA). It has been reported that 30% of cyanobacterial extracts cause 

damage to mammalian cells in vitro in one way or another which can be due to potent 

toxins disrupting the cellular metabolism or presence of other compounds exerting 

synergistic effects (Mandal and Rath, 2015a).   

The AMC extracts of cyanobacterial extracts were also investigated for their embryotoxic 

and teratogenic effects in early embryonic development. Chicken embryos of white leghorn 

at HH stage 33 were studied for this investigation. The results showed that 4 strains (SI-SK, 

SI-SN, SI-SM and SI-ST) out of 8 AMC extracts exerted no teratogenic effects in 

developing chicken embryo but showed extreme embryotoxicity in at both low and high 

concentrations with no embryo formation. Similarly, Prati et al. (2002) also showed that 

extract of Planktothrix sp. had no teratogenic potential but caused embryotoxicity with 

LC50 of 2.944 g L-1 wet weight. The embryotoxic effects exerted by these strains included 

production of in ovo black coloration of hydrogen sulphide and complete protein 

coagulation. Egg white proteins are highly nutritious and are rich in essential amino acids. 

Furthermore, due to its extreme sensitivity to environmental contaminants, egg white is a 

good indicator for potential embryotoxic or teratogenic compounds lurking in the food web 

(Akkouche et al., 2012). On the other hand, AMC extracts of strains SI-SA, SI-SV and SI-

SC exterted embryotoxic effects on chicken embryo at higher doses of 250 µg ml-1 with 

higher prevalence of angiogenesis inhibition, stunted growth, hemorrhage and in ovo 

protein coagulation whereas lesser effects were observed at lower concentration of 100 µg 

ml-1. This showed that toxic metabolites in these extracts at lower doses were detoxified by 

glutathione, which is naturally present in egg and considered to give protection to the 

developing embryo against embryotoxic compounds (Hansen and Harris, 2015). 

Conversely, only extracts of strain SI-SF showed marked presence of teratogenic 

substances as it caused 60% deformity in the developing embryo at lower concentration 

whereas 90% deformity was observed when higher dose of the extracts was administered. 

Beak deformity, caudal regression syndrome, limb deformity, heart defects, eye defects, 

cephalic defects, ectopic viscerale, exposed thoracic and abdominal region, abdominal 

omphalocele and hemorrhage were detected in chicken embryos after exposure with the 

extract. Furthermore, severely deformed embryos with multiple defects were only when 
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higher dose of the extract was given. No, data have been found in the accessible literature 

concerning the effects of cyanobacterial extracts on chicken embryos however; these 

results could be compared with teratogenic effects caused by cyanobacterial extracts on 

zebrafish and xenopus embryos. Dvoráková et al. (2002) showed that MC-LR containing 

cyanobacterial blooms extracts at concentration of 0-250 µg L-1 and purified MC-LR at 

concentration of 25 µg L-1 caused embryotoxicity and malformations in Xenopus laevis 

embryos however; they further showed that cyanobacterial extracts without MC-LR also 

caused more than 50% malformed embryos at highest concentration of 300 µg ml-1. These 

results indicated that microcystins were not the only toxic compounds causing 

teratogenicity and embryotoxicity in the extracts. In a recent study, Jonas et al. (2015) 

showed that biomass extracts of Microcystis aeruginosa (Chroococcales), Planktothrix 

agardhii (Oscillatoriales) and Aphanizomenon gracile (Nostocales) at concentration of 0.3 

g dry weight L-1 caused teratogenic effects in zebrafish embryos by showing increase in the 

length of embryonic body. They furthermore showed that the teratogenic effects were 

indeed not caused by the infamous microcystins but by endocrine hormonal activity such as 

those of retinoic acids at or above concentration of 1-1.3 µg all-trans-retinoic acid 

equivalent g dry weight-1. In their earlier study, Jonas et al. (2014) also showed that the 

exudates of cyanobacteria were indeed causing diverse teratogenic effects with tail, spine 

and mouth deformities as well as interference with the growth of zebrafish embryos due to 

production of large amounts of retinoic acids. Wu et al. (2012) also investigated 39 

cyanobacterial species out of which 32 species could produce high amounts of teratogenic 

retinoic acids and 4-oxo-retinoic acid.    

Due to the developing resistance among various tumor cells, an urgent need for new 

anticancer therapeutics has been called for as currently available drugs like Vinca alkaloids 

and taxanes have proven to be failures in chemotherapeutic treatments of cancers. 

Furthermore, cancers with varying pathologies and sub-types have also emerged against 

which there are few to no effective drugs (Dyshlovoy and Honecker, 2015).     Anticancer 

potential of AMC extracts of 8 cyanobacterial isolates were investigated against two breast 

cancer cell-lines namely; MCF-7 and MDA-MB-231. Cyanobacterial extracts showed 

considerable anticancer activities towards MCF-7 cell-line with IC50 values ranged between 

lowest, 12.63 µg ml-1 with Nostoc sp. SI-SN and highest, 137.8 µg ml-1 with Oscillatoria 

sp. SI-SF whereas in case of MDA-MB-231 cell-lines all the extracts showed lower 

anticancer activities as compared with MCF-7 cell-lines except for Nostoc sp. SI-SN which 
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showed higher anticancer towards MDA-MB-231 cell-line. The IC50 values ranged 

between lowest, 9.78 µg ml-1 with Nostoc sp. SI-SN and highest, 186.6 µg ml-1 in 

Oscillatoria sp. SI-SF. When observing the effect of extracts on cell viability, it was 

observed that out of 8 strains 3 strains SI-SN, SI-ST and SI-SA showed high anticancer 

activities with only 2.44, 8.98 and 19.29% cells remained viable respectively at highest 

concentration of 250 µg ml-1 whereas against MDA-MB-231 cell-line these strains showed 

anticancer activities with only 1.52, 14.73 and 26.81% cells remained viable respectively at 

highest concentration of 250 µg ml-1. Costa et al. (2012) showed that Nostoc sp. have 

broad-spectrum activity against several cancer cell-lines. Similarly, Silva-Stenico et al. 

(2013) showed that methanolic extracts of Nostoc sp. CENA67 exerted significant 

antiproliferative activity against 3LL lung cancer cell-line at concentration of 20 µg ml-1. 

Currently no study has been done on anticancer activities of Chroococcidiopsis sp. whereas 

several studies have shown anticancer activities of extracts of Oscillatoria spp. Conversely 

to the current study Nair and Bhimba, 2013 showed that alcoholic extract of Oscillatoria 

boryana had potent anticancer activity against MCF-7 cell-line with IC50 value of 10.45 µg 

ml-1. On the contrary, strains SI-SA, SI-SC and SI-SC have shown little to no cytotoxicity 

towards normal stimulated lymphocytes which lead to presumption that the anticancer 

activity of their extracts might be due to presence of high amount and diverse nature of 

phenolic compounds as investigated in chapter 5. Conversely, extracts of strains SI-SK and 

SI-SF gave very low activity of against MCF-7 cell-line and gave even lower activity 

against MDA-MB-231 cancer cell-line. In general they showed equal reaction in terms of 

cytotoxicity towards Artemia salina, normal lymphocytes and cancer cells showing 

presence of compounds with less preference towards cytotoxicity.      

Due to its potent anticancer activity, the AMC extract of Nostoc sp. SI-SN was further 

investigated to determine whether it was exerting an inhibitory activity towards cancer-

cells or eradicating them completely. So, for that matter clonogenic assay was applied 

which confirmed its anticancer activity by completely eradication of both MCF-7 and 

MDA-MB-231 cell-lines at concentration of 25 µg ml-1 without showing any relapse. In 

order to investigate the active compounds present in the AMC extract of Nostoc sp. SI-SN, 

the extract was subjected to preparative TLC which revealed number compounds with 

polar, mid-polar and non-polar nature. The extracts were applied to both cell-lines and it 

was observed that more compounds were giving activity specifically against MDA-MB-

231 cancer cell-line as compared with MCF-7 cell-line. This interesting property of the 
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extract is extremely noteworthy since MCF-7 and MDA-MB-231 cell-line, although 

derived from invasive ductal breast carcinoma where they are presented with different sub-

types and pathologies. MCF-7 is estrogen receptor positive cell-line that is molecularly 

classified as Luminal-A (ER+/PR+/HER2-), while MDA-MB-231 is a triple-negative (ER-

/PR-/HER2-) and claudin-low cell line without any response to estrogen.  MCF-7 cells are 

reported to be P53 wild-type whereas MDA-MB-231 cells are P53 mutants. MCF-7 have 

molecular signature of epithelial phenotype, while MDA-MB-231 are molecularly 

mesenchymal-like. During chemotherapy MCF-7 type cells usually show good response 

with antiestrogen chemotherapy with good prognosis and high life expectancy whereas 

MDA-MB-231 type cells show more aggressive tumor growth with no response to 

antiestrogen chemotherapy as well as show poor prognosis following progression after 

standard chemotherapy. The effectiveness of AMC extract of Nostoc sp. clearly showed 

high anticancer potential against this type of aggressive cancer. When the bioactive bands 

were investigated it was observed that a reddish-orange band F4, Rf value of 0.81 showed 

very high anticancer activity preferentially towards MDA-MB-231 cell-line as it was 

inactive against MCF-7. This compound showed characteristics of a carotene isomer which 

has been shown to possess potent anticancer activities with very low to no toxicity towards 

normal cells (Tanaka et al., 2012).  

To the best of my knowledge, there are currently no reports of any carotenoid possessing 

powerful anticancer activity from cyanobacteria however previously, Schwartz and Shklar, 

(1985) have shown that β-carotene and other carotenoids present in cyanobacterial extracts 

can stimulate antitumor host response against oral cancer cell line in male Syrian hamsters. 

Similar to this study Baudelet et al. (2013) showed two carotenoids; β-cryptoxanthin and 

zeaxanthin from ethanol extracts of eukaryotic microalgae Cyanophora paradoxa inhibiting 

the growth of the three cancer cell lines melanoma, mammary carcinoma and lung 

adenocarcinoma in vitro, at 100 µg ml-1 Conversely, fraction F12 showed powerful activity 

against both cancer cell-lines. As the current thesis focused on the crude extracts, the 

purification, identification and characterization of this fraction was left for future work.    
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CHAPTER: 07 

MUTAGENIC POTENTIAL OF 

CYANOBACTERIAL EXTRACTS  

A mutation is any change in the normal sequence of the DNA. Mutation can occur as gene 

(point) mutations when only a single base is modified or one or more bases are either 

deleted or inserted (Iengar, 2012). Point mutations are divided into transition and 

transversion mutations. In transition mutations a pyrimidine base (thymine (T) or cytosine 

(C)) substitutes for another pyrimidine base or a purine base (adenine (A) or guanine (G)) 

substitutes for another purine base, whereas, in transversion mutations, a purine base 

substitutes for a pyrimidine base or vice versa (Freese, 1959). Point mutations can result 

in silent, missense or nonsense mutations. Silent mutation result in a new codon that 

codes for the same amino acid or different amino acid with same property as the wild 

type. Missense mutation creates substitutions that result in functionally different amino 

acid leading to alterations or loss of protein function, whereas nonsense mutation, a severe 

type of mutation, results in a stop codon leading to premature termination of protein 

synthesis and in some cases a complete loss of protein function. Furthermore, there is 

another type of point mutation known as frameshift mutation caused by insertions or 

deletions of base pairs that are not divisible by the triplet codons leading to a change in 

the reading frame resulting in a different translation from the original wild type. It also 

alters the first stop codon (UAA, UGA or UAG) leading to a synthesis of an abnormally 

short or long polypeptide chain which is mostly not functional (Hall, 1990; Freese, 1959). 

Different point mutations are illustrated in Figure 7.1. 

There are several in vitro and in vivo test methods developed to observe various types of 

mutagenic effects from exposure to synthetic or natural chemical entities, however the 

most frequently used method is the Ames test or reverse mutation test, devised by Dr. 

Bruce Ames and colleagues in 1973. Ames test is a short-termed bacterial assay that 

involves a mutagen which causes a genetic damage leading to point mutations which also 

screens such chemicals that are not directly mutagenic but metabolized to active forms 

(Ames et al., 1975). There are such chemicals that are not carcinogenic or mutagenic in 

nature but when they are metabolized by humans and lower animals, the cytochrome-

P450 metabolic oxidation system present in the liver and to lesser extent in the kidneys 
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and lungs converts these chemicals into mutagenic forms (Singer and Grunberger, 2012). 

Since bacterial system does not have this metabolic capability, that is why an exogenous 

mammalian metabolic activation system is added in the media (Bartsch et al., 2012). 

Usually a rodent metabolic activation system consisting of S9 microsomal supernatant 

fraction of liver homogenate is used for this purpose which is delivered to the test system 

along with NADP and cofactors, collectively called as S9 mix (Tejs, 2008). 

The test most commonly uses a number of Salmonella typhimurium strains having well 

defined mutations in histidine operon which make these bacteria unable to grow in the 

absence of amino acid histidine. The mutation prevents the translocation of one of the 

nine functional enzymes which makes the cell unable to complete the conversion of 

catabolic intermediate to histidine (Mortelmans and Zeiger, 2000). Thus these mutants 

can only grow if histidine is added in the media. These auxotrophic mutants are called as 

histidine-dependent or His - mutants. These mutants when treated with a mutagen or test 

chemical introduce new mutations at or near the site of these pre-existing mutations in the 

gene which can restore the gene’s function making cells to synthesize histidine (Tejs, 

2008). These newly mutated cells then acquired the ability to grow in the absence of 

histidine, thus redeeming the cells to prototrophy and for that matter the test is often 

referred to as a reversion assay (Mortelmans and Zeiger, 2000). There are several 

different Salmonella strains which include; TA100, TA1535, TA98, TA97, TA97a, 

TA1538, TA1537, TA102 and TA104 that have different mutations in various genes in 

the histidine operon which are carefully engineered so as to make these mutants more 

responsive or sensitive towards various mutagens or chemical substances that act via 

different mechanisms (Kreander, 2006; Mortelmans and Riccio, 2000; Dillon et al., 1998; 

Zeiger et al., 1992; Wilcox et al., 1993). Since some carcinogens and their metabolites are 

too large to penetrate the bacterial cell so a mutation rfa have been introduced in all the 

strains that leads to a defective lipopolysaccharide (LPS) layer thus making the bacteria 

more permeable to bulky chemicals (Hammond et al., 1984). Bacteria are highly capable 

of repairing their DNA that appears to be error-free. These tester strains therefore are 

designed as to delete the gene uvrB that is involve in the error-free excision repair 

pathway rendering the bacteria deficient in repairing their DNA thus increasing their 

sensitivity to mutagens (Crowley et al., 2006; Hanawalt et al., 1979). Some bacteria do 

not possess classical error prone repair due to deficiency in umuD gene activity which in 

these tester strains is overcome by the introduction of plasmid pKM101 making the 

bacteria more sensitive to mutations without an increase in sensitivity to the lethal effects 
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Figure 7.1:   Illustration of different types of point mutations. 
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of the mutagen (Little et al., 1989). Further sensitivity is given to the strains by the fact 

that the initial mutation responsible for histidine dependence is located at a specific site 

within the gene that is sensitive to the mutagen (Toone et al., 1991). For this purpose a 

special strain TA102 has been introduced with ochre mutation that involves target 

mutations at AT base pair at critical site which allows the detection of mutagens that are 

not detected in other strains having GC base pairs (Hartman et al., 1986). This strain has 

multi-copy plasmid pAQ1 having hisG428 mutation, which is an ochre mutation TAA, in 

the hisG gene which can be reverted by all six possible base-pair changes; both transitions 

and transversions (Levin and Ames, 1986). This mutation is also reverted by mutagens 

that cause oxidative damage thus giving the strain an enhance ability to detect DNA 

cross-linking agents like bleomycin or mitomycin C, however uvrB gene has been 

retained in this strain so as to make the bacterium proficient in DNA repair (Mortelmans 

and Zeiger, 2000). In strains TA1535 and TA100, the hisG46 marker results from the 

substitution of a leucine (GAG/CTC) by a proline (GGG/CCC) which is reverted to the 

wild-type state by mutagens that cause base-pair substitution mutations primarily at one 

of the GC pairs (Varella et al., 2008). The hisD3052 mutation carried by strains TA1538 

and TA98 is a -1 frameshift mutation which affects the reading frame of a nearby 

repetitive –C–G–C–G–C–G–C–G– sequence (DeMarini et al., 1998). Reversion of the 

hisD3052 mutation back to the wild-type state is induced by various frameshift mutagens 

such as 2-nitrofluorene and various aromatic nitroso derivatives of amine carcinogens 

(Mulaudzi et al., 2013). Strain TA1537 which carries the his C3076 mutation appears to 

have a C1 frameshift mutation near the site of a repetitive –C–C–C– sequence and is 

reverted to the wild-type level by frameshift mutagens that are not readily detected by the 

hisD3052 marker, such as 9-aminoacridine (Karadayi et al., 2012). The hisD6610 

mutation in strain TA97 also carries a C1 frameshift mutation (cytosine) resulting in a run 

of 6 cytosines (–C–C–C–C–C–C–) (Mortelmans and Zeiger, 2000). This strain is believed 

to be more sensitive than TA1537 to frameshift mutagens, and, unlike strain TA1537, is 

sensitive to some of the mutagens that revert strains TA1538 and TA98 (Levin et al., 

1982). A summary of the properties of the Salmonella typhimurium mutant strains is 

given in Table 7.1.  

The most widely used method for Ames test is the plate incorporation assay however 

nowadays a more sensitive fluctuation assay has been in use which is same in concept as 

the plate incorporation assay with bacteria being added to the reaction mixture with or 

without S9 mix and a small amount of histidine and biotin which is essential to kick start 
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Table 7.1:   Genetic properties of most commonly used Salmonella typhimurium mutant strains for Ames test (Compiled from 

Gatehouse, 2012; Mortelmans and Zeiger, 2000) 

 

Bacterial 

Strains 

His 

Mutation 

Full Genotypea Plasmids DNA Targets  Reversion Events Representative Positive 

Controls µg/plate 

TA1535 hisG46 Dgal chlD bio uvrB 

rfa (DM) 

No 

Plasmid 

–G–G–G– Base-pair substitution, 

extragenic suppressors 

(Missense mutations) 

Sodium Azide (5)* 

2-Aminoanthracene (1–5)b 

TA100 hisG46 Dgal chlD bio uvrB 

rfa (DM) 

pKM101 –G–G–G– Base-pair substitution 

extragenic suppressors 

(Missense mutations) 

Sodium Azide (5)* 

2-Aminoanthracene (1–5)b 

TA1538 hisD3052 rfa Dgal chlD bio 

uvrB (DM) 

No 

Plasmid 

–C–G–C–G–C–G–C–G– Frameshifts (insertion of 

one nucleotide) 

2-Nitrofluorene (1.5)* 

2-Aminoanthracene (1–5)b 

TA98 hisD3052 rfa Dgal chlD bio 

uvrB (DM) 

pKM101 –C–G–C–G–C–G–C–G– Frameshifts (insertion of 

one nucleotide) 

2-Nitrofluorene (1.5)* 

2-Aminoanthracene (1–5)b 

TA1537 hisC3076 rfa Dgal chlD bio 

uvrB (DM) 

No 

Plasmid 

+1 frameshift (near –C–C–

C– run) 

Frameshifts (deletion of 

one nucleotide) 

9-aminoacridine (50)* 

2-Aminoanthracene (1–5)b 

TA97/ 

TA97a 

hisD6610 his O1242 rfa Dgal 

chlD bio uvrB (DM) 

pKM101 –C–C–C–C–C–C– (+1 

cytosine at run of C’s) 

Frameshifts (deletion of 

one nucleotide) 

9-aminoacridine (50)* 

2-Aminoanthracene (1–5)b 

TA102 hisG428 his D (G)8476 rfa 

galE (WT) 

pKM101, 

pAQ1 

TAA (Ochre) Transitions/transversions, 

small deletions 

(Nonsense mutation) 

Mitomycin C (0.5)* 

2-Aminoanthracene (1–5)b 

TA104 hisG428 his D (G)8476 rfa 

galE (DM) 

No 

Plasmid 

TAA (Ochre) Transitions/transversions, 

small deletions  

(Nonsense mutation) 

Methyl methane sulfonate 

(250)* 

2-Aminoanthracene (1–5)b 
a rfa =Deep rough, galE UDP =galactose 4-epimerase, ChlD= nitrate reductase (resistance to chlorate), bio =biotin, uvrB UV endonuclease component B, D 

deletion of genes following this symbol, pAQ1 a plasmid containing the his G428 gene, pKM101 a plasmid carrying the uvr A and B genes that enhance error-

prone repair, DM= deletion mutation, WT= Wild type. * Without S9 metabolic activation. b with S9 activation. 
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the bacteria to grow and mutate which is indicated by the change in color from purple to 

yellow due to the presence of a pH indicator (Kamber et al., 2009). However, unlike plate 

incorporation assay, this method is carried out in a microplate usually having 96 wells. In 

96-well microplate each well is considered as a single colony and the frequency of 

mutation is counted as number of wells out of 96 which have change color. The plates are 

incubated for five days with mutated (yellow) colonies being counted each day and 

compared to the background rate of reverse mutation using well established statistical 

tables to determine significant differences between background rate of mutations and the 

tested samples. 

Cyanobacteria produce nitrogenous compounds which include cyclic peptides and 

alkaloids which present wide range of biological activities including toxicity to humans 

and other eukaryotic organisms, collectively known as cyanotoxins (Walton et al., 2014). 

Cyanobacterial secondary metabolites have shown to possess various harmful properties 

including, hepatotoxicity and neurotoxicity (Engene et al., 2012). Apart from these acute 

activities, cyanotoxins have also shown mutagenicity and carcinogenicity (Burgos et al., 

2014). The production of biologically active compounds (BAC) can differ greatly among 

various species and strains of cyanobacteria and to this day the exact biological role of 

cyanotoxins are still not fully understood and what makes cyanobacteria to produce these 

extremely toxic entities (Sukenik et al., 2015). A single metabolite can be produced by 

different species or strains whereas a single species or strain can produce more than one 

BAC, furthermore, cyanobacterial cyanotoxin producing and non-producing strains or 

species can be found in the same water body (Pawlik-Skowrońska et al., 2012). The quest 

to find the source of cyanobacterial harmful aspects however should not be limited to 

cyanotoxins since they may not be the only things responsible for cyanobacterial toxicity 

(Selim et al., 2014). Many studies have shown biomass extracts (intracellular content) or 

exudates (extracellular mixture) of various cyanobacterial species and strains cause toxic 

effects on organisms and it has been observed that the effects are often stronger than after 

exposure to pure cyanotoxins, most probably due to synergistic effects with other 

compounds (Sieroslawska, 2013). However, there are very few studies which address the 

carcinogenicity or mutagenicity of intra and extra-cellular extracts of cyanobacteria. Since 

mutagenesis is one of the mechanisms leading to genotoxicity and carcinogenesis, the 

potential mutagenic activity of extracts of new strains should need to be evaluated first.  
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Preliminary toxicity determination of cyanobacterial AMC extracts  

The AMC extracts of cyanobacterial isolates were further evaluated for their mutagenic 

potential since they showed considerable toxicity towards both prokaryotic and eukaryotic 

cells (as described in chapter 6). A preliminary toxic dose range experiment was firstly 

performed to determine an appropriate dose for the mutagenicity assay. The extracts were 

evaporated in vacuum and then weighed to make different dilutions. The AMC extracts 

were redissolved in 10% DMSO and diluted further to 0.2% DMSO in sterile milli-Q 

water gradually. After filter sterilization different dilutions of the extracts were prepared 

and an eight point dose response ranging from 1-1000 µg plate-1 was studied in order to 

determine the maximum dose for mutagenicity without obvious growth inhibition and 

insolubility due to toxicity and precipitation. Four Salmonella typhimurium strains were 

selected for the study which included; TA100, TA97a, TA98 and TA102, however the 

initial screening of the cyanobacterial extracts was tested only against strain TA100 with 

and without metabolic activation, as it is sufficient to get a mutagenic response for initial 

screening with this strain, whereas, the positive controls sodium azide (5 µg plate-1), 2-

nitroflourene (1.5 µg plate-1), 2-aminoacridine (50 µg plate-1) and mitomycin C (0.5 µg 

plate-1) were tested against TA100, TA98, TA97a and TA102 respectively without S9 mix 

as they are direct acting known mutagens. 2-aminoanthracene (5 µg plate-1) was used as a 

known positive control with S9 mix. The experiment was performed as spot agar-overlay 

assay described in details in chapter 2. After 3 to 5 days of incubation, the plates were 

analyzed and the revertant colonies were counted around the cyanobacterial extracts and 

positive controls impregnated discs. The test also included negative control with sterile 

disc impregnated with 0.2% DMSO. The sterility of the media was determined by a 

sterility checked plate without bacterial inoculation or incorporations of test or control 

substance.  

The AMC extracts of all the cyanobacterial strains proved mutagenic with and without 

metabolic activation in a dose dependent manner except for the extracts of Oscillatoria 

sp. SI-SA which showed very week mutagenic activity at only highest dose of 1000 µg 

plate-1 without metabolic activation however, conversely, no significant increase in the 

revertant colonies from that of negative plate were observed with metabolic activation 

(Table 7.2) (Figure 7.2 I and 7.3 D). All the direct acting and indirect acting positive 

controls showed the strongest mutagenic activities (Table 7.2) (Figure 7.2 B, D, F, H and 

Figure 7.3 C). The strongest mutagenic activity from the cyanobacterial extracts was 
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shown by the AMC extract of Oscillatoria sp. SI-SF with and without metabolic 

activation in a dose dependent manner with maximum response observed at 100 µg plate-1 

after which there was an absence of growth due to toxicity (Table 7.2). At this dose 

without metabolic activation a bacterial lawn of revertant colonies was seen around the 

disc with fluorescent yellow pigmentation (Figure 7.2 J) whereas with metabolic 

activation, apart from a yellow lawn around the disc, there was also seen a zone of 

inhibition around which there again was seen a ring of small colonies of revertant bacteria 

(Figure 7.3 E). Oscillatoria sp. SI-SK also showed high mutagenicity with and without 

metabolic activation in dose dependent manner with maximum mutagenic response at 100 

µg plate-1 concentration, with clear formation of bacterial lawn around the disc. 

Furthermore, it was also observed that the mutagenic response increased with metabolic 

activation at this dose (Table 7.2). Leptolyngbya sp. SI-SM, Nostoc sp. SI-SN and 

Chroococcidiopsis thermalis SI-ST with maximum mutagenic activities obtained at very 

low dosage of 5, 5 and 25 µg plate-1 respectively after which growth inhibition was 

observed in all cases due to toxicity (Table 7.2). At these maximum mutagenic doses the 

revertant colonies were seen as lawns around the impregnated discs with very little 

background colonies making the results significant (Figure 7.2 and 7.3). The AMC 

extracts of Leptolyngbya sp. SI-SM and Nostoc sp. SI-SN showed high mutagenic 

activities without metabolic activation whereas with metabolic activation the growth of 

the revertant colonies decreased (Table 7.2) (Figure 7.2 L and P and Figure G and I) . 

Conversely, AMC extracts of Chroococcidiopsis thermalis SI-ST showed increased 

mutagenic activity with metabolic activation. Calothrix sp. SI-SV and Phormidium sp. SI-

SC showed mutagenic activity without metabolic activation in dose dependent manner 

and showed small lawns of reverted bacterial growth only at highest dose of 1000 µg 

plate-1 whereas no mutagenic activities were observed with metabolic activation (Table 

7.2) (Figure 7.2 M and O and Figure 7.3 H and K). The whole test setup was free of 

contamination as there was no growth seen in the sterility plate (Figure 7.3). There was 

also no precipitation seen at all doses. Overall, it was seen that the mutagenic response of 

AMC extracts of strains SI-SF, SI-SK and SI-ST increased when the extracts were 

metabolically activated with S9 mix whereas the mutagenicity of AMC extracts of strains 

SI-SM, SI-SN, SI-SA, SI-SV and SI-SC decreased when the extracts were metabolically 

activated with S9 mix. So for further study the mutagenicity was carried out with only 

final concentration of AMC extracts of Oscillatoria sp. SI-SA with 1000 µg plate-1, 

Oscillatoria sp. SI-SF with 100 µg plate-1, Chroococcidiopsis thermalis SI-ST with 25 µg  
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Table 7.2:   Histidine revertants per plate induced by defined concentrations of 

positive controls against TA100, TA98, TA97a and TA102 and by various 

concentrations of cyanobacterial AMC extracts against TA100.  

 

Test Samples 

 

Dose 

µg plate-1 

TA100 Revertant Colonies 

Without S9 Mix With S9 Mix 

AMC Extracts AMC Extracts 

Negative Controls* 

Strain TA100 

Strain TA98 

Strain TA97a 

Strain TA102 

 

0 

0 

0 

0 

 

23 ± 2 

46 ± 1 

20 ± 2 

145 ± 4 

 

74 ± 4.43 

- 

- 

- 

Positive Controls 

Sodium azide (TA100) 

2-Nitrofluorene (TA98) 

9-Aminoacridine (TA97a) 

Mitomycin C (TA102) 

2-Aminoanthracene  

 

5 

1.5 

50 

0.5 

5 

 

1076 ± 78 

608 ± 7 

1087 ± 82 

398 ± 20 

- 

 

- 

- 

- 

- 

1424 ± 12 

 

 

 

 

Oscillatoria sp. SI-SA 

1 

5 

10 

25 

50 

100 

500 

1000 

75 ± 3 

76 ± 4 

78 ± 2 

78 ± 2 

77 ± 2 

75 ± 4 

74 ± 3 

Lawn ± 0  

24 ± 4 

22 ± 3 

25 ± 2 

21 ± 6 

23 ± 4 

27 ± 5 

29 ± 5 

30 ± 2 

 

 

 

 

Oscillatoria sp. SI-SF 

1 

5 

10 

25 

50 

100 

500 

1000 

35 ± 5 

175 ± 6 

294 ± 8 

363 ± 6 

1258 ± 7 

Lawn ± 0 

TD ± 0 

TD ± 0 

86 ± 12 

347 ± 14 

798 ± 22 

1344 ± 11 

1786 ± 16 

Lawn ± 0 

TD ± 0 

TD ± 0 

 

 

 

 

Chroococcidiopsis thermalis 

SI-ST 

1 

5 

10 

25 

50 

100 

500 

1000 

113 ± 9 

235 ± 14  

876 ± 12 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

132 ± 6 

455 ± 13 

934 ± 14 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

*Negative controls consisted of 0.2% DMSO. TD = toxic dose. The data is represented as mean ± SEM of 

two technical replicates.  
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Table 7.2 Continue………. 

Test Samples Dose 

µg plate-1 

Without S9 Mix With S9 Mix 

AMC Extracts AMC Extracts 

  

 

 

 

Leptolyngbya sp. SI-SM 

1 

5 

10 

25 

50 

100 

500 

1000 

887 ± 12 

1275 ± 15 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

678 ± 17 

985 ± 9 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

 

 

 

 

Calothrix sp. SI-SV 

1 

5 

10 

25 

50 

100 

500 

1000 

74 ± 2 

77 ± 3 

76 ± 3 

79 ± 3 

76 ± 4 

112 ± 4 

198 ± 5 

Lawn ± 0 

22 ± 4 

24 ± 0 

22 ± 3 

24 ± 2 

23 ± 1 

26 ± 1 

24 ± 4 

24 ± 2 

 

 

 

 

Nostoc sp. SI-SN 

1 

5 

10 

25 

50 

100 

500 

1000 

698 ± 10 

1044 ± 14 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

488 ± 17 

756 ± 9 

Lawn ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

TD ± 0 

 

 

 

 

Oscillatoria sp. SI-SK 

1 

5 

10 

25 

50 

100 

500 

1000 

32 ± 2 

54 ± 4 

151 ± 7 

463 ± 15 

687 ± 12 

Lawn ± 0 

TD ± 0 

TD ± 0 

67 ± 3 

278 ± 11  

667 ± 12 

992 ± 14 

1254 ± 22 

Lawn ± 0 

TD ± 0 

TD ± 0 

 

 

 

 

Phormidium sp. SI-SC 

1 

5 

10 

25 

50 

100 

500 

1000 

75 ± 3 

76 ± 2 

78 ± 3 

75 ± 4 

88 ± 3 

95 ± 3 

134 ± 5 

Lawn ± 0 

24 ± 2 

25 ± 1 

23 ± 1 

26 ± 2 

23 ± 4 

28 ± 1 

25 ± 2 

27 ± 3 

TD = toxic dose. The data is represented as mean ± SEM of two technical replicates.  
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Figure 7.2:   Screening of direct mutagenicity of cyanobacterial extracts against Salmonella 

typhimurium TA100 and various direct acting positive controls against Salmonella 

typhimurium TA100, TA98, TA97a and TA102 in spot agar-overlay assay. (A). Negative 

control of TA100 (0.2% DMSO plate-1). (B). Positive control sodium azide (5 µg ml-1). (C). 

Negative control of TA98 (0.2% DMSO plate-1). (D). Positive control 2-Nitrofluorene (1.5 µg ml-

1). (E). Negative control of TA97a (0.2% DMSO plate-1). (F). Positive control 9-aminoacridine 

(50 µg ml-1). (G). Negative control of TA102 (0.2% DMSO plate-1). (H). Positive control 

mitomycin C (0.5 µg ml-1). (I). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (J). Oscillatoria sp. 

SI-SF extract (100 µg ml-1). (K). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (L). 

Leptolyngbya sp. SI-SM extract (10 µg ml-1). (M). Calothrix sp. SI-SV extract (1000 µg ml-1). 

(N). Oscillatoria sp. SI-SK extract (100 µg ml-1). (O). Phormidium sp. SI-SC extract (1000 µg ml-

1).  (P). Nostoc sp. SI-SN extract (10 µg ml-1). 
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Figure 7.3:   Screening of mutagenicity of cyanobacterial extracts with S9 mix against 

Salmonella typhimurium TA100 in spot agar-overlay assay. (A). Sterility check. (B). Negative 

control (0.2% DMSO plate-1). (C). Positive control 2-Aminoanthracene (5 µg ml-1). (D). 

Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract (100 µg ml-1). 

(F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-SM extract 

(10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract (10 µg 

ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract (1000 

µg ml-1).  
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plate-1, Leptolyngbya sp. SI-SM with 10 µg plate-1, Calothrix sp. SI-SV with 1000 µg 

plate-1, Nostoc sp. SI-SN with 10 µg plate-1, Oscillatoria sp. SI-SK with 100 µg plate-1 

and Phormidium sp. SI-SC with 1000 µg plate-1. 

Plate fluctuation Mutagenicity Assay (Muta-ChromoPlateTM) 

The Muta-ChromoPlateTM kit (EBPI, Canada) is based on the principles of the Ames test, 

involving the same engineered Salmonella typhimurium strains. Traditionally, reverse-

mutation assays have been performed using agar plates, known as pour plate, plate 

incorporation or agar-overlay assays however, the kit works as a fluctuation test which is 

an all liquid version of the conventional Ames test originally devised by Luria and 

Delbruck (1943) which was later modified by Hubbard et al. (1984). The test is 

performed in microtiter plates where its growth media apart from other growth factors 

with or without S9 mix contain a pH indicator which turns yellow from purple-blue in 

case of positive revertant colonies due to acid production by the growing bacteria. Each 

well in the microtiter plate is considered as a single colony and the positive (yellow) wells 

are counted and are statistically compared with the number of positive colonies in the 

blank or negative control plate in order to identify significant mutagenicity of the test 

substance by obtaining p.values established by Gilbert, (1980).  

To determine various types of mutagenicity by AMC extracts of cyanobacteria, four 

histidine auxotrophic Salmonella typhimurium strains TA100, TA98, TA97a and Ta102 

were used. TA100 was used to detect base-pair substitution (missense mutation), TA98 

was used to detect frameshift (insertion of one nucleotide) mutations, TA97a was used to 

detect frameshift (deletion of one nucleotide) mutations and TA102 was used to detect 

transition/transversion or DNA cross-linkers (non-sense) mutations. The method was 

applied according to the manufacturer’s protocol (chapter 2). The plates were incubated 

for 5 days at 37ºC after which they were scored visually by counting the yellow or turbid 

wells as positives and purple wells as negatives.  

The cyanobacterial extracts were rated as strong, moderate, weak and non-mutagenic 

according to the significant differences. The mutagenic profiles of the cyanobacterial 

AMC extracts along with their negative, positive and sterility controls with and without 

S9 metabolic activation against four tester strains; TA100, TA98, TA97a and TA102  are 

depicted in Tables 7.3 to 7.6 and their corresponding colored end-point Muta-

ChromoPlateTM profiles are given in Figures 7.5 to 7.12. The strongest mutagenicity was 

shown by AMC extract of Oscillatoria sp. SI-SF against TA100, TA97a and TA102 
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Salmonella tester strains with significant difference (p < 0.001) having the highest 

mutagenic ratio (MR = number of histidine revertants in a test plate divided by the 

number of spontaneous revertants of the negative control) of 13, 11 and 14.66 without S9 

mix (Table 7.3, 7.5 and 7.6) (Figures 7.5, 7.7 and 7.8). It also showed highest MR of 

11.62, 12.86 and 15.66 with S9 activation against TA100, TA97a and TA102 respectively 

as compare with negative control (Table 7.3, 7.5 and 7.6) (Figures 7.9, 7.11 and 7.12). 

Conversely, the AMC extract of Oscillatoria sp. SI-SF was not found to be mutagenic 

against TA98 without S9 mix (Table 7.4) (Figure 7.6) however, it showed significantly (p 

< 0.001) very high mutagenicity when S9 metabolic activation was applied with MR of 

11.75 (Table 7.4) (Figure 7.10). The MR of direct acting positive controls; sodium azide 

was recorded to be 13.71 (Table 7.3), 2-nitroflourene was 19.2 (Table 7.4), 9-

aminoacridine was 16.0 (Table 7.5) and mitomycin-C with 16.0 (Table 7.6) whereas S9 

activation dependent positive control; 2-Aminoanthracene showed MR of 12.0. 

Furthermore, except for Oscillatoria sp. SI-SF, none of the cyanobacterial extracts were 

found to be mutagenic against TA97a. It was also observed that the S9 activation 

increased the mutagenicity of Oscillatoria sp. SI-SF extracts in all the four tester 

Salmonella strains.  

Apart from the extracts of Oscillatoria sp. SI-SF, only two other extracts of strains; 

Chroococcidiopsis thermalis SI-ST and Oscillatoria sp. SI-SK showed very significant (p 

< 0.001) strong mutagenicity against TA100 and TA98 without and with S9 activation. 

The MR of extracts of strains SI-ST and SI-SK against TA100 was recorded to be 4.14 

and 4.84 without S9 activation and 11.62 and 9.62 with S9 activation (Table 7.3) (Figures 

7.5 and 7.9) whereas with TA98, the extracts of strains SI-ST and SI-SK showed MR of 

6.8 and 10.4 without S9 and 5 and 10 with S9 activation (Table 7.4) (Figures 7.6 and 

7.10). Against TA102 however, the extracts of strain SI-ST showed significant mutagenic 

activity only with S9 activation giving MR of 6.33 (Table 7.8) (Figure 7.12) whereas, SI-

SK extracts showed significantly (p < 0.0001) strong mutagenic activity against TA102 

without and with S9 activation with MR of 4.83 and 10.83 respectively as compared with 

negative control (Table 7.6) (Figure 7.8 and 7.12). Overall, the extracts of SI-ST and SI-

SK showed increased mutagenicity with S9 mix showing activation of pro-mutagens in 

the extracts.  

The extracts of Leptolyngbya sp. SI-SM, Nostoc sp. SI-SN, Calothrix sp. SI-SV and 

Phormidium sp. SI-SC showed significant mutagenicity only against TA100 showing MR 

of 9.42, 8.28, 3.57 and 3.42 without S9 activation whereas with S9 activation they showed 
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MR of 4.88, 3.75, 1.63 and 1.88 respectively as compared with negative control (Table 

7.3) (Figures 7.5 and 7.9). The results showed that they exert cytotoxic response in the 

presence of S9 mix.  

Conversely, the extracts of Oscillatoria sp. SI-SA did not show any significant mutagenic 

response against all the four Salmonella tester strains with and without metabolic 

activation. It showed the lowest MR of 1.42 and 1.87 without and with S9 mix 

respectively against TA100 as compared with negative control (Table 7.3) (Figures 7.5 

and 7.9). In case of TA98 it also showed the lowest MR of 1.4 and 1.87 without and with 

S9 mix respectively (Table 7.4) (Figure 7.6 and 7.10). With TA97a, it showed lowest MR 

of 1.3 and 1.14 without and with S9 activation respectively (Table 7.5) (Figures 7.7 and 

7.11) and lowest MR of 1.16 and 1.5 without and with S9 activation respectively against 

TA102 (Table 7.6) (Figure 7.8 and 7.12).  

The result of Salmonella reverse mutation assay showed that out of eight isolated 

cyanobacterial strains seven strains; SI-SF, SI-ST, SI-SM, SI-SN, SI-SV, SI-SK and SI-

SC showed direct acting mutagenic compounds in their extracts which can work via base-

pair substitutions. Moreover the highly mutagenic strain among the eight cyanobacterial 

strains was proved to be SI-SF as it showed significantly high mutagenicity in all four 

Salmonella tester strains followed Oscillatoria sp. SI-SK and Chroococcidiopsis 

thermalis SI-ST which also showed mutagenicity against three out of four strains with 

and without S9 mix. Conversely, the extract of Oscillatoria sp. SI-SA was classified as 

non-mutagenic as it did not show any mutagenicity against all the four Salmonella tester 

strains. 

Discussion 

Cyanobacteria are infamously known for their dominance of eutrophicated water bodies 

worldwide. To this day it is not fully known how and what makes cyanobacteria so 

successful in inhabiting various ecological niches, however very strong clues point 

towards their nitrogen fixing ability, their superior photosynthetic ability as compared 

with plants due to the presence of photopigments and their adaptability to have buoyancy 

in water columns (Paerl et al., 2014; Oliver et al., 2012). However, the most intriguing 

fact about cyanobacteria is their ability to produce very unusual and extremely potent 

metabolites produced from both their primary and secondary metabolism (Dittman et al., 

2015). These metabolites are the products of their long evolutionary history and include 

both beneficial and harmful compounds which also include some of the most deadliest 
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Table 7.3:   Ames Salmonella typhimurium fluctuation assay of cyanobacterial AMC extracts against TA100. Number of treatment 

positives leading to clear significance: 96 wells. 

 

Plate Dose 

µg plate-1 

No. of Positive Wells Mutagenic 

potential - S9 MR p. value + S9 MR p. value 

Blank 0 0 0 0 0 0 NA NA 

Background 0.2% DMSO 7 NA NA 8 NA NA NA 

Positive Controls 

Sodium azide (-S9) 

2-Aminoanthracene (+S9) 

 

5 

5 

 

96 

NA 

 

13.72 

NA 

 

< 0.001 

NA 

 

NA 

96 

 

NA 

12.0 

 

NA 

< 0.001 

 

+++ 

+++ 

Oscillatoria sp. SI-SA 1000 15 2.14  0.05 10 1.25 > 0.05 ‒ 

Oscillatoria sp. SI-SF 100 91 13.0 < 0.001 93 11.62 < 0.001 +++ 

Chroococcidiopsis thermalis SI-ST 25 34 4.85 < 0.001 65 8.13 < 0.001 +++ 

Leptolyngbya sp. SI-SM 10 66 9.42 < 0.001 39 4.88 < 0.001 +++ 

Calothrix sp. SI-SV 1000 25 3.57 < 0.001 13 1.63 > 0.05 ++ 

Nostoc sp. SI-SN 10 59 8.42 < 0.001 30 3.75 < 0.001 +++ 

Oscillatoria sp. SI-SK 100 46 4.85 < 0.001 80 10 < 0.001 +++ 

Phormidium sp. SI-SC 1000 24 3.42 < 0.001 15 1.88 0.05 + 

MR= Mutagenicity ratio. +++ Strong mutagen, ++ Moderate mutagen, + Weak mutagen, ‒ Not mutagen, NA; not applicable. The fluctuation test 

is according to the p. values obtained by Gilbert, R.I. 1980. 
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Table 7.4:   Ames Salmonella Plate fluctuation assay of cyanobacterial AMC extracts against TA98. Number of treatment 

positives leading to clear significance: 96 wells. 

 

Plate Dose 

µg plate-1 

No. of Positive Wells Mutagenic 

potential - S9 MR p. value + S9 MR p. value 

Blank 0 0 0 0 0 0 NA NA 

Background 0.2% 

DMSO 

8 NA NA 5 NA NA NA 

Positive Controls 

2-Nitrofluorene (-S9) 

2-Aminoanthracene (+S9) 

 

1.5 

5 

 

96 

NA 

 

12.0 

NA 

 

< 0.001 

NA 

 

NA 

96 

 

NA 

19.2 

 

NA 

< 0.001 

 

+++ 

+++ 

Oscillatoria sp. SI-SA 1000 15 1.87 > 0.05 7 1.4 > 0.05 ‒ 

Oscillatoria sp. SI-SF 100 10 1.25 > 0.05  94 18.8 < 0.001 +++* 

Chroococcidiopsis thermalis SI-ST 25 34 4.25 < 0.001 40 8.0 < 0.001 +++ 

Leptolyngbya sp. SI-SM 10 11 1.37 > 0.05 6 1.2 > 0.05 _ 

Calothrix sp. SI-SV 1000 10 1.25 > 0.05 6 1.2 > 0.05 _ 

Nostoc sp. SI-SN 10 12 1.5 > 0.05 8 1.6 > 0.05 _ 

Oscillatoria sp. SI-SK 100 52 6.5 < 0.001 77 15.4 < 0.001 +++ 

Phormidium sp. SI-SC 1000 11 1.38 > 0.05 8 1.6 > 0.05 _ 

MR; Mutagenicity ratio. +++ Strong mutagen, ++ Moderate mutagen, + Weak mutagen, ‒ Not mutagen, NA; not applicable. * Mutagen only with 

S9 mix. The fluctuation test is according to the p. values obtained by Gilbert, R.I. 1980.  
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Table 7.5:   Ames Salmonella Plate fluctuation assay of cyanobacterial AMC extracts against TA97a. Number of treatment 

positives leading to clear significance: 96 wells. 

 

Plate Dose 

µg plate-1 

No. of Positive Wells Mutagenic 

potential - S9 MR p. value + S9 MR p. value 

Blank 0 0 0 NA 0 0 0 NA 

Background 0.2% 

DMSO 

7 - NA 6 - NA NA 

Positive Control 

9-Aminoacridine (-S9) 

2-Aminoanthracene (+S9) 

 

50 

5 

 

96 

- 

 

13.71 

- 

 

< 0.001 

- 

 

- 

96 

 

- 

16.0 

 

- 

< 0.001 

 

+++ 

+++ 

Oscillatoria sp. SI-SA 1000 8 1.14 > 0.05 8 1.33 > 0.05 ‒ 

Oscillatoria sp. SI-SF 100 66 9.42 < 0.001 90 15.0 < 0.001 +++ 

Chroococcidiopsis thermalis SI-ST 25 10 1.42 > 0.05 11 1.83 > 0.05 ‒ 

Leptolyngbya sp. SI-SM 10 11 1.57 > 0.05 7 1.16 > 0.05 ‒ 

Calothrix sp. SI-SV 1000 12 1.71 > 0.05 9 1.50 > 0.05 ‒ 

Nostoc sp. SI-SN 10 10 1.42 > 0.05 9 1.50 > 0.05 ‒ 

Oscillatoria sp. SI-SK 100 8 1.14 > 0.05 12 2.00 > 0.05 ‒ 

Phormidium sp. SI-SC 1000 10 1.42 > 0.05 8 1.33 > 0.05 ‒ 

MR= Mutagenicity ratio. +++ Strong mutagen, ++ Moderate mutagen, + Weak mutagen, ‒ Not mutagen, NA; not applicable. The fluctuation test 

is according to the p. values obtained by Gilbert, R.I. 1980. 
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Table 7.6:   Ames Salmonella Plate fluctuation assay of cyanobacterial AMC extracts against TA102. Number of treatment 

positives leading to clear significance: 96 wells. 

 

Plate Dose 

µg plate-1 

No. of Positive Wells Mutagenic 

potential - S9 MR p. value + S9 MR p. value 

Blank 0 0 0 NA 0 0 0 NA 

Background 0.2% 

DMSO 

6 - NA 6 - NA NA 

Positive Control 

Mitomycin C (-S9) 

2-Aminoanthracene (+S9) 

 

0.5 

5 

 

96 

- 

 

16.0 

- 

 

< 0.001 

- 

 

- 

96 

 

- 

16.0 

 

- 

< 0.001 

 

+++ 

+++ 

Oscillatoria sp. SI-SA 1000 9 1.5 > 0.05 7 1.16 > 0.05 ‒ 

Oscillatoria sp. SI-SF 100 88 14.66 < 0.001 94 15.66 < 0.001 +++ 

Chroococcidiopsis thermalis SI-ST 25 10 1.66 > 0.05 38 6.33 < 0.001 +++* 

Leptolyngbya sp. SI-SM 10 11 1.83 > 0.05 8 1.33 > 0.05 ‒ 

Calothrix sp. SI-SV 1000 10 1.66 > 0.05 7 1.16 > 0.05 ‒ 

Nostoc sp. SI-SN 10 10 1.66 > 0.05 7 1.16 > 0.05 ‒ 

Oscillatoria sp. SI-SK 100 29 4.83 < 0.001 65 10.83 < 0.001 +++ 

Phormidium sp. SI-SC 1000 9 1.5 > 0.05 7 1.16 > 0.05 ‒ 

MR= Mutagenicity ratio. +++ Strong mutagen, ++ Moderate mutagen, + Weak mutagen, ‒ Not mutagen, NA; not applicable. * Mutagen only with 

S9 mix. The fluctuation test is according to the p. values obtained by Gilbert, R.I. 1980. 
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A   B  C   D  

E   F  G   H      

I   J   K    

Figure 7.4:   Direct acting mutagenicity of cyanobacterial AMC extracts against Salmonella 

typhimurium TA100. (A). Negative control. (B). Positive control Sodium azide (5 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).   

 

 

 

 

A  B   C  D   

E   F   G  H   

I  J  K   

Figure 7.5:   Direct acting mutagenicity of cyanobacterial AMC extracts against Salmonella 

typhimurium TA98 (A). Negative control. (B). Positive control 2-Nitrofluorene (1.5 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).  
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A  B   C  D             

E  F  G   H                  

I  J   K  

 

Figure 7.6:   Direct acting mutagenicity of cyanobacterial AMC extracts against Salmonella 

typhimurium TA97a. (A). Negative control. (B). Positive control 9-aminoacridine (50 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).  

 

 

 

A   B   C   D             

 E   F   G   H          

I   J   K   

 

Figure 7.7:  Direct acting mutagenicity of cyanobacterial AMC extracts against Salmonella 

typhimurium TA102. (A). Negative control. (B). Positive control Mitomycin C (0.5 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).  
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Figure 7.8:   Mutagenicity of cyanobacterial AMC extracts with S9 activation against Salmonella 

typhimurium TA100. (A). Negative control. (B). Positive control 2-Aminoanthracene (5 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).  
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Figure 7.9:   Mutagenicity of cyanobacterial AMC extracts with S9 activation against Salmonella 

typhimurium TA98. (A). Negative control. (B). Positive control 2-Aminoanthracene (5 µg ml-1). (C). 

Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. SI-SF extract 

(100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). Leptolyngbya sp. SI-

SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). Nostoc sp. SI-SN extract 

(10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). Phormidium sp. SI-SC extract 

(1000 µg ml-1).  
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Figure 7.10:   Mutagenicity of cyanobacterial AMC extracts with S9 activation against 

Salmonella typhimurium TA97a. (A). Negative control. (B). Positive control 2-Aminoanthracene (5 

µg ml-1). (C). Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. 

SI-SF extract (100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). 

Leptolyngbya sp. SI-SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). 

Nostoc sp. SI-SN extract (10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). 

Phormidium sp. SI-SC extract (1000 µg ml-1).  
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Figure 7.11:   Mutagenicity of cyanobacterial AMC extracts with S9 activation against 

Salmonella typhimurium TA102. (A). Negative control. (B). Positive control 2-Aminoanthracene (5 

µg ml-1). (C). Sterility check. (D). Oscillatoria sp. SI-SA extract (1000 µg ml-1). (E). Oscillatoria sp. 

SI-SF extract (100 µg ml-1). (F). Chroococcidiopsis thermalis SI-ST extract (25 µg ml-1). (G). 

Leptolyngbya sp. SI-SM extract (10 µg ml-1). (H). Calothrix sp. SI-SV extract (1000 µg ml-1). (I). 

Nostoc sp. SI-SN extract (10 µg ml-1). (J). Oscillatoria sp. SI-SK extract (100 µg ml-1). (K). 

Phormidium sp. SI-SC extract (1000 µg ml-1).  
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toxins which cause harmful effects in the intoxicated aquatic and terrestrial organisms (Otten 

and Paerl, 2015). Except for well described negative outcomes of intoxication with 

cyanotoxins, such as hepatotoxicity or neurotoxicity (Freitas et al., 2014), there is an 

increasing number of reports indicating other possible effects of the toxins, of not fully 

understood mechanisms, such as immunotoxicity, genotoxicity and mutagenicity (Li et al., 

2015; Sieroslawska, 2013) and existing results in this area of study are ambiguous as well as 

scarce. While the induction of point mutations by microcystin-LR (MC-LR) producing 

cyanobacterial extracts in several studies have been reported (Huang et al., 2007; Zhan et al., 

2006; Ding et al., 1999), there was a very low to no correlation between pure MC-LR 

cyanotoxin and positive results in bacterial tests (Zegura et al., 2011a; Ding et al., 1999). 

Because of some doubts concerning the data obtained so far, the IARC Working Group 

concluded, that there is no evidence of the mutagenic properties of pure microcystins (IARC, 

2010). Apart from the identified cyanotoxins (microcystins and cylindrospermopsin and 

some others) belonging to the most intensively studied cyanobacterial metabolites because of 

their toxicity and human health risks, recently, it has been shown that unknown metabolites 

from cyanobacterial extracts also cause similar or stronger toxic effects (Nováková et al., 

2012; Jaiswal et al., 2008) however the data is not sufficient to include various genera of 

cyanobacteria. So in the current study, eight isolated indigenous cyanobacterial strains were 

studied for their potential mutagenicity and their underlying mechanism with the help of 

bacterial test system.  

The mutagenic potential of 8 isolated cyanobacterial extracts was tested firstly with 

conventional spot agar-overlay assay for preliminary screening of the mutagenic potential of 

the extracts and their toxic dosage as this procedure is less expensive. To study the 

mutagenicity of the extracts and their underlying mechanisms, four Salmonella typhimurium 

histidine mutant strains were used that included; TA100, TA98, TA97a and TA102 which 

detect base-pair substitution (missense mutation), frameshift (insertion of one nucleotide) 

mutations, frameshift (deletion of one nucleotide) mutations and transition/transvertion or 

DNA cross-linking (nonsense) mutations with and without S9 microsomal enzyme activation 

respectively (Tejs, 2008). These strains were selected according to the battery approach 

which employs a fixed set of tester strains for testing a chemical in the presence and absence 

of a metabolic activation system (Mortelmans and Zeiger, 2000). For general mutagenicity 
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testing it is recommended that strains TA97, TA98, TA100 and TA102 be used, however 

some laboratories use strain TA1535 instead of strain TA102 when a tier approach is used in 

the selection of tester strains, as in the tier approach, strains TA1538 and TA1535 are used 

when equivocal results are obtained with their respective pKM101-carrying strains; TA98 

and TA100 (Zeiger et al., 1992). Strain TA1537 can detect mutagens not detected by strain 

TA97 (Levin et al., 1982). Strain TA104, though in some laboratories tested in parallel with 

TA102, is recommended when negative results are obtained in strain TA102 especially if it is 

suspected that a chemical may cause oxidative DNA damage (Mortelmans and Zeiger, 2000). 

Furthermore, it is also important to add S9 microsomal fractions for metabolic activation 

since some chemical substances require metabolic activation in order to become mutagenic. 

The metabolic enzymes of bacteria used in the Ames test differ substantially from those in 

mammals, therefore to mimic the metabolism of test substance that would occur in mammals, 

the S9 fraction is often added to the Ames test (Gatehouse, 2012). However, for preliminary 

testing toxicity and maximum mutagenic dose, TA100 strain with and without metabolic 

activation is sufficient. 

The preliminary screening with TA100 strain was performed with conventional spot agar-

overlay assay. When the AMC extracts of the isolated cyanobacterial strains were used all the 

cyanobacterial strains showed mutagenic response in a dose dependent manner with 

maximum mutagenicity at higher concentrations which reached up to 1000 µg plate-1 in case 

of weak mutagenic strains SI-SA, SI-SV and SI-SC, whereas, only the extracts of strains 

Leptolyngbya sp. SI-SM and Nostoc sp. SI-SN showed mutagenicity at a very low 

concentration of 10 µg plate-1 (Table 7.2). All the strains showed positive base-substitution 

missense point mutation in the presence and absence of S9 activation except strain SI-SA 

which did not show any significant mutagenicity. Furthermore, it was observed that the 

mutagenic activity of the AMC extracts decreased in the presence of S9 mix except strains 

SI-SF, SI-ST and SI-SK which showed enhanced mutagenicity in the presence of S9 mix.  

For further evaluation of mutagenicity of cyanobacterial strains, AMC extracts were tested 

with a commercially available kit (Muta-ChromoplateTM EBPI, Canada) based on fluctuation 

assay which is a modified version of Ames Salmonella test. This test was used for the 

detection of mutagenic activity against all four Salmonella histidine mutant strains, with and 

without metabolic activation. The fluctuation assay has some advantages over the 



Mutagenic Potential of Extracts of Cyanobacterial Isolates Chapter 07 
 

270 
 

conventional plate incorporation and agar-overlay assays (Jomini et al., 2012). It is more 

sensitive than the plate-incorporation assay in the testing of aqueous samples for low levels 

of mutagens since up to 75% of the medium may be replaced with the aqueous sample under 

the test. It is more sensitive than the plate-incorporation assay, since the mutagenic reversion 

to prototrophy of just one auxotrophic bacterium in a tube produces a scorable positive result. 

In the plate-incorporation assay, the test agent can diffuse into the bottom-agar away from the 

bacteria held in the top-agar. The bacteria may, therefore, be exposed to a concentration of 

the test agent which varies over time, in contrast to the fluctuation test, where the 

concentration remains constant during the auxotrophic growth phase. This is an advantage 

when dealing with compounds which are mutagenic only at concentrations which are toxic or 

near-toxic, where the received dose may be critical. Soluble components of the metabolizing 

system may also diffuse into the bottom-agar in pour-plate assays, which may affect the 

detection of certain compounds. In the fluctuation test however, such an effect cannot occur 

since the assay is conducted in a single liquid phase.  

The results of the fluctuation assay confirmed the results and reproducibility of the spot agar-

overlay assay. All the cyanobacterial strains showed significant base-pair substitution 

(missense) mutations against TA100 with and without S9 activation (Table 7.3) except for 

the extracts of Oscillatoria sp. SI-SA which did not show any significant mutagenic activity 

and was considered a non-mutagen. Frameshift insertion point mutations against TA98 was 

only shown by strains SI-SF, SI-SK and SI-ST where strain SI-SF was only mutagenic with 

S9 activation whereas strains SI-SK and SI-ST showed this point mutation with and without 

metabolic activation (Table 7.4). None of the strains showed frameshift deletion point 

mutation except strain SI-SF with and without S9 activation against TA97a (Table 7.5). The 

DNA cross-linking nonsense mutations were only shown by strains SI-SF and SI-SK with 

and without S9 activation, however strain SI-ST only showed this mutation when 

metabolically activated by S9 mix. Overall, among the AMC extracts of 8 cyanobacterial 

strains, the most mutagenic extract was proven to be of Oscillatoria sp. SI-SF which has the 

ability to induce base-substitution (missense), frameshift (insertion) only with S9 mix, 

frameshift (deletion) and transversion/transition (nonsense) mutations with and without 

metabolic activation. Both spot agar-overlay and fluctuation assay gave similar significant 

results showing the reproducibility and authenticity of the mutagenicity of the extracts. 
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Furthermore, the extracts of all the strains showed decreased mutagenicity with S9 activation 

except strains SI-SF, SI-SK and SI-ST which showed higher mutagenic percentage with 

metabolic activation. The current findings are comparable to the study done by Huang et al. 

(2007) where they also showed higher mutagenic activities of all three extracellular organic 

extracts of cyanobacterial genera; Microcystis, Oscillatoria and Anabaena against TA100 

with and without metabolic activation as compared to TA98. Furthermore, similar to the 

current study, the mutagenicity of their extracts decreased when metabolic activation was 

applied. Sieroslawska, (2013) in recent study, monitored the mutagenic activity of three pure 

commercially available cyanotoxins; microcystin (MC-LR), cylindrospermopsin (CYN) and 

anatoxin-A (Antx-a) and their mixture, only to find no mutagenic activity or cytotoxic 

activity towards S. typhimurium TA98, TA100, TA1535, TA1537, Escherichia coli WP2 

uvrA and WP2 (pKM101) with and without S9 activation in a wide range of concentrations 

up to 10 mg ml-1 however, cyanotoxin-containing crude extracts were found to be mutagenic 

towards TA100 which increased after exposure to S9 mix. This clearly shows that pure 

cyanotoxins are not themselves mutagenic but due to synergistic effects with various 

compounds in the crude extracts become mutagenic. On the contrary, there could also be 

some other unknown metabolites in the crude extracts which might be responsible for the 

mutagenic activities of the extracts. There are few to no study done on the mutagenic 

potential of extracts of cyanobacteria and thus this study is one of the few of them. 
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CHAPTER: 08 

PURIFICATION AND CHARACTERIZATION OF 

C-PHYCOCYANIN AND C-PHYCOERYTHRIN. 

Cyanobacteria are prokaryotes that can perform oxygenic photosynthesis like that of 

eukaryotic higher plants and possess both photosystems (PS) I and PS II (Chilpala et al., 

2011). However, unlike higher plants, cyanobacteria, eukaryotic algae and cryptophytes 

also possess phycobilisomes (PBS) which are light-harvesting antennae structures 

located on top of PS II (Murthy et al., 2012). PBSs are supramolecular protein 

complexes, up to 600 polypeptides, with highly organized structures anchored to 

thylakoid membrane on stroma side surface (Lea-Smith et al., 2014). PBS efficiently 

captures light energy and transfer it to inner chlorophyll antenna, CP43 and CP47, 

containing chlorophyll and carotenoid and ultimately to the PS II complex (Sinha et al., 

2011), however under specific conditions they can also supply energy to PS I when PBSs 

attach to PS I by moving on thylakoid membranes (Ayyaraju et al., 2012). The PBSs are 

composed of brilliantly beautiful chromophorylated proteins called phycobiliproteins 

(PBP) and their non-pigmented linker polypeptides. Their beautiful fluorescent colors 

were well admired in early investigations when Sorby (1877) stated “It would be difficult 

to find another series of coloring matters of greater beauty or with such remarkable and 

instructive chemical and physical peculiarities”. Phycobiliproteins are accessory, 

pigmented, light harvesting proteins which can capture light energy in the wavelengths 

of 480-650 nm which chlorophyll-a cannot absorb, thus making photosynthetic process 

more efficient (Scholes et al., 2012). Phycobiliproteins are abundant in cyanobacteria to 

the extent that they make up to 40-60% of total cyanobacterial proteins (Simeunović et 

al., 2013; Soni et al., 2008; Benedetti et al., 2006). PBPs also act as intracellular nitrogen 

reserves in cyanobacteria. Under nitrogen starvation, the cells of non-nitrogen fixing 

species specifically trigger ordered proteolytic degradation of PBPs in a process known 

as chlorosis or bleaching, leading to extraction of amino acid for protein synthesis 

without leading to cell death (Klotz et al., 2015).   

Structure and Properties of PBSs and PBPs 

PBSs can be found as ellipsoidal, hemidiscoidal or bundles of rod shaped elements, 

however they most commonly occur in hemidiscoidal shape in cyanobacteria and is 
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generally composed of APC trimeric discs as central core that run parallel to each other 

from which 6-8 radiating rods of hexameric CPC discs (Stadnichuk et al., 2015). CPE if 

present is always allocated on top of CPC rods (Figure 8.1). In PBS, the light energy is 

controlled as a relay system in which it is first absorbed by CPE where from, it is 

transferred to CPC and then to APC which finally sends energy to chlorophyll-a in the 

PS II reaction center (Singh et al., 2015a). Phycobiliproteins in each PBS are highly 

water soluble proteins which composed of different equimolar polypeptides of α and β 

subunits where α subunit has molecular weight ranging between 10-19 kDa and β 

subunit between 14-21 kDa (Tian et al., 2015). The monomers of these subunits are 

either present as trimers (αβ)3 or hexamers (αβ)6 (Figure 8.2) and each subunit (αβ) has 

one-three covalently attached phycobilins chromophores that give the PBPs their unique 

spectral properties (Gao et al., 2012).  

Phycobilins are chromophores which are composed of isomeric open-chain linear 

tetrapyrrole prosthetic groups covalently attached to the cysteine amino acid of the apo-

protein moiety by thio-ether linkages (Cohen, 2014). The α- and β-subunits of 

cyanobacterial PBPs each carry one or up to three chromophores which are 

biosynthesized from 5-aminolae-vulinic acid (Stadnichuk et al., 2015). The colorless 

linker polypeptides drive the assembly of PBSs and regulate the spectroscopic properties 

of each PBPs by interacting with the bilins near central core of the trimers (Overkamp 

and Frankenberg-Dinkel, 2014). There are four phycobilin chromophores known, out of 

which two; blue-colored phycocyanobilin (PCB; λmax 660 nm) and red-colored 

phycoerythrobilin (PEB; λmax 555 nm) are common. Whereas, two bilin pigments; the 

yellow colored phycourobilin (PUB; λmax 495 nm) and purple-colored Phycoviolobilin 

(PVB; λmax 590 nm, also known as cryptoviolin) chromophores have also been identified 

in cyanobacteria; however, they are mostly present in marine species where blue light 

prevails (Rastogi et al., 2015). Phycoerythrin-containing cyanobacteria from freshwater 

typically contain only PEB chromophore while some of the Synechococcus species have 

a major proportion of PUB chromophores, previously known to be a component of the 

phycoerythrins of the eukaryotic red algae (Everroad and Wood, 2012). In these 

Synechococcus species the light energy absorbed by PUB is transferred to reaction 

centers via PEB (Watanabe and Ikeuchi, 2013). PBPs differ in the nature, quantity and 

site of attachment of their chromophoric groups. The attachment of the phycobilins can 

occur via a single or double thioether linkage at the A-ring of the bilin or at the A- and 

D-ring, respectively (Figure 8.3) (Zhao et al., 2007). APC usually carries one PCB at  
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Figure 8.1:   Hemidiscoidal structure of Phycobilisome. On the outer membrane of PSII 

contain the fan-shaped PBS. Each PBS consists of central core of Allophycocyanin (APC) and 

the radiating rods of Phycocyanin (CPC) and in some cyanobacterial species the rods also 

contain the phycoerythrin (CPE). The light energy shown in red arrow is firstly absorbed by 

CPE, transfers to CPC and then to APC which finally transfers it to chlorophyll of PSII. Adapted 

from Bryant et al., (1979). 
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A.  
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D.             E.  
 

 

 

Figure 8.2:   A. General Scheme of the oligomerization states of Phycobiliproteins (Adapted 

from Martinez-Oyanedel et al., 2004). PBPs can form αβ heterodimers (monomers). The 

monomers can oligomerize to (αβ)3 trimeric structures and (αβ)6 hexameric structures. B). 

Ribbon representation of αβ monomer of CPC from Thermosynechococcus elongatus BP-1 with 

chromophores as blue sticks (1 copy each of α and β chain, 3 copies of PCB) (PDBe- 4z8k, 

Conrad et al., 2015). C). A trimer of CPC from same Thermosynechococcus elongatus BP-1 (3 

copies each of α and β chains, 9 copies of PCB. D). Hexameric ribbon structure of CPC from 

Synechococcus elongates with chromophores as blue sticks (PDBe- 1jbo, Nield et al., 2003) (6 

copies each of CPC α and β subunits, 18 copies of PCB). E). Hexameric ribbon structure of 

phycoerythrobilin containing CPE from Phormidium rubidum A09DM (PDBe-5aqd, Kumar et 

al., 2016) with chromophores as blue sticks (6 copies each of α and β subunits, 30 copies of 

PEB) (Compiled from Protein Data Bank in Europe EMBL-EBI). 
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each subunit whereas the chromophore composition of the other PBP strongly varies. 

However, PC typically contains PCB whereas PE usually carries PEB (Tandeau de 

Marsac, 2003). The spectral properties and subunit composition of the individual 

cyanobacterial phycobiliproteins are listed in Table 8.1.  

Types of Phycobiliproteins 

Phycobiliproteins are classified into four types on the basis of their spectral properties 

and chromophores which include C-Phycocyanin (CPC; λmax = 610-620 nm, Dark Blue), 

Allosteric Phycocyanin (APC; λmax = 650-660 nm, Blue-green), C-Phycoerythrin (CPE; 

λmax =562 nm, Pink) and Phycoerythrocyanin (PEC; λmax = 560-600 nm, Purple) (Pina et 

al., 2014). The focus of the current study will be on CPC and CPE only. 

C-Phycocyanin  

CPC is a water-soluble cobalt-blue colored chromo-protein of the light-harvesting family 

in cyanobacteria, red algae and cryptophytes (Sharma et al., 2014). Its blue color is a 

result of covalently linked tetrapyrrole prosthetic group: phycocyanobilin (PCB) (Moon 

et al., 2014). CPC is brilliantly colored and highly fluorescent with absorbance maxima 

between 615 and 620 nm. CPC absorbs red light efficiently and gives intense crimson-

red fluorescence emission at 640 nm (Chakdar and Pabbi, 2012). C-phycocyanin has a 

molecular mass of 140-210 kDa with two unequal number of subunits, α and β having 

unequal molecular weights in the range of 18 and 20 kDa respectively; however the 

number of subunits vary with species  which can be in the form of trimers (αβ)3 or 

hexamers (αβ)6 (Song et al., 2013). The α subunits carry 1 chromophore per chain 

whereas β subunit carry 2 chromophores per chain. The amino acid sequence analysis of 

CPC showed these to be located at Cys α-84, β-84 and β-155 (Singh et al., 2015a). The 

pH dependence of the molecular weight of CPC is very pronounced. CPC is stable at or 

near neutral pH when trimer aggregation of the protein predominates; however, at near 

isoelectric point (~ pH 4.5) around ~pH 5-5.5, CPC forms a hexameric aggregate when 

protein concentration is higher than 1 mg ml-1 with ionic strength above 0.01 (Chen et 

al., 2013). CPC is an extremely valuable natural product due to its beautiful color, non-

toxic nature, functional food value and nutraceutical, pharmaceutical and bio-medical 

applications with annual market of around US$5-10 million (Yaakob et al., 2014; Sekar 

and Chandramohan, 2008). CPC is used as natural dyes for foods such as; candies, 

jellies, ice creams, dairy products and soft drinks, and in cosmetics replacing synthetic  
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Figure 8.3:   Phycobiliprotein chromophoric groups. Phycocyanobilin (PCB) is the precursor 

of protein-bound PCB and PVB, whereas PEB is the precursor of protein-bound PEB and PUB. 

The attachment usually occurs at the A-ring via a thioether bond on a conserved cysteine residue 

to the phycobiliprotein. PEB and PUB can also be bound at two sites in the protein via their A- 

and D-ring (Adapted from Blot et al., 2009; Zhao et al., 2007). 



Purification and Characterization C-Phycocyanin & C-Phycoerythrin Chapter 08 
 

 

278 

Table 8.1:   Spectral properties and polypeptide composition of various phycobiliproteins of cyanobacteria. Adapted from 

Toole and Allnut (2003). 

 

Phycobili- 

proteins 

 

Absorption 

peak/ 

shoulders 

(nm) 

 

Fluorescence 

maxima (nm) 

 

Subunit 

composition  

Phycobilin chromophore type and 

number / subunits 

Chromophore binding 

site on cysteine residue 

from N - terminal 

α β γ 
C-PE I 495, 565 560 (αβ)3  (αβ)6 γ 2 PEB 1-3 PEB 1 PUB α – 75, α – 84, α – 140, 

β – 50/61, β – 84, β – 155 

C-PE II 540, 575 577 (αβ)3  (αβ)6 2 PEB 3-4 PEB - α – 82/84, α – 139/143, 

β – 50/61, β – 84, β – 155 

PEC 568, 590 610 (αβ)3 1 PVB 2 PCB - α – 84, β – 84 (PXB) β – 

155 (PCB) 

C-PC 620 642 (αβ)3  (αβ)6 1 PCB 2 PCB - α– 84, β – 84, β – 155 

R-PC 617, 555 636 (αβ)3 1 PCB 1 PCB, 1 PEB - α – 84, β – 84, β – 155 

APC 650, 620 660 (αβ)3 1 PCB 1 PCB - α – 84, β – 84 

APC-B 671, 618 680 (αβ)2  (αβ) 1 PCB 1 PCB 1 PCB α – 84, β – 84 
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colorings as it is nontoxic and non-carcinogenic (Sala et al., 2014). It is also being used 

for the construction and advancement of phyco-fluor probes for immunodiagnostics 

(Raja et al., 2016) and various other immunological assays as fluorescent labels of cells 

and other macromolecules for cell sorting and also for the detection of multiple myeloma 

cells (Vali et al., 2015). Furthermore, due to its high molar absorptivity at visible 

wavelength, it can be applied to molecular biology techniques such as: gel 

electrophoresis, isoelectric focusing and gel exclusion chromatography (Kuddus et al., 

2013). Most importantly, CPC has shown to have potent antioxidant, radical scavenging, 

anti-inflammatory, hepatoprotective, nephroprotective and neuroprotective activities 

(Kamble et al., 2013) which makes this molecule a potent agent in preventing oxidative 

stress induced diseases like: cardiovascular diseases, diabetes, oxidative stress induced 

urolithiasis (Farooq et al., 2014) and ischemic brain strokes (Min et al., 2015). 

C-Phycoerythrin 

Some cyanobacterial species contain another type of water-soluble pink or orange-red 

chromo-protein called as C-phycoerythrin. There are generally two types of 

phycoerythrins found in cyanobacteria that differ in their spectral properties as well as in 

their chromophores and subunit compositions. Phycoerythrin that contains both 

phycourobilin (PUB) and Phycoerythrobilin (PEB) chromophores is classified as type I 

CPE that has two absorption maxima at 490-500 nm and 540-565 nm due to each 

respective chromophore that gives this protein its orange-red color, whereas; 

phycoerythrin that has only PEB chromophore is classified as type II CPE with single 

absorption maximum at 540-565 nm which gives this type of protein its pink color 

(Scanlan, 2012). Both types of phycoerythrin absorb green light and fluoresce yellow-

orange at 550-580 nm, however; type I CPE also absorbs blue light efficiently (Shukla et 

al., 2012). CPE is an oligomeric protein formed in a (αβ)6 hexamer in an annular 

architecture with two different subunits, α and β having molecular weights of 15 to 21 

kDa (Pan et al., 2013). Each α subunit contains 2 phycoerthrobilin (PEB) chromophores 

which link to Cys82 and Cys139 by a thioester bond (Anwer et al., 2015) whereas, each 

β subunit contains two PEBs linking to Cys82 and Cys158 and one phycourobilin (PUB) 

linking to two cysteines, Cys50 and Cys61 in case of type I CPE (Overkamp et al., 

2014). In buffered solutions CPE protein maintains its hexameric form over a wide pH 

range above its isoelectric point (~ pH 4.2-4.5); however it is most stable at pH 7 (Wang 

et al., 2015). Like CPC, CPE is also is an extremely high-value natural product which 
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costs US$50-3500 mg-1 (Hemlata and Fatima, 2011). In food and cosmetic industries it is 

mainly being used as natural dye and food pigment in the production of ice-creams, 

cakes, candies, jellies and as natural cosmetic as lipsticks, eye-shadows, face powder etc. 

(Spolaore et al., 2006). It has the ability to act as hepatoprotectant, antioxidant and anti-

inflammatory agent, with high potential in protection against neurodegenerative, cardio-

vascular diseases and diabetes (Soni et al., 2009). One study showed its therapeutic 

activity through antioxidation during in vitro digestion (Yabuta et al., 2010). 

Phycoerythrin has also been shown to have antitumor and immunity booster activity 

(Jaini et al., 2014). Apart from its use in food, cosmetic and pharmaceutical industries, it 

is profoundly being used in biomedical applications such as; fluorescent probes in 

various immunological assays, flow cytometry, fluorescent microscopy and as 

photosensitizers in photodynamic therapy and in solar cells (Pandey et al., 2013).  

Isolation, Extraction and Optimized Production of CPC and CPE  

To study CPC and CPE, two cyanobacterial isolated strains Oscillatoria sp. SI-SA and 

Nostoc sp. SI-SN were selected. These strains were selected on the basis that; CPC was 

present in large amounts of 281.58 mg g-1 in Oscillatoria sp. SI-SA (Chapter 5), out of 

all the 8 isolated strains; whereas CPE was only present in Nostoc sp. SI-SN in large 

amounts of 140.8 mg g-1 as a main photosynthetic pigment. The selection of the strains 

for the isolation and purification of CPC and CPE has been discussed in details in 

chapter 5. The focus of this chapter will be the isolation, purification and characterisation 

of only CPC from Oscillatoria sp. SI-SA and only CPE from Nostoc sp. SI-SN.  

For the extraction of CPC and CPE Oscillatoria sp. SI-SA and Nostoc sp. SI-SN were 

grown for 20 days in 150 ml complete BG-11 media having pH 7.6 in 250 ml flasks at 25 

°C under continuous white fluorescent light of 40 µE m-2 s-1. The media for Nostoc sp. 

SI-SN was also supplemented with 100 mM NaCl as previously optimized (as described 

in chapter 3).  The biomass was then harvested by centrifugation at 4ºC and 25,000 xg. 

The extraction of CPC and CPE is greatly influenced by the state of the biomass. So, one 

part was lyophilized, whereas the other part was used as a wet biomass. So, 0.1g 

lyophilized and wet biomasses were weighed for extraction. Pigment recovery can also 

be greatly affected by cell lysis procedures. Varying mechanical disruption procedures 

were investigated which included: cold-sonication for 10 min with 5 breaks, repeated 

freeze-thaw cycles, enzymatic cleavage with lysozyme (100 µg ml-1) and 

homogenization with cell disruptor in ultra-pure sterile water and then left at 4°C in the 
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dark for 24 hours for complete extraction. The estimation of CPC and CPE was 

determined from absorption spectra of the protein samples in a wavelength range of 250-

750 nm. The concentration of CPC and CPE was determined from the following 

equations of Bennett and Bogorad, (1973). 

The comparative study showed that,  in case of CPC, concentration was significantly 

higher in wet biomass with 0.712 mg ml-1 than in lyophilized one with 658 mg ml-1 

whereas in CPE, concentration was significantly higher in lyophilized biomass 0.706 mg 

ml-1 as compared with wet biomass which was 0.647 mg ml-1 when repeated freeze-thaw 

cycles were given followed by enzymatic cleavage which resulted in significant CPC 

concentration of 0.586 mg ml-1 from wet biomass and 0.431 mg ml-1 of CPE from 

lyophilized biomass (Table 8.2). The lowest concentration of 0.348 mg ml-1 was obtained 

by homogenization with cell disruptor in case CPC from wet biomass and 303 mg ml-1 in 

case of CPE from lyophilized biomass. Ultra-Sonication was also less effective in 

extraction of CPC and CPE as shown in Table 8.2. So, further study was done with 

freeze-thaw method by extracting CPC from wet biomass and CPE from lyophilized 

biomass. 

The extraction of CPC and CPE was further investigated by using different extraction 

buffers with varying pH and chemical compositions to obtain maximum yield. The 

buffers were made in Milli-Q water and included:  sodium acetate (50 mM, pH-6.0), 

potassium phosphate (100 mM, pH-7.0), sodium phosphate (100 mM, pH-7.0), Tris-

HCl/EDTA (pH 6.8) and Tris-base/Saline/β-mercaptoethanol/EDTA (pH-7.6). The 

concentrations of CPC and CPE extracted by these buffers and their compositions are 

given in Table 8.3. The highest CPC concentration of 1.133 mg ml-1 and CPE 

concentrations of 0.924 mg ml-1 were obtained when the biomasses were extracted with 

Tris-base/Saline buffer of pH 7.6 followed by sodium phosphate buffer (100mM, pH 7.2)  

with CPC concentration of 0.849 mg ml-1 and CPE concentration of 0.826 mg ml-1. The 

least effective buffer for extraction of CPC and CPE was sodium acetate with pH 6.0 

where it extracted CPC and CPE at concentrations of 0.376 and 0.337 mg ml-1 

respectively. Furthermore, it was also seen that neutral to slightly alkaline pH of 7.6 was 

more efficient than acidic pH of 6.0. 

Culture Optimization for Enhanced Production of CPC and CPE 

Physiological parameters greatly influence the growth of cyanobacteria and production 

of photosynthetic pigments like CPC and CPE. After optimizing the extraction  
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Table 8.2:   Isolation and extraction of CPC and CPE from Wet and Lyophilized 

Biomass under various cell lysis regimes extracted in Milli-Q water. 

Cell Lysis procedures Wet Biomass Lyophilized Biomass 

CPC mg ml-1 CPE mg ml-1 CPC mg ml-1 CPE mg ml-1 

Cold Ultra-Sonication 0.397  ± 0.06 0.214 ± 0.15 0.221 ± 0.14 0.388 ± 0.04 

Freeze/Thaw 0.712 ± 0.05 0.647 ± 0.04 0.658 ± 0.03 0.706 ± 0.03 

Lysozyme  

(100 µg ml-1) 0.586 ± 0.02 0.489 ± 0.06 0.431 ± 0.01 0.523 ± 0.05 

Homogenization with 

cell disruptor 

0.348 ± 0.04 0.205 ± 0.07 0.238 ± 0.03 0.303 ± 0.02 

The data is represented as mean ± SEM of three technical replicates. Significant 

difference was expressed at p-value < 0.05. 

 

 

Table 8.3:   Effect of different buffers on the extraction of total CPC from 

Oscillatoria sp. SI-SA and CPE from Nostoc sp. SI-SN using freeze-thaw method.  

 

Different  

Extraction Buffers 

Concentrations of CPC and CPE  

in mg ml-1 

CPC CPE 

Sodium Phosphate (100 mM, pH 7.0) 0.849 ± 0.05 0.826 ± 0.04 

Potassium Phosphate (100 mM, pH 7.0) 0.668 ± 0.05 0.621 ± 0.02 

Sodium Acetate ( 50 mM pH 6.0) 0.376 ± 0.03 0.337 ± 0.01 

Tris HCl/EDTA ( 50mM pH 6.8) 0.513 ± 0.02 0.489 ± 0.03 

Tris-Base/Saline (50 mM trisbase, 100 mM 

NaCl, 1% β-mercaptoethanol, 10 mM EDTA, 

pH 7.6) 

1.133 ± 0.01 0.924 ± 0.02 

The data is represented as mean ± SEM of three technical replicates. Significant 

difference was expressed at p-value < 0.05. 
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procedures, the cyanobacterial cultures were optimized for enhanced accumulation of 

CPC and CPE. For this purpose various physiological conditions were studied which 

included: effect of pH, temperature, light quantity and quality. 

Effect of Temperature on CPC and CPE Production 

To ascertain the effect of temperature on biomass production, CPC and CPE production, 

0.5 ml of homogenized log phased cultures of Oscillatoria sp. SI-SA and Nostoc sp. SI-

SN were inoculated in 250 ml wide neck Erlenmeyer flasks containing 150 ml complete 

BG-11 media with pH of 7.5. The media for Nostoc sp. SI-SN was supplemented with 

100 mM NaCl as optimized previously (chapter 3). The cultures were incubated in an 

Infors HT Multitron shaking incubator under continuous white fluorescent low intensity 

light of 40 μE m-2 s-1 as optimized previously (chapter 3) at varying temperatures (20, 25, 

30, 35, 40ºC) with low speed swirling at 50 rpm. After 20 days of incubation the cultures 

were harvested by centrifugation at 4ºC and 25,000 xg. The biomasses were weighed 

whereas extraction and concentration of CPC and CPE were measured as described 

previously. By looking at the temperature variations, it was ascertained that Oscillatoria 

sp. SI-SA grew efficiently from 25 to 35°C and produced highest biomass of 0.987 g L-1 

(Figure 8.4 a) with CPC concentration of 1.956 mg ml-1 (Figure 8.4 b) at 30°C. Nostoc 

sp. SI-SN gave highest biomass of 0.948 g L-1 (Figure 8.4a) with CPE concentration of 

1.813 mg ml-1 (Figure 8.4 b) at 25°C. A decrease in CPC and CPE production was 

observed at higher temperature of 40°C and low temperature of 15°C. This showed that 

CPC and CPE production is preferably produce higher at cool to slightly warm 

temperature between 25-30°C. 

Effect of pH on CPC and CPE Production  

To monitor the effect of pH on biomass, CPC and CPE production, 0.5 ml homogenized, 

log phased cultures of Oscillatoria sp. SI-SA and Nostoc sp. SI-SN were inoculated in 

250 ml wide neck Erlenmeyer flasks containing 150 ml complete BG-11 media with 

varying pH of 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0. The cultures were incubated under 

same conditions as described previously at 25°C. After 20 days the biomasses were 

weighed and CPC and CPE concentrations were measured as described previously. It 

was observed that, Oscillatoria sp. SI-SA produced highest biomass of 0.989 g L-1 

(Figure 8.5a) with CPC concentration of 1.957 mg ml-1 (Figure 8.5 b) at pH of 7.5, 

whereas, Nostoc sp. SI-SN produced highest biomass of 0.987 g L-1 (Figure 8.5 a) with  
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Figure 8.4 (a):  The effect of temperature on the biomass production for CPC and CPE 

extraction at 15, 20, 25, 30, 35 and 40ºC grown in BG-11 medium (pH 7.5) at 40 μE m-2s-1 after 

20 days of incubation. Each value is the mean of three technical replicates. Error bars indicate 

standard error mean.  

 

 

 

 

 

 
 

Figure 8.4 (b):   Effect of temperature on CPC (blue) by Oscillatoria sp. SI-SA and CPE (pink) 

by Nostoc sp. SI-SN production grown in BG11 medium (pH 7.5) at 40 μE m-2s-1 with varying 

temperature of 20, 25, 30, 35, 40 and 45°C cultivated for 20 days. Each value is the mean value 

of three technical replicates. Error bars indicate standard error mean. 
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CPE concentration of 1.887 mg ml-1 (Figure 8.5 b) at pH 8. A significant increase (p 

<0.05) in CPC concentration was observed when pH was increased from 7 to 7.5, 

however it decreased when pH was raised to 8. The lowest CPC concentration of 0.314 

mg ml-1 was recorded at pH 9. Conversely, it was observed that there was a significant 

increase in the CPE concentration when pH was increased from 7.5 to 8. The lowest 

concentration 0.748 mg ml-1 of CPE was observed at pH 6. These results indicated that 

CPC production in Oscillatoria sp. SI-SA was preferably produced at neutral to slightly 

alkaline pH whereas, CPE production from Nostoc sp. SI-SN preferably produced at 

alkaline pH.    

Effect of Nitrogen and Phosphorus on CPC and CPE Production 

The effects of nitrogen and phosphorus on increase production of biomass, CPC and CPE 

was assessed by inoculating 0.5 ml of exponentially growing cultures of Oscillatoria sp. 

SI-SA and Nostoc sp. SI-SN in 250 ml wide neck Erlenmeyer flasks containing 150 ml 

complete BG-11 media with six varying concentrations of NaNO3 (0, 0.5, 1.0, 1.5, 2.0 

and 2.5 g L-1) and K2HPO4 (0, 0.02, 0.04, 0.06, 0.08 and 0.1 g L-1) where concentrations 

of 1.5 and 0.04 g L-1 of NaNO3 and K2HPO4 were the original ones in BG-11 media and 

that served as controls. The pH of the media inoculated with Oscillatoria sp. SI-SA was 

7.5 whereas that of Nostoc sp. SI-SN was 8.0 supplemented with 100 mM NaCl and the 

cultures were incubated under continuous light of 40 μE m-2s-1 for 20 days at 30 and 25ºC 

respectively. The results showed that the highest biomass concentrations of 0.992 and 

0.997 g L-1 and CPC concentrations of 1.957 and 1.963 mg ml-1 from Oscillatoria sp. SI-

SA were achieved at control nitrogen and phosphorus concentrations of 1.5 and 0.04 g L-1 

respectively whereas lower and higher concentrations decreased the biomass and CPC 

concentration (Figure 8.6 a). Similarly, the highest biomass concentrations of 0.949 and 

0.956 g L-1 and CPE concentrations of 1.887 and 1.889 mg ml-1 from Nostoc sp. SI-SN 

were achieved at control nitrogen and phosphorus concentrations of 1.5 and 0.04 g L-1 

respectively whereas lower and higher concentrations decreased the biomass and CPC 

concentration (Figure 8.6 a). So the original concentrations of nitrogen and phosphorus in 

BG-11 media were the most favorable for the increase production of CPC and CPE. 

Effect of Light Quality (Wavelength) and Intensity on CPC and CPE Production 

The effect of light quality on production of biomass, CPC and CPE was assessed by 

inoculating 0.5 ml of exponentially growing culture of Oscillatoria sp. SI-SA and Nostoc  
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Figure 8.5 (a):  The effect of pH on the biomass production at 6, 6.5, 7, 7.5, 8, 8.5 and 9, grown 

in BG-11 media and incubated at 25°C under low light intensity of 40 μE m-2s-1 for 20 days. 

Each value is the mean of three technical replicates. Error bars indicate standard error mean.  

 

 

 

 

 

 

Figure 8.5 (b):  The effect of pH on the CPC (blue) and CPE (pink) production at 6, 6.5, 7, 7.5, 

8, 8.5 and 9, grown in BG-11 media and incubated at 25°C under low light intensity of 40 μE m-

2s-1 for 20 days. Each value is the mean of three technical replicates. Error bars indicate standard 

error mean.  
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Figure 8.6 (a):  The effect of varying concentrations of nitrogen as NaNO3 on CPC, CPE and 

biomass production of strains SI-SA and SI-SN grown in BG-11 media. Strain SI-SN was 

incubated at 25°C, pH of 8.0 and 100 mM NaCl whereas strain SI-SA at 30°C and pH of 7.5 

under low light intensity of 40 μE m-2s-1 for 20 days. Error bars indicate mean ± SEM of three 

technical replicates.  

 

 

 

 

 

 

Figure 8.6 (a):  The effect of varying concentrations of phosphorus as K2HPO4 on CPC, CPE 

and biomass production of strains SI-SA and SI-SN grown in BG-11 media. Strain SI-SN was 

incubated at 25°C, pH of 8.0 and 100 mM NaCl whereas strain SI-SA at 30°C and pH of 7.5 

under low light intensity of 40 μE m-2s-1 for 20 days. Error bars indicate mean ± SEM of three 

technical replicates.  
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sp. SI-SN were inoculated in 250 ml wide neck Erlenmeyer flasks containing 150 ml of 

complete BG-11 media. The pH of the media inoculated with Oscillatoria sp. SI-SA was 

7.5 whereas that of Nostoc sp. SI-SN was 8.0 supplemented with 100mM NaCl. The 

cultures were then exposed to continuous high (125 μE m-2 s-1), medium (65 μE m-2 s-1) 

and low (25 μE m-2 s-1) intensities of light at four different wavelengths; blue, white, 

green and red by wrapping cellophane papers uniformly to the flasks. Oscillatoria sp. SI-

SA was grown at 30°C whereas, Nostoc sp. SI-SN was grow at 25ºC with low speed 

swirling at 50 rpm for 20 days. The biomasses were weighed whereas extraction and 

concentration of CPC and CPE were measured as described previously. The results 

indicated that there was significant relationship between CPC and CPE production and 

light quality and intensities. The light quality also affects the color of the biomass due to 

over production or under production of various photosynthetic pigments. It was observed 

that at low intensity of light under red light the biomass turned intense blue-green, under 

white light it was dark-green and under green light little biomass of olive-green color was 

produced which was attached to the walls of the flask and under blue light a very little 

floating biomass was produced of green color (Figure 8.7 a). Oscillatoria sp. SI-SA 

produced highest CPC concentration of 3.284 mg ml-1 from biomass of 2.32 g L-1 under 

continuous low intensity of light (25 μE m-2 s-1) of red color followed by white light with 

CPC concentration of 1.223 mg ml-1 with biomass production of 1.388 g L-1 under same 

light intensity (Table 8.4 a). The lowest biomass of 0.065 g L-1 and CPC concentration of 

0.078 mg ml-1 with same light intensity was produced under blue light. Green light also 

didn’t prove right for the production of CPC. The biomass production and CPC 

concentration decreased as light intensity increased under all the four colors of light. In 

Nostoc sp. SI-SN, it was observed that at low intensity of light under white light the 

biomass turned intense black-brown, whereas, under blue light it was dark-brown, 

however the quantity of biomass decreased. Under green light decreased amount of fluffy 

golden biomass was produced whereas under red light a very little biomass of golden 

color was produced (Figure 8.7 b). When biomass was weighed and CPE concentration 

was determined, it was found out that Nostoc sp. SI-SN produced highest CPE 

concentration of 2.011 mg ml-1 from biomass of 1.526 g L-1 under continuous low 

intensity of light (25 μE m-2 s-1) of white color followed by blue light with CPE 

concentration of 0.987 mg ml-1 with biomass production of 0.988 g L-1 under same light 

intensity (Table 8.4 b). The lowest biomass of 0.043 g L-1 and CPC concentration of 

0.112 mg ml-1 with same light intensity was produced under red light. It was also 
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observed that the biomass quantity and CPE concentration decreased as the light intensity 

increased. It was concluded that red light was the best in the optimized production of 

CPC from Oscillatoria sp. SI-SA whereas, white light proved best in the optimized 

production of CPE from Nostoc sp. SI-SN under low intensity (25 μE m-2 s-1) of light in 

both cases, whereas, blue and green light had negative effect on CPC production and 

green and red light was not appropriate for CPE production.  

Effect of Quantity (Photoperiod) and Intensity on CPC and CPE Production 

To investigate the quality and intensity of light on biomass, CPC and CPE production, 

0.5 ml of exponentially growing culture of Oscillatoria sp. SI-SA and Nostoc sp. SI-SN 

were inoculated in 250 ml wide neck Erlenmeyer flasks containing 150 ml complete BG-

11 media. The pH of the media inoculated with Oscillatoria sp. SI-SA was 7.5 and 

culturing flask was exposed to red light at 30°C, whereas the pH of the media inoculated 

with Nostoc sp. SI-SN was 8.0 and supplemented with 100mM NaCl. The culture was 

exposed to white fluorescent light at 25ºC. Both cultures were incubated with low speed 

swirling at 50 rpm for 20 days with various photoperiods of 8:16, 12:12, 16:8 and 

continuous red and white light under high (100 μE m-2 s-1), medium (65 μE m-2 s-1) and 

low (25 μE m-2 s-1) intensities.  It was observed from the results that, Oscillatoria sp. SI-

SA produced highest CPC concentration of 3.285 mg ml-1 with biomass quantity of 2.32 

g L-1 with continuous red light under low intensity of 25 μE m-2 s-1 closely followed by 

16:08 light: dark period with CPC concentration of 3.195 mg ml-1 with biomass quantity 

of 2.157 g L-1 at high light intensity of 100 μE m-2 s-1 (Table 8.5 a). The lowest CPC 

concentration of 1.565 mg ml-1 with biomass quantity of 1.075 g L-1 was produced with 

08:16 light: dark period under high light intensity of 100 μE m-2 s-1. Similarly, in Nostoc 

sp. SI-SA the highest CPE concentration of 2.011 mg ml-1 with biomass quantity of 

1.526 g L-1 was produced with continuous white light under low intensity light of 25 μE 

m-2 s-1, closely followed by 16:08 light: dark period with CPE concentration of 1.895 mg 

ml-1 with biomass quantity of 1.233 g L-1 at high light intensity of 100 μE m-2 s-1 (Table 

8.5 b). The lowest CPE concentration of 0.786 mg ml-1 with biomass quantity of 0.723 g 

L-1 was produced with 08:16 light: dark period under high light intensity of 100 μE m-2 s-

1. Furthermore, it was also observed that under light: dark regimes both CPC and CPE 

production and biomass quantity increased as light intensity increased, whereas, under 

continuous light CPC and CPE production and biomass quantity decreased as light 

intensity increased. In both the cases it was observed that continuous light period and 
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Figure 8.7:  Cyanobacterial cultures grown under various wavelengths of light with continuous low intensity of 25 μE m-2 s-1. (A). Cultures of 

Oscillatoria sp. SI-SA (a). grown under blue light (b). white light. (c). green light (d) red light. (B). Cultures of Nostoc sp. SI-SN.  (a). grown under blue light 

(b). white light  (c). green light (d) red light. 
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        Table 8.4(a):   Biomass production and CPC concentration of Oscillatoria sp. SI-SA under various wavelengths of light sources  

        with different levels of light intensities. 

Light Colors Low (25 μE m-2 s-1) Medium (65 μE m-2 s-1) High (100 μE m-2 s-1) 

Biomass g L-1 CPC mg ml-1 Biomass g L-1 CPC mg ml-1 Biomass g L-1 CPC mg ml-1 

Blue 0.065 ± 0.04 0.078 ± 0.04 0.046 ± 0.01 0.165 ± 0.02 0.037 ± 0.03 0.098 ± 0.02 

White 1.388 ± 0.02 1.223 ± 0.03 1.054 ± 0.03 1.113 ± 0.03 0.986 ± 0.04 1.021 ± 0.03 

Green 0.076 ± 0.03 0.104 ± 0.01 0.071 ± 0.02 0.098 ± 0.02 0.032 ± 0.04 0.074 ± 0.01 

Red 2.32 ± 0.02 4.274 ± 0.03 2.21 ± 0.04 3.167 ± 0.04 1.89 ± 0.03 1.843 ± 0.02 

        The data is represented as mean ± SEM of three technical replicates. Significant difference was expressed at p-value < 0.05. 

 

   

       Table 8.4(b):   Biomass production and CPE concentration of Nostoc sp. SI-SN under various wavelengths of light sources with  

       different levels of light intensities. 

Light Colors Low (25 μE m-2 s-1) Medium (65 μE m-2 s-1) High (100 μE m-2 s-1) 

Biomass g L-1 CPE mg ml-1 Biomass g L-1 CPE mg ml-1 Biomass g L-1 CPE mg ml-1 

Blue 0.988 ± 0.03 0.987 ± 0.01 0.762 ± 0.03 0.865 ± 0.04 0.578 ± 0.03  0. 683 ± 0.03 

White  1.526 ± 0.02 2.248 ± 0.01 1.237 ± 0.02 1.873 ± 0.03 0.987 ± 0.02 1.012 ± 0.03 

Green 0.578 ± 0.02 0.675 ± 0.02 0.432 ± 0.01 0.445 ± 0.02 0.154 ± 0.03  0.218 ± 0.01 

Red 0.043 ± 0.03 0.112 ± 0.01 0.027 ± 0.02 0.072 ± 0.03 0.013 ± 0.02 0.043 ± 0.04 

       The data is represented as mean ± SEM of three technical replicates. Significant difference was expressed at p-value < 0.05.
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      Table 8.5 (a):   Biomass production and CPC concentration of Oscillatoria sp. SI-SA with various photoperiods under different  

      levels of intensities of red light.  

Photoperiods 

(Light: Dark) 

Low (25 μE m-2 s-1) Medium (65 μE m-2 s-1) High (100 μE m-2 s-1) 

Biomass g L-1 CPC mg ml-1 Biomass g L-1 CPC mg ml-1 Biomass g L-1 CPC mg ml-1 

08:16 0.898 ± 0.01 1.212 ± 0.02 1.016 ± 0.03 1.167 ± 0.04 1.075 ± 0.01 1.565 ± 0.03 

12:12 0.921 ± 0.03 1.385 ± 0.02 1.086 ± 0.04 1.267 ± 0.04 1.737 ± 0.03 2.856 ± 0.02 

16:08 1.32 ± 0.02 1.854 ± 0.03 1.791 ± 0.04 2.167 ± 0.04 2.157 ± 0.03 3.195 ± 0.02 

24:00 2.32 ± 0.02 4.274 ± 0.03 2.286 ± 0.04 3.647 ± 0.04 1.887 ± 0.03 2.845 ± 0.02 

     The data is represented as mean ± SEM of three technical replicates. Significant difference was expressed at p-value < 0.05. 

 

 

     Table 8.5 (b):   Biomass production and CPE concentration of Nostoc sp. SI-SN with various photoperiods under different levels  

     of intensities of white light. 

Photoperiods 

(Light: Dark) 

Low (25 μE m-2 s-1) Medium (65 μE m-2 s-1) High (100 μE m-2 s-1) 

Biomass g L-1 CPE mg ml-1 Biomass g L-1 CPE mg ml-1 Biomass g L-1 CPE mg ml-1 

08:16 0.285 ± 0.03 0.365 ± 0.01 0.433 ± 0.02 0.535 ± 0.04 0.723 ± 0.04 0.786 ± 0.03 

12:12 0.318 ± 0.03 0.473 ± 0.03 0.702 ± 0.04 0.783 ± 0.04 0.825 ± 0.03 0.892 ± 0.02 

16:08 0.713 ± 0.04 0.752 ± 0.02 0.987 ± 0.02 1.693 ± 0.02 1.233 ± 0.02 1.895 ± 0.01 

24:00  1.526 ± 0.02 2.248 ± 0.01 1.237 ± 0.02 1.873 ± 0.03 0.987 ± 0.02 1.012 ± 0.03 

     The data is represented as mean ± SEM of three technical replicates. Significant difference was expressed at p-value < 0.05.
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16:08 light: dark regime were both efficient, however; continuous light regime was 

significantly better for the optimized production of both CPC and CPE. 

Effect of Incubation Time on CPC and CPE Production 

For the investigation of incubation time on CPC and CPE production 0.5 ml of 

exponentially growing cultures of Oscillatoria sp. SI-SA and Nostoc sp. SI-SN were 

inoculated in 250 ml wide neck Erlenmeyer flasks containing 150 ml complete BG-11 

media. The pH of the media inoculated with Oscillatoria sp. SI-SA was 7.5 whereas that of 

Nostoc sp. SI-SN was 8.0 supplemented with 100 mM NaCl. The cultures were then 

exposed to continuous low (25 μE m-2 s-1) intensity of light. Oscillatoria sp. SI-SA was 

grown at 30°C wrapped in red cellophane paper whereas, Nostoc sp. SI-SN was grow at 

25ºC under white light with low speed swirling at 50 rpm. The cultures were harvested after 

10, 15, 20, 25, 30 and 35 days for 40 days to evaluate the CPC and CPE content.   The 

results showed that highest CPC and CPE production was achieved after 25 days with CPC 

concentration of 2.475 µg ml-1 and CPE concentration of 2.543 µg ml-1 after which their 

concentration significantly decreased, however their biomass quantity increased (Figure 8.8 

a and b).    

Large Scale Production and Purification of CPC and CPE 

The purification of CPC and CPE from cyanobacteria can be done with various procedures 

which include: centrifugation, ammonium sulfate precipitation, aqueous two-phase 

extraction, dialysis, gel filtration and various chromatographic techniques. Among these 

procedures ammonium sulphate (NH4)2SO4) precipitation procedure is most commonly used 

because it is inexpensive, uncomplicated and can be applied on large scale (Kamble et al., 

2012). The purity of CPC and CPE is a crucial step since it determines the cost and their 

applications. Furthermore, harsh treatments during cell disruption results in the release of 

various other unwanted proteins which makes the purification process lengthy which end up 

in low yield. The purity of CPC and CPE is generally determined by calculating absorbance 

ratio at A620/A280 for CPC and A562/A280 for CPE. On the basis of these ratios CPC and 

CPE purity is classified into grades that is; a purity ratio of more than 0.7 is considered food 

grade, greater than 3.9 is considered reactive grade and ratio greater than 4.0 is considered 

analytical grade protein (Kuddus et al., 2013). 

Biomass Production, Harvest and Extraction 

So, for the purification of CPC and CPE, 1 ml of exponentially growing cultures of   
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Figure 8.8 (a):   The effect of incubation time in days on the biomass production and CPC 

concentration grown in BG-11 media and incubated at 30°C under red low light intensity of 25 μE 

m-2s-1 for 35 days. Each value is the mean of three technical replicates. Error bars indicate standard 

error mean. 

 

 

 

Figure 8.8 (b):  The effect of incubation time in days on the biomass production and CPE 

concentration grown in BG-11 media and incubated at 25°C under white low light intensity of 25 μE 

m-2s-1 for 35 days.  Each value is the mean of three technical replicates. Error bars indicate standard 

error mean. 
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Oscillatoria sp. SI-SA and Nostoc sp. SI-SN were inoculated in 1L BG-11 media in a wide 

neck 2L Erlenmeyer flasks. The cultures were then exposed to continuous low (25 μE m-2 s-

1) intensity of light. Oscillatoria sp. SI-SA was grown at 30°C wrapped in red cellophane 

paper whereas, Nostoc sp. SI-SN was grown at 25ºC under white light with low speed 

swirling at 50 rpm. The cultures were grown for 25 days after which they were harvested 

with high speed centrifugation at 4ºC and 25,000 xg. The biomasses were weighed and then 

1 g wet biomass of Oscillatoria sp. SI-SA was submerged in 30 ml of TBS buffer pH 7.6 

(Table 8.3). Conversely, the biomass of Nostoc sp. SI-SN was firstly frozen in liquid 

nitrogen and then freeze dried under low pressure of 0.040 mbar at -83ºC and then stored at 

-20ºC. 1 g lyophilized biomass was resuspended in 30 ml of TBS buffer at pH 7.6. CPC and 

CPE proteins were gently extracted by repeated freeze thaw cycles at -20ºC and 4ºC in dark 

until the biomasses turned light-green. The crude protein extracts were then centrifuged at 

25,000 xg for 30 min at 4ºC and then filtered to remove all the cell debris. The CPC and 

CPE concentration and purity was estimated spectrophotometrically by scanning the dark 

blue (CPC) and pink (CPE) crude proteins in the wavelength range of 250 to 800 nm. The 

results showed major peak of CPC with concentration of 4.275 mg ml-1 having purity ratio 

of 0.94. There were also high amount of UV absorbing compounds detected at 320 nm, 

however there were no peaks detected at 562 nm or 652 nm indicating the absence of CPE 

and APC respectively (Figure 8.9 a). On the other hand, a major peak of CPE was detected 

at 568 nm with minor arm at 545 nm with concentration of 2.543 mg ml-1 and purity ratio of 

0.84. There was no peak detected at 495nm which classified the current CPE into type II. 

There were also high amounts of UV absorbing compounds detected at 320 nm. A small 

peak of CPC at 620 nm was also detected in the crude CPE extract; however, the peak for 

APC was absent (Figure 8.9 b). 

Partial Purification of CPC and CPE 

CPC and CPE were partially purified with ammonium sulphate precipitation and dialysis. 

Crude dark-blue (CPC) and pink (CPE) solutions were subjected to single-step precipitation 

with 65% (NH4)2SO4 and then left at 4ºC in dark for 24 hours under constant stirring. The 

obtained precipitates were centrifuged at very high speed of 50,000 xg for 30 min at 4ºC. 

The supernatants were discarded and the precipitates were dissolved in 30 ml of 10mM 

sodium phosphate buffer with pH of 7.0. The proteins were then dialyzed against 1 L of 

same buffer using dialysis membrane (70, MWCO 12 kDa) for 24 hours at 4ºC in dark with 

constant stirring while changing the buffer after every 6 hours. The dialyzed proteins were  
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Figure 8.9 (a):   The absorption spectrum scan of crude CPC protein extract from 250 to 800 nm 

wavelength. The peak at 280 shows total proteins, 320 nm shows UV absorbing compounds 

mycosporine-like amino acids and 620 nm shows CPC.   

 

 

 

Figure 8.9 (b):   The absorption spectrum scan of crude CPE protein extract from 250 to 800 nm 

wavelength. The peak at 280 nm shows total proteins, 320 nm shows UV absorbing compounds, 568 

nm with minor arm at 545 nm shows CPE type II and a small peak at 620 nm shows CPC.   
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recovered from the membrane and were passed through 0.45 μm sterile filter. It was 

observed that after precipitation with 65% ammonium sulphate, 89% of CPC and 88% of 

CPE yields were obtained. The purity ratio for CPC increased from 0.94 to 2.1 with 

concentration slightly increased from 3.475 to 3.698 mg ml-1, whereas, purity ratio of CPE 

increased from 0.84 to 1.2 with concentration increased from 2.243 to 2.340 mg ml-1. After 

dialysis of the proteins the percentage yields and concentrations of CPC and CPE decreased. 

In case of CPC the concentration slightly decreased from 3.698 to 3.588 mg ml-1 with purity 

ratio increased from 2.1 to 3.4 having an overall yield of 86%. In the case of CPE, the 

concentration decreased from 2.340 to 2.213 mg ml-1 with increase in purity ratio from 1.2 

to 2.82 with overall yield of 82.2%.  At this point, the purity of C-PE obtained was high 

enough to be used in food, cosmetics and feeds. The steps are summarized in Table 8.6 (a 

and b). 

Purification with Anion Exchange FPLC 

In order to get analytical grade with purity ratio > 4.0, food grade CPC and CPE obtained 

from ammonium sulphate precipitation and dialysis were purified further with anion 

exchange Fast Protein Liquid Chromatography (FPLC). The dialyzed CPC and CPE 

proteins were applied to an FPLC HiTrap-DEAE 88 Sepharose Fast Flow (FF) 1 ml column 

(GE ÄKTAFPLC). The samples were eluted with a linear gradient composed of 0-1M NaCl 

prepared in 10 mM sodium phosphate buffer having a pH of 7.0. It was observed that in 

case of CPC much of the unwanted proteins and nucleic acids started eluting with the flow-

through which did not adsorb or weakly adsorb to the anion-exchange resin. When NaCl 

gradient was started, it was seen that first blue colored fractions were started to elute at 

0.6M NaCl gradient whereas maximum CPC was eluted at 0.8M NaCl along with small 

amount of other proteins and nucleic acids since NaCl concentration facilitates the 

desorption of a lot of proteins along with CPC (Figure 8.10 a). This process somewhat 

decreased the concentration from 3.588 to 2.938 mg ml-1 with purity ratio increased from 

3.4 to 4.89 having an overall yield of 29.80%. Steps are summarized in Table 8.6 (a). 

Conversely, when dialyzed CPE was applied to the anion-exchange column, pink colored C-

PE fractions started to elute out firstly at 0.02 M and then a maximum peak at 0.03 M when 

the NaCl gradient was applied; however, along with CPE protein some other proteins and 

nucleic acids also eluted out. Some of the CPE was also seen eluting at 0.035 M NaCl with 

very little unwanted proteins (Figure 8.10 b). This increased the purity ratio of the protein 

from 2.82 to 4.65 with a concentration decreased from 2.213 to 1.025 mg ml-1 with 15.35% 
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overall yield. The fractions were then analyzed with the UV/VIS spectrophotometer to 

check the highest purity fractions. It was seen that in case of CPC out of 15 fractions 12 

were purified with purity ratio greater than 4.0. Whereas, in case of CPE out 15 fractions, 8 

were purified having purity ratio greater than 4.0. The steps are summarized in Table 8.6 

(b). 

Characterization of CPC and CPE 

Characterization of purified CPC and CPE is crucial since these proteins slightly vary from 

species to species. So for that matter the characterization was done by studying spectral 

characteristics with absorption and fluorescence spectrum of CPC and CPE followed by 

electrophoretic characteristics to study the integrity of the native proteins as well as the 

molecular weight of their subunits. The integrity and fluoresce of the proteins and their 

subunits were also studied under UV light. Furthermore, structural characteristics of the 

proteins were also studied with Fourier transform infrared spectroscopy (FTIR). 

Absorption and Fluorescence Spectrum 

The purified CPC and CPE from anion-exchange chromatography were then characterized 

firstly spectrophotometrically by analyzing their absorption and fluorescence emission 

spectrum. The absorption spectra of CPC after purification showed a peak at 620 nm 

corresponding to purified CPC whereas, there were also little peaks detected at 280 and 320 

nm corresponding to little amounts of total proteins and UV absorbing compounds 

respectively. No peaks of CPE and APC were detected at 562 nm and 652 nm respectively 

as shown in Figure 8.11 (a). The fluorescence emission spectra showed an intense peak at 

643 nm corresponding to the fluorescence of CPC. No other peaks were detected. On the 

other hand, The absorption spectra of CPE after purification showed a peak at 568 nm with 

a minor arm at 545 nm corresponding to the purified CPE type II, whereas, there were also 

small peaks detected at 280 and 320 nm corresponding to little amounts of total proteins and 

UV absorbing compounds respectively. No peaks of CPC and APC were detected at 620 nm 

and 652 nm respectively. The fluorescence emission spectra showed an intense peak at 580 

nm corresponding to the fluorescence of CPE type II. No other peaks were detected as 

shown in Figure 8.11 (b). This showed that the proteins were purified and intact. 

Electrophoretic Characterization of Purified CPC and CPE 

The electrophoretic characterization of purified CPC and CPE was carried out both by SDS-

PAGE and NATIVE-PAGE and the proteins were studied both with silver staining and  
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Table 8.6 (a):   Purification steps of C-Phycocyanin of Oscillatoria sp. SI-SAa. 

 

Parameters Studied 

Crude 

Extract 

65% 

(NH4)2SO4 

Precipitation 

Dialyzed 

C-PE 

Anion 

Exchange 

C-PE 

Sample Volume 30ml 30ml 30ml 10ml 

Purity Ratio of C-PE 0.94 (FG) 2.1 (FG) 3.69 (FG) 4.89 (AG) 

Conc. of CPC mg ml-1 4.275 3.898 3.288 2.938 

% Yield 100 91.18 84.35 29.80 

a All steps were performed at 4ºC in the dark. FG= food grade. AG= analytical grade.  

 

 

 

 

 

Table 8.6 (b):   Purification steps of C-Phycoerythrin of Nostoc sp. SI-SNa. 

 

Parameters Studied 

Crude 

Extract 

65% 

(NH4)2SO4 

Precipitation 

Dialyzed 

C-PE 

Anion 

Exchange 

C-PE 

Sample Volume 30ml 30ml 30ml 10ml 

Purity Ratio of C-PE 0.84 (FG) 1.2 (FG) 2.82 (FG) 4.69 (AG) 

Conc. of CPE mg ml-1 2.543 2.340 1.893 1.056 

% Yield 100 92.01 80.89 15.35 

a All steps were performed at 4ºC in the dark. FG= food grade. AG= analytical grade.  
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Figure 8.10 (a):   FPLC chromatogram of C-Phycocyanin from Oscillatoria sp. SI-SA. Pink 

peaks indicate elution of CPC at 620 nm, blue peaks indicate total proteins at 280 nm and red peaks 

indicate nucleic acids at 260 nm. 

 

 

 

Figure 8.10 (b):   FPLC chromatogram of C-Phycoerythrin from Nostoc sp. SI-SN. Pink peaks 

indicate elution of CPE at 568 nm, blue peaks indicate total proteins at 280 nm and red peaks 

indicate nucleic acids at 260 nm. 
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under UV light (Figure 8.12 a and b). It was observed that CPC and CPE gradually purified 

after every step of purification. On SDS-PAGE CPC purified from anion-exchange 

chromatography showed two bands of subunits α and β with molecular weight of 16 kDa 

and 19 kDa were stained briefly with zinc acetate. The zinc-assisted fluorescence 

enhancement confirmed both the subunits of CPC and CPE as bilin-linked polypeptides. 

When NATIVE-PAGE was applied, single bands of CPC and CPE were detected. After 

zinc-assisted fluoresce enhancement single fluorescent band of CPC and CPE was detected 

under UV light which showed the purity and integrity of the protein.    

Secondary Structure Characterization of CPC and CPE with FTIR. 

The purified CPC and CPE were further characterised by FTIR (Thermo-Nicolet 6700 P 

FTIR Spectrometer (USA)) equipped with a diamond crystal attenuated total reflectance 

(ATR) cell with a DTGS detector scanning over the wavenumber range of 4000-400 cm-1 in 

order to determine their structural characteristics. In case of CPC the FTIR analysis showed 

protein specific amide I band at 1655.14 cm-1 (Figure 8.13 a) which showed characteristic 

C=O stretching vibrations of peptide bond. Similarly peak at 1546.89 cm-1 showed 

stretching vibrations of C-N and bending vibrations of N-H of amide II band whereas, a 

small peak at 1454.26 cm-1 showed COO- bending vibrations in carboxylic group in protein 

side chain. A very dense peak was also detected at 3264.47 cm-1 depicting it to be an amide-

A band with bending vibrations of the N-H peptide linkage in resonance with the amide II 

overtone (Yang et al. 2015b). A peak at 1236.49 cm-1 showed C-N stretching vibrations and 

N-H bending vibrations of amide III band (Kong and Yu, 2007). Peak at 689.14 cm-1 showed 

OCN bending vibrations of amide IV band. The amide I band shape and frequencies can be 

used to assigned the secondary structures of the proteins. In the current study, the presence 

of a sharp amide I band at 1653.14 cm-1 together with a main peak at 3264.47 cm-1 

suggested that the purified protein CPC had α-helix as predominant component of its 

secondary structure.  

Similarly, the FTIR analysis of CPE also showed presence of of amide-A band with N-H 

bending vibrations at 3256.30 cm-1. A sharp peak at 1639.05 cm-1 (Figure 8.13 b) was 

assigned to C=O stretching vibrations of peptide bond. A peak at 1454.26 cm-1 showed 

COO- bending vibrations in carboxylic group in protein side chain. A peak at 1232.49 cm-1 

showed C-N stretching vibrations and N-H bending vibrations of amide III band. Peak at 

684.05 cm-1 showed OCN bending vibrations of amide IV band. The presence of a sharp 

amide I band at 1639.05 cm-1 together with a main peak at 3256.30 cm-1 suggested that the  
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Figure 8.11 (a):  Purified CPC under 

visible light (blue) and crimson-red 

under UV light.                            

(A). Absorption spectra of purified CPC 

from Oscillatoria sp. SI-SA. 

(B). Excitation and emission 

fluorescence spectra of purified CPC 

 

 

 

 

 

 

Figure 8.11 (b):  Purified CPE under 

visible light (pink) and orange-yellow 

under UV light. 

(A). Absorbance spectra of purified CPE 

from Nostoc sp. SI-SN. 

(B). Excitation and emission fluorescence 

spectra of purified CPE. 
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Figure 8.12 (a): PAGE Analysis of purified CPC from Oscillatoria sp. SI-SA. (A) SDS-

PAGE (L1 crude extract), M (protein marker), L3 (dialyzed protein), L4 (Anion exchange 

sample showing purified subunits α (down) β (up) of CPC). (B) Fluorescence of C-PE subunits 

under UV-light. (C) Fluorescence of Native CPC under UV light. (D). NATIVE-PAGE of CPC 

showing single band.  

 

 

Figure 8.12 (b): PAGE Analysis of purified CPE from Nostoc sp. SI-SN. (A). SDS-PAGE 

(L1 crude extract), M (protein marker), L3 (dialyzed protein), L4 (Anion exchange sample 

showing purified subunits of CPE). (B). Fluorescence of CPE subunits under UV-light. (C). 

NATIVE-PAGE of CPE showing single band. (D). Fluorescence of Native CPE under UV light. 
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purified protein CPE had β-sheets as predominant component of its secondary structure. 

Furthermore, the absence of other compounds ensured that the proteins CPC and CPE 

were in their purified states. The overall scheme of CPC and CPE extraction, isolation 

and purification is described in the form of flow-chart in Figure 8.14. 

Effect of pH and Temperature on the Stability of Purified CPC and CPE 

The stability of purified CPC and CPE was studied for one month at different pH ranging 

from 4-9 in 10mM sodium phosphate buffer. Various temperatures were also studied 

which included: -20°C, 4°C, 25°C and 40°C. The purified CPC and CPE proteins were 

filter sterilized before the start of the experiment. The stability study for a period of one 

month showed that the purified CPC and CPE were stable in sodium phosphate buffer 

over a pH range of 5–7.5 and 6-8 respectively at a temperature of 4°C (Figure 8.15 a-d). 

Below and above the pH range of 5–7.5 and 8 made CPC and CPE lost their colours 

gradually with green and white precipitates respectively. The effect of temperature on 

CPC and CPE stability indicated that these proteins were highly unstable at temperatures 

at and above 25°C (Figure 8.15 a and c). Furthermore, freezing temperatures were also 

found out to be deteriorating factor for the proteins, however not as much when 

compared with higher temperatures. The results showed that CPC and CPE were stable 

at lower temperatures around 4°C for longer period of time in the pH range of 5-7.5 in 

case of CPC and 6-8 in case of CPE (Figure 8.15 b and d). 

Antioxidant Activity of Purified CPC and CPE 

In order to evaluate the bioactive potential of purified CPC and CPE two in vitro 

antioxidation assays: ABTS and DPPH assays were selected. Trolox was used as a 

positive control in ABTS assay whereas; ascorbic acid was used as a positive control in 

DPPH assay. The percentage scavenging effect for both assays was calculated as:  

% Scavenging Activity = [(Acontrol – Asample) / Acontrol] x 100. 

Antioxidant activity of purified CPC and CPE was expressed in terms of EC50 value 

which is an effective concentration at which 50% of DPPH and ABTS free radicals were 

scavenged by CPC, CPE, Trolox and Ascorbic acid. The results showed that CPC and 

CPE scavenged ABTS+ and DPPH+ radicals in a dose dependent manner (Figure 8.16 a- 

f). At the highest concentration of 25 µg ml-1, CPC scavenged ABTS by 87% with 

significant low EC50 value of 9.14 µg ml-1, whereas, CPE scavenged free radical by 86% 

with significantly low EC50 value of 10.86 µg ml-1 (Figure 8.16 e) , suggesting their  
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Figure 8.13 (a):   FTIR spectrum of purified CPC from Oscillatoria sp. SI-SA. 

 

 

 

Figure 8.13 (b):   FTIR spectrum of purified CPE from Nostoc sp. SI-SN. 
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Figure 8.14:   Flow chart of CPC and CPE isolation and purification from Oscillatoria sp. 

SI-SA and Nostoc sp. SI-SN. 
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A)     (B)  

 (C)     (D)  

Figure 8.15:  Stability of CPC and CPE under various Temperatures and pH. (A). Absorbance of CPC at various temperatures in sodium phosphate buffer 

with pH 7.0. (B). Absorbance of CPC under various pH at 4°C. (C). Absorbance of CPE at various temperatures in sodium phosphate buffer with pH 7.0. (D). 

Absorbance of CPE under various pH at 4°C. Bars represent the mean ± SEM of three independent experiments with three technical replicates.   
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high antioxidation ability. When compared with the EC50 value obtained from ABTS 

assay from Trolox, it showed EC50 value of 7.96 µg ml-1 (Figure 8.16 a). CPC and CPE 

showed difference of few points, making them as effective as Trolox. On the other hand 

when antioxidation activity of CPC and CPE was measure with DPPH assay, CPC and 

CPE also showed efficient scavenging of DPPH+ radical in a dose dependent manner. 

However, when compared with ABTS significantly higher EC50 value of 13.79 µg ml-1 

was shown by CPC (Figure 8.16 d) whereas, CPE showed EC50 value of 17.4 µg ml-1 

(Figure 8.16 f). CPC and CPE were also observed to be less efficient than ascorbic acid, 

which was used as a standard that showed an EC50 value of 6.25 µg ml-1 (Figure 8.16 b). 

At highest concentration of 25 µg ml-1, CPC scavenged 67.3% DPPH free radical 

whereas; CPE scavenged 61% of DPPH. The results showed that the CPC and CPE were 

highly potent antioxidants with CPC having 23% more antioxidant potency than CPE. 

Toxicity Evaluation of Purified CPC and CPE 

The toxicity evaluation of purified CPC and CPE from Oscillatoria sp. SI-SA and 

Nostoc sp. SI-SN was done with MTS cell viability assay on human normal lymphocytes 

as described previously in chapter 6. The purified CPC and CPE did not show any 

significant toxic effects on the lymphocytes. Furthermore, they also did not show any 

significant proliferation of lymphocytes, since no increase or decline in cell growth at 

any concentration was observed (Figure 8.17 a and b). 

Discussion 

Cyanobacteria, a group of prokaryotic oxyphototrophs are the treasure trove of high-

value natural products phycobiliproteins like C-Phycocyanin and C-Phycoerythrin. These 

proteins are photosynthetic pigments which play important role as light-harvesting 

complexes of photosynthetic machinery in cyanobacteria (Pandey et al., 2013). CPC and 

CPE are water-soluble, beautifully colored and highly fluorescent chromo-proteins. 

Economically, CPC and CPE are considered extremely high-value natural products with 

many biotechnological applications in nutraceutical and pharmaceutical, food, feed and 

cosmetic industries as well as in biomedical and clinical research and diagnostics 

(Kuddus et al., 2013). CPC and CPE are high in demand now-a-days as natural food 

colorants due to their non-toxic and non-carcinogenic nature as oppose to the synthetic 

ones for their potential toxicity and carcinogenicity (Simeunović et al., 2012). 

Cyanobacteria are extremely worthy bioresource for the commercial production of CPC  
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(A)                              (B) 

 

(C)   (D) 

(E)                                                          (F) 

 

Figure 8.16:  Antioxidation Activity of purified CPC and CPE. The doses of Trolox, 

Ascorbic acid, CPC and CPE are presented as log transformed concentrations ranging from 0-25 

µg ml-1. Bars represent the mean ± SEM of three technical replicates with three independent 

experiments (n=3). The EC50 values were derived from the data by applying non-linear 

regression curve-fit with 95% confidence interval.    
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Figure 8.17 (a):  Cell viability of cultured lymphocytes treated with different concentrations of 

CPC. Error bars indicate mean ± SEM of three technical replicates. 

 

 

 

 

 

 
 

Figure 8.17 (b):  Cell viability of cultured lymphocytes treated with different concentrations of 

CPC. Error bars indicate mean ± SEM of three technical replicates. 
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and CPE due to their higher photosynthetic levels and rapid growth rates, simple growth 

requirements and ease in controlling the laboratory cultures (Quintana et al., 2011).  

There are very few cyanobacterial species that are currently under use for the 

commercial production of CPC among which Spirulina is foremost (Datla, 2011). 

Conversely, CPE is mainly extracted and purified from red algae for commercial use as 

very few cyanobacterial species produce CPE as their main photosynthetic pigment and 

those that do are mainly marine species (Munier et al., 2014). Therefore, there is still 

need to discover new strains of cyanobacteria from unexplored habitats and screen them 

for the production of CPC and CPE with potent biotechnological applications to meet the 

ever increasing demand or to develop synthetic biology and/or metabolic engineering 

cellular constructs to generate such materials. 

Isolation and efficient extraction of CPC and CPE from cyanobacterial strains can be 

tedious because they possess extremely resistant and multi-layered cell walls (Viskari 

and Colyer, 2003). Furthermore, some species of cyanobacteria produce huge amounts of 

extra polymeric substances (EPS) and gelatinous mass which make the isolation of CPC 

and CPE difficult (Rossi and De Philippis, 2015). Conversely, since CPC and CPE are 

located on the thylakoid membrane with regular arrays, the efficiency in isolation of 

these proteins depends upon cell disruption methods. Harsh treatments lead to 

degradation of these fragile proteins. Therefore, the extraction of CPC and CPE involves 

multi-step procedures. These include: enzymatic digestion of the cell walls with 

lysozymes, repeated freeze/thaw cycles, mechanical disruption by sonication, 

homogenization with cell disruptors, glass beads or hand-grinding in mortar and pastel 

(Rogers et al., 2015). These methods are all effective, however; there is no standard 

procedure for the maximum extraction of CPC and CPE from cyanobacterial cells since 

one method that proves effective for their extraction and purification in one species may 

not be suitable for another (Kamble et al., 2012). Therefore, the extraction and 

purification techniques for CPC and CPE from Oscillatoria sp. SI-SA and Nostoc sp. SI-

SN were firstly optimized. The condition of biomass was studied for the efficient 

extraction of CPC and CPE which included wet biomass and lyophilized. The best 

results were shown by wet biomass in case of Oscillatoria sp. SI-SA with CPC extracted 

up to concentration of 0.712 mg ml-1 (Table 8.2). This result is in accordance with the 

studies which showed that wet biomass is more suitable for extraction of CPC as 

compared with dried biomass which leads to 50% loss of the protein (Sivasankari et al., 

2014; Sarada et al., 1999). Conversely, Doke (2005) showed that Spirulina biomass 
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dried at 25°C under shadow by air circulation extracted 80 mg g-1 of biomass. On the 

other hand, CPE was more efficiently extracted with lyophilized biomass. Mishra et al. 

(2010) also used lyophilized biomass for the extraction of CPE from Pseudoanabaena 

sp. The biomass was then optimized for cell disruption in which gentle procedures were 

applied. The cells of Oscillatoria sp. SI-SA and Nostoc sp. SI-SN were successfully 

ruptured by freeze/thaw cycles at -20 and 4°C (Table 8.2). Freeze/thaw is the most 

common and largely used method in the extraction of PBPs and has been found to be 

effective for various cyanobacterial species like Arthrospira sp. (Patel et al., 2005), 

Synechococcus bacillaris (Lawrenz et al., 2010), Pseudoanabaena sp. (Mishra et al., 

2010) and Anabaena oryzae SOS13 (Salama et al., 2015). The advantage of freeze-

thawing method is that it is mild and non-denaturing. Sharp ice crystals form during the 

freezing process and then contract during thawing thus breaking the cell wall and 

releasing the PBP into the extracting medium (Soni et al., 2006). The selection of 

extraction buffer is also crucial to ensure that proteins are not denatured due to pH shift. 

In the present study Tris-Base Saline buffer of pH 7.5 (Table 8.3) yielded the highest 

CPC and CPE of concentration 1.133 and 0.924 mg ml-1 respectively followed by sodium 

phosphate buffer at pH 7.0 (Table 8.3). For the extraction of PBPs, mostly sodium 

phosphate buffer has been in use (Kamble et al., 2012; Ramos et al., 2010; Reisfle et al., 

1998). Conversely, Tris Saline Buffer with mercaptoethanol is not very popular, 

however; in the current study it gave the highest yield. Similarly, Shoja et al. (2015) 

successfully used this buffer even at pH 8.0 to obtain CPC from Spirulina. 

Environmental factors greatly influence the growth of cyanobacteria as well as 

photosynthetic pigments such as Chl-a, CPC, APC and CPE within the cell. Therefore, 

successful cultivation of cyanobacteria and CPC and CPE production requires 

optimization of physico-chemical parameters. Walter et al. (2011) and Hemlata and 

Fatma (2009) reported that abiotic factors such as light intensity, light wavelength and 

temperature have a strong influence on the rate of photosynthesis and biomass 

productivity as well as the PBP content and composition. The size, structure and number 

of PBS in cyanobacteria are sensitive to environmental growth conditions. Cyanobacteria 

display considerable differences in their sensitivity, physiological and biochemical 

responses, as well as adaptive strategies to these factors (Gigova et al., 2012). So, 

various physiological factors were studied for the optimized production of CPC and 

CPE. The optimum temperature for CPC production was recorded at 30°C (Figure 8.4 a). 

Low temperature did not favor the production of CPC as there was 64.37% decrease in 
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CPC at 15°C, 54.55% at 20°C and 6.77% at 25°C when compared with maximum CPC 

yield of 1.956 mg ml-1 at 30°C. Temperature above 30°C also did not favor the 

production of CPC with 7% decrease. Colla et al. (2007) also found that a temperature of 

35°C had a negative effect on biomass production of Arthrospira platensis but 

encouraged the production of protein, lipids and phenolics. Furthermore, increase in 

temperature to 40°C resulted in a 43.34% decrease in CPC. Conversely, CPE production 

was favored at slightly lower temperature of 25°C, like CPC further lowering of the 

temperature decreased the production of CPE as there was 47.32% decrease in CPE at 

15°C and 23.8% at 20°C. Hemlata and Fatima, (2014) also showed that incubation of 

Michrochaete sp. CCU342 at 25°C produced the highest CPE content of 31.90 mg g-1. At 

higher temperature CPE content decreased up to 16.49% at 30°C, 44.73% at 35°C and 

62.82% at 40°C. Higher temperatures did not favor the production of CPE. At high 

temperatures, a decrease in the CPC and CPE occurs due to the bleaching of PBPs 

(Murthy et al., 2012). Jodłowska and Latała, (2013) reported that an increase in 

temperature significantly reduced photosynthesis due to photoinhibition, caused by the 

denaturation of the D1 protein. 

Like temperature, pH also affects the production of CPC and CPE. In the current study, 

the optimum pH for the production of CPC was recorded at 7.5 (Figure 8.5 a and b), 

whereas, for CPE it was recorded at 8 (Figure 8.5 a and b). The results showed that 

Oscillatoria sp. SI-SA preferred neutral to slightly alkaline pH whereas, Nostoc sp. SI-

SN preferred alkaline pH. These findings are in accordance with study done by Shruthi 

and Rajashekhar, (2014), where Oscillatoria tenuis showed optimum growth at pH of 

7.5.  

The concentrations of nitrogen and phosphorus greatly affect the production of 

phycobiliproteins as these proteins also serve as nitrogen reserve under nitrogen limiting 

conditions (Harke and Gobler, 2015). Non-nitrogen fixing cyanobacteria react to 

nitrogen deprivation by degrading phycobiliproteins and their associated linker peptides 

leading to rapid bleaching of the cell (Klotz et al., 2015). Phosphorus also plays 

important role in the growth and pigment production in cyanobacteria. It not only helps 

in the production of biomolecules like proteins, phospholipids and nucleic acids but is 

also involve in energy transfer (Martins et al., 2011). In the current study, the highest 

biomass production and CPC and CPE concentrations were achieved with the original 

concentrations of nitrogen and phosphorus present in the BG-11 medium whereas at 

lower and higher concentrations, the growth gradually decreased. Conversely, in the 
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absence of nitrogen strain SI-SN was able to produce high CPE content due to its 

nitrogen fixing ability whereas the production of CPC in absence of nitrogen slightly 

decreased in strain SI-SA. Similarly, Johnson et al. (2014) also showed that highest 

production of phycobiliproteins and biomass from Nostoc sp. was at 1.5 g L-1, the 

original NaNO3 concentration in BG-11. Patel et al. (2016) also showed that the highest 

production of CPC from Limnothrix sp. 37-2-1 was with the original phosphorus 

concentration of 0.04 g L-1 in BG-11 media.   

The CPC and CPE content and biomass in Oscillatoria sp. SI-SA and Nostoc sp. SI-SN 

changed considerably, depending on the quality or wavelength of light. Red light usually 

favors the production of CPC whereas; green light favors the production of CPE (Gan et 

al., 2014). In this study the CPC concentration and biomass significantly increased in the 

presence of red light at low intensity of 25 μE m-2 s-1. However; CPE on the other hand 

did not grow well under green light but produced maximum biomass and CPE content 

under low intensity white light. Cyanobacterial species changed PBP colour in response 

to light quality through chromatic acclimation (CA). The order of CA for CPC 

production in this study was found to be Red-White-Green and Blue light, whereas; the 

order of CA in CPE was White-Blue-Green-Red, which suggested that colored light 

played a stimulatory effect on CPC and production whereas colorless light on CPE. 

Similar findings were reported by Walter et al. (2011), where CPC production was 

higher under red filtered light, indicating an adaptation to the narrower range of light. 

Furthermore, it was reported that Pseudanabaena accumulated significantly higher 

amounts of CPC during red light treatment compared to white, green, yellow and blue 

light conditions (Dautania and Singh, 2012). Kilani and Lebeault, (2007) showed that 

under red light Fremyella diplosiphon accumulated high levels of CPC. Wang et al. 

(2007) recorded a high specific growth rate of 0.40 day−1 for Arthrospira platensis grown 

under red light using light-emitting diodes (LEDs), and that treatment under blue light 

was the least efficient. Chen et al. (2010) reported the maximum CPC of Arthrospira 

platensis when grown using red LEDs, whereas the blue light gave the lowest CPC 

content (Table 8.4 a). Conversely, most of the studies done on CPE production reported 

its maximum production under green light, however; in the current study CPE produced 

maximally under white light (Table 8.4 b). Similar results were shown by Ojit et al. 

(2015), where CPE produced maximally at white light instead of green in Anabaena 

circinalis. Furthermore, low intensity continuous light proved to be more efficient than 

day: night regimes. However the day: night regime of 16:08 hours with high intensity of 
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light proved as effective as low intensity of continuous light (Table 8.5 a and b). Maurya 

et al. (2014) also showed increased production of CPC with 16:8 photoperiod with high 

intensity light of 2000 Lux, whereas; incubation time also affects the production of CPC 

and CPE. In this study it was seen that the maximum CPC and CPE were produced at 

25th day after which their concentration gradually decreased. Similar results were shown 

by Akoglu et al. (2015).   

For the purification of CPC and CPE, single-step ammonium sulfate precipitation of 

protein crude extract was done with 65% ammonium sulfate which led to almost all of 

the pink pigment being precipitated out of the solution giving 89% yield of CPC and 

88% yield of CPE. This procedure was advantageous for CPC and CPE because it not 

only removed most of the unwanted proteins from the solution, but also concentrated 

CPC and CPE, aggrandizing the purity ratio of CPC from 0.94 to 1.2 and CPE from 0.84 

to 1.2. High concentration 128.25 and 76.29 mg g-1 of CPC and CPE was extracted from 

Oscillatoria sp. SI-SA and Nostoc sp. SI-SN at initial step. In Spirulina platensis, a 

commercially available strain for CPC, a concentration of 166.9 mg g-1 dry weight 

produced under red light have been reported previously (Chainapong et al., 2012) 

whereas Pandey and Pandey (2008) reported CPE concentration of 79.7 mg g-1 from  

Nostochopsis lobatus. The current strains Nostoc sp. SI-SN showed rarity in the 

production of high amounts of CPE as very rarely cyanobacteria produce this protein in 

high quantities (Munier et al., 2014). 

The dialysis of CPC and CPE gave a purity ratio of CPC to be 3.4 whereas; CPE had a 

purity ration of 2.82 with an overall yield of 95% and 88% respectively. This method as 

mentioned by Chakdar and Pabbi (2012) can be scaled up for large scale production of 

CPC and CPE for commercial applications. Various purity values of CPC and CPE using 

ammonium sulphate saturation, depending on strain of cyanobacterium were found. Patel 

et al. (2005) reported the purity values of 2.66, 1.62 and 1.46 for Spirulina sp., 

Phormidium sp. and Lyngbya sp., respectively. A purity value of 2.12 for CPC was found 

for Anabaena sp. (Hemlata et al., 2011). Lower PC purity values of 0.37 and 0.26 were 

reported for Nostoc muscorum and Aphanozomenon-flos-aquae respectively. CPC 

extracted from Oscillatoria sp. had a purity value of 1.26 (Soni et al., 2006). Whereas 

Mishra et al. (2011) showed increase in purity value of CPE up to 1.2 in 

Pseudoanabaena sp.  Anion-exchange chromatography further increased the purity ratios 

4.86 and 4.69 of both CPC and CPE respectively to analytical grade with overall yields 

of 28.2 and 15.2% of CPC and CPE respectively.  
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The absorption spectra of the CPC and CPE monomer and all aggregates exhibit a strong 

excited state band at ∼615 and ~562 nm respectively (Niels, 2008). Blue and pink 

colored pigments with single absorption maximum at 620 and 568nm with minor arm at 

545 nm confirmed that the extract contained CPC and CPE. Success of purification 

protocol was also revealed by UV/VIS spectra (Figure 8.10 a and b). A single peak at 

620 nm and 568 nm with minor arm at 545 nm suggested absorbance maxima of CPC 

and CPE respectively while the decrease in absorbance between 300-350 nm suggested 

the removal of other contaminants like mycosporine-like amino acids. Patel et al., (2005) 

reported that A260 nm and A280 nm indicate the contamination of extracted nucleic 

acids and aromatic amino acid rich proteins respectively. When CPC was scanned with a 

fluorescent spectrometer, the excitation and emission spectra showed an excitation peak 

at 620 nm and a very intense emission peak at 643 nm (Figure 8.10 a). The excitation 

and emission spectra of CPE showed an excitation peak at 568 nm and a very intense 

emission peak at 580 nm (Figure 8.10 b). These interesting properties of CPC from 

Oscillatoria sp. SI-SA and CPE from Nostoc sp. SI-SN needs further study, as it suggests 

possible high quantum yield from these proteins, which could be very beneficial in 

various biotechnological fields such as fluorescent probes in various immunological 

assays, flow cytometry, fluorescent microscopy, photosensitizers in photodynamic 

therapy and in solar cells to convert light into electricity (Pandey et al., 2013). There is 

currently no study done on the evaluation of quantum yield of CPE from cyanobacteria 

except for one in which it turned out to be 0.68 as compared with rhodamineB solution 

which has a quantum yield of 0.7 (Marinković et al., 2014).  

The molecular weight of subunits depends upon the species from where they were 

extracted. This might lead to slight variations in the molecular weights of the subunits. 

SDS-PAGE and NATIVE-PAGE analysis of CPC revealed that the apparent molecular 

mass of subunit was 16 kDa and 19 kDa for the α and β respectively. This is in 

agreement with the earlier reports where Niu et al. (2007) reported α and β subunits of 

18 kDa and 21 kDa from Arthrospira Platensis. Soni et al. (2006) α and β subunits from 

Phormidium fragile were found to be 19 kDa and 20 kDa respectively. Arthrospira sp 

and Arthronema africanum α and β subunits were found out to be 17 kDa and 19 kDa 

(Kamble et al., 2012 and Minkova et al., 2007). Pankaj et al., 2010) reported α and β 

subunits of 17 kDa and 20 kDa from Nostoc muscorum. The purity and subunit 

components of CPE were also analyzed which showed two subunits α and β of molecular 

weight 15kDa and 17kDa. Similar to the present study, Mishra et al. (2011) showed CPE 



Purification and Characterization C-Phycocyanin & C-Phycoerythrin Chapter 08 
 

317 
 

subunits of 18.6 and 17.6kDa from Pseudoanabaena sp. whereas, Ranjitha and Kaushik, 

(2005) showed subunits of 16.9kDa and 19.4kDa in Nostoc muscorum. The NATIVE-

PAGE of both CPC and CPE showed a single band when the gel was silver stained, 

suggesting the purity and integrity of the protein (Figure 8.11 a and b). The fluorescence 

of the native protein and its subunits stained with zinc acetate gave a single fluorescent 

band and two fluorescent subunits of both CPC and CPE when illuminated under UV 

light, confirming the presence of purified CPC and CPE.  

The FTIR spectroscopy revealed CPC and CPE for having α and β-sheets respectively as 

their dominant secondary structures (Figure 8.12 a and b). Similarly, Patel et al. (2005) 

showed CPC having amide I band at 1655 cm-1 with α-helix as its dominant structure in 

Spirulina platensis. Similarly, Mishra et al. (2011) showed FTIR of CPE from marine 

strain of Pseudoanabaena sp. having amide I band at 1643 cm-1 with β-sheets as its 

dominant structures. The FTIR spectroscopy when operates in mid infrared region of 

4000-400 cm-1 has been proven to be powerful tool for quantitative analysis of microbial 

pigments and proteins. The IR spectrum of CPC and CPE showed the presence peptide-

linkage pattern which indicates more characteristic features of phytochemical pigment 

like CPC and CPE. Furthermore, the FTIR spectrum did not show any other peaks, 

making CPC and CPE pure enough to be used as a functional food component.  

CPC and CPE are highly light, temperature and pH sensitive. So they must be stored in  

the dark in a buffered solution at an appropriate temperature and pH (Van der Vlugt et 

al., 2015; Kasinak et al., 2014). Since CPC and CPE are natural products and highly 

nutritious they are very prone to microbial degradation so for that matter, they were first 

subjected to filter sterilization. The stability of CPC and CPE was monitored at various 

pH and temperature conditions in 10 mM sodium phosphate buffer. CPC showed 

stability between pH range of 5.0-7.5 with only 4.49% degradation at pH 6.0 after 30 

days when the temperature was 4°C (Figure 8.14 B). Similar results were shown by 

Chaiklahan et al. (2012) where they also showed highest stability of CPC at pH 6.0 with 

only 2% degradation after 30 days. CPE however, showed wider stability between pH 

range of 5.0-8.5 with highest at pH 7.0 giving only 2.32% degradation after 30 days 

when the temperature was 4°C (Figure 8.14 D). Similarly, Ranjitha and Kaushik, (2005) 

also showed CPE to be stable between pH range of 5-9, whereas, Mishra et al. (2010), 

CPE remained stable at 5ᵒC for 30 days in presence of citric acid, however at higher 

temperature 46% protein remained in the solution. According to Hemlata and Fatma, 

(2009) buffers having extreme pH change the charge on the proteins due to internal 



Purification and Characterization C-Phycocyanin & C-Phycoerythrin Chapter 08 
 

318 
 

electrostatic attractions resulting in net positive charge. Due to this the proteins unfold 

and lose their hydration leading to denaturation. As far the temperature was concerned, 

CPC and CPE were seen highly unstable at higher temperatures with 95.18 and 91.51% 

degradation at 40°C after 30 days at pH of 7.0 respectively (Figure 8.14 A-D). 

Kannaujiya and Sinha, (2015) also showed CPC and CPE to be highly stable at 4ᵒC 

however in the presence of benzoic acid as a preservative as oppose to the current study.    

Free radicals like reactive oxygen species (ROS) have a noxious effect on cells and 

induce oxidative damage of DNA and other cellular components leading to cancer 

related mutations. Antioxidants play a major role in protection of human body against 

damage of ROS. Previous epidemiology studies have shown that intake of natural 

antioxidants can reduced the risk of cancer, diabetes and other disease associated with 

oxidative stress. PBPs of cyanobacteria are widely characterized for their in vitro and in 

vivo antioxidant activity. One study showed therapeutic activity CPE through 

antioxidation during in vitro digestion (Yabuta et al., 2010). In this study purified CPC 

and CPE at the highest concentration of 25μg ml-1 scavenged the free radical ABTS by 

87% and 86% respectively and showed antioxidant activity as good as the standard 

trolox which is a water soluble analogue of vitamin E. Pleonsil et al. (2013), however, 

showed that the antioxidant activity of CPC is greater than trolox. Delange and Glazer 

(1989) showed that CPE reacts with peroxyl radicals 100 folds slower than trolox and 

other vitamin E analogs, however in the current study CPE showed peroxyl radical 

scavenging efficiency as good as trolox. Since at least two methods are required for the 

measurement of antioxidant potential, so the radical scavenging ability of CPC and CPE 

was also measured with another free radical DPPH. CPC and CPE also scavenged DPPH 

efficiently in a dose dependent manner with 67% and 61% antioxidation activity at 

highest dose of 25 µg ml-1. However, when compared with ABTS a significantly higher 

EC50 value was recorded. CPC and CPE were also observed to be less efficient than 

ascorbic acid. Seo et al. (2013) showed antioxidant activity of 83% from CPC of 

Spirulina platensis when DPPH assay was applied. Similarly, Pumas et al. (2012) 

reported a higher activity of 80% with a heat stable CPE from Leptolyngbya sp. KC45 

with DPPH free radical.  

The purified CPC and CPE were also analyzed for their toxic effects on human normal 

lymphocytes to assess whether they were safe for human and animal consumption as 

nutraceuticals. CPC and CPE did not show any significant toxic effects on the 

lymphocytes. They also did not show any significant proliferation of lymphocytes, since 
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there was not any increase or decline in cell growth at any concentration. Many studies 

have shown non-toxic behavior of purified CPC in vitro and in vivo (Liu et al., 2016). 

Similar to the present study Chen et al. (2014) have also shown non-toxic activity 

towards LPS stimulated lymphocytes from purified CPC with the help of MTT assay. 

Similarly, Soni et al. (2010) also showed that CPE from cyanobacteria Phormidium 

tenue had no toxic effect on three human cell lines of skin fibroblast, karotinocyte and 

lung A549. They also showed non-toxic behavior of purified CPE when it was 

administered orally to male albino rats as there was no mortality or major clinical 

symptoms. Conversely, a study conducted by Pan et al. (2013) showed that 

phycoerythrin from red algae Porphyra haitanensis caused significant increase in 

lymphocyte proliferation with low cell toxicity on normal endothelial cells. Similar 

results were also shown by Minkova et al. (2011), where they showed proliferation of 

normal hamster bone marrow cells by phycoerythrin from red algae Porphyridium 

cruentum. Toxicity assessment of CPE from cyanobacteria is very essential since some 

cyanobacterial species produce potent toxins. The current purified CPC and CPE proved 

non-toxic in vitro that can be used for nutraceutical purposes. 
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CHAPTER: 09 

GENOTOXICITY, CLASTOGENICITY AND 

CHEMOPREVENTIVE ANALYSIS. 

Genotoxicity refers to the ability of a chemical substance to damage the DNA, which 

carries the genetic information within a cell which if remain unchecked may lead to 

cancers (Ferguson et al., 2015). Most often, genotoxicity is confused with mutagenicity 

however, while all mutagens are also genotoxic agents, not all genotoxic agents are 

mutagens (Jouyban and Parsa, 2012). A mutagen cause direct or indirect irreversible 

damage to the DNA that results in alterations in the sequence of the DNA by forming 

clastogenic or aneugenic lesions that are retained in the somatic cell divisions and passed 

on to the progeny in the germ cells (Swift and Golsteyn, 2014), whereas a genotoxic agent 

can damage the DNA by forming various lesions that can either lead to cell death or 

mutations unless they are repaired (Zona et al., 2014). The factors that can damage the 

integrity and stability of DNA include both endogenous sources like metabolic byproducts 

and exogenous sources of physical origin like cigarettes smoke, vehicle smoke, UV light, 

ionizing radiations and chemical sources like xenobiotics (e.g., chemotherapeutic drugs) 

which can lead to nearly a million genomic lesions per cell per day (Vernersson-Lindahl 

and Mills, 2010). These genomic lesions interfere with DNA transcription and replication 

which lead to cell cycle arrest, apoptosis, mutagenesis and cancers (Nowsheen and Yang, 

2012). Genotoxic agents are structurally and functionally diverse that damage DNA with 

various mechanisms that include; DNA base depurination, oxidation of DNA bases by 

ROS, DNA base deamination, base alkylation or methylation, addition of bulky DNA 

adducts, DNA-DNA cross-linking, covalent cross-linking of DNA-proteins and 

replication machinery blockage by single or double strand breaks (Figure 9.1) (Swift and 

Golsteyn, 2014). 

These genotoxic agents are damaging however, their damaging quality can be exploited in 

chemotherapies in treating complex diseases like cancers which involves abnormal 

regulation of cell cycles where DNA replication plays essential role (Vici et al., 2016). 

Chemotherapies have made remarkable progress with the development of new drugs and 

establishment of protocols with high efficacy in cancer treatment (Miki, 2010). There are 

many types of chemotherapeutic drugs depending on the type of cancer. The majority of  
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Figure 9.1:  Different types of DNA lesions after exposure to chemical or physical 

genotoxic or mutagenic agents. (Hoeijmakers, 2001). 
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them can be divided into alkylating agents, antimetabolites, anthracyclines, plant 

alkaloids, topoisomerase inhibitors, and other antitumor agents like: hormones, agonists, 

antagonists, biological agents and monoclonal antibodies (Ngov and Levin, 2016). There 

is no doubt about the fact that these drugs have a huge impact on curing the disease, 

however secondary carcinogenesis is a major problem in long term chemotherapies, 

because almost all anticancer agents exert DNA damage which leads to secondary 

cancers. Furthermore, many anticancer drugs kill cells regardless of whether they are 

normal or cancerous, so as a result normal functioning of the body is adversely affected 

due to loss of healthy cells (Fuchs-Tarlovsky et al., 2013). 

Indeed, most anticancer drugs kill their target cells at least partially through the 

generation of elevated amounts of intracellular ROS (Fuchs-Tarlovsky et al., 2013). 

Oxidative stress occurs in a cell or tissue when the amount of reactive oxygen species 

(ROS) generated exceeds the antioxidant capability of that cell (Nathan and Cunningham-

Bussel, 2013). An abnormal regulation of ROS plays important role in various 

pathological conditions like inflammation, pre-mature aging and cancer (Halliwel, 2012). 

Reactive oxygen species are produced either endogenously by normal cellular metabolism 

and oxidative phosphorylation or exogenously by infections, hormonal activities or 

xenobiotic chemicals (Bhattacharyya et al., 2014). ROS and particularly hydroxyl radicals 

can initiate the formation of more than 20 types of oxidative DNA damaging lesions, the 

most prevalent of which is the 8-oxoguanine (8-oxoG) lesion that causes G:C to T:A 

transversion mutations capable of carcinogenic initiation (Wells et al., 2010).  

The reduction of oxidative DNA damage by antioxidants has been evaluated as a 

chemotherapeutic approach for reducing damage caused by chemotherapy agents. 

Antioxidants are compounds that can counteract free radicals and prevent them from 

causing tissue and organ damage (Forman et al., 2014). They function through a variety 

of mechanisms: as preventative agents that suppress the formation of free radicals, as 

radical scavenging agents that inhibit chain initiation and/or propagation, as repair and de 

novo enzymes that repair and reconstitute cell membranes, and as adaptation agents that 

generate appropriate antioxidant enzymes and transfer them to the necessary site of action 

(Agarwal et al., 2012). Antioxidants must be present in the cellular system during free 

radical DNA damage whether through endogenous reactions or by consuming them 

through diet (Lobo et al., 2010).  

Nowadays, natural antioxidants have been in use to prevent DNA damage induced by 

antitumor-agents like DOX as a strategy to attenuate the toxicity of chemotherapy (Abbas 
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et al., 2014). This interest has increased considerably due to the need to replace synthetic 

antioxidants, which are being restricted by their carcinogenicity (Carocho and Ferreira, 

2013). These natural agents include natural products from herbal plants and algal sources. 

One such algal source is the cyanobacteria which produce certain antigenotoxic pigments 

like phycobiliproteins that have proven to protect DNA from free radical insults in vitro 

and in vivo models (Kamble et al., 2013). Antigenotoxic agents may help in the 

prevention or suppression of mutations and DNA damage; a property termed as 

chemoprevention and thus play important role in the reversion, suppression or prevention 

of carcinogenic progression into invasive cancers but most importantly, they play crucial 

role in attenuating the toxic effects of chemotherapeutic drugs (Landis-Piwowar and Iyer, 

2013). Chemopreventive agents present various action mechanisms that include anti-

initiation regimes like; repair, detoxification, suppression or deactivation of genotoxic 

agents, protecting DNA by blocking contact of genotoxic agents with the DNA, 

antioxidation or free radical scavenging, anti-promotion regimes like; immunity 

enhancement, inflammation reduction, high rate of apoptosis and decrease in angiogenesis 

(Steward and Brown, 2013).  

Despite the use of cyanobacterial extracts for treatments of ailments for centuries, it has 

also been shown that cyanobacterial extracts contain harmful compounds that have 

genotoxic properties such as Microcystin-LR (MC-LR), a potent hepatotoxin that causes 

cytogenotoxicity in HepG2, a human hepatoma cell line, increased DNA strand breaks, 

produce 8-hydroxydeoxiguanosine (8-OHdG) lesions and lipid peroxidation as well as 

LDH release by producing oxidative stress (Žegura, 2016; Nong et al., 2007). However, 

from a pharmacological point of view, the targeted bioactivities and characteristic 

physicochemical properties of cyanotoxins can be exploited into producing potent 

targeted cancer therapeutics (Zanchett and Oliveira-Filho, 2013). More specifically, 

cyanobacterial cyclopeptides share a pharmacophore structure that express targeted 

activity against metastatic cancers that express organic anion transporters (Kounnis et al., 

2015). Therefore, genotoxic testing is important to screen out cyanobacterial extracts 

capable of producing genotoxic as well as chemopreventive compounds.  

There are various genotoxicity tests that have been developed over the past decades that 

include various models like prokaryotic and eukaryotic in vitro and in vivo models and 

various endpoints testing like gene mutation, chromosome aberrations and DNA damage. 

In vitro genotoxicity test batteries recommended by regulatory authorities include at least 

two or three test procedures such as Ames test, mammalian cell chromosomal damage test 
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and mammalian cell mutation assay (Doak et al., 2012). In this chapter, genotoxicity of 

cyanobacterial extracts as well as chemopreventive activities of purified CPC and CPE 

will be evaluated by DNA nicking assay and DNA protection assay (prokaryotic genome), 

comet assay and chromosomal aberration assay (eukaryotic human genome). The 

mutagenic potential of cyanobacterial extracts have already been evaluated by Ames test 

in chapter 7. DNA damage marker 8-OHdG produced by doxorubicin and cyanobacterial 

AMC extracts will also be evaluated in this chapter along with chemopreventive effect of 

purified CPC and CPE against DOX induced DNA damage.    

Plasmid DNA Nicking Assay 

Plasmid DNA nicking assay is a rapid in vitro assay to assess DNA damage cause by 

genotoxic agents. The intrinsic DNA damage potential of 8 isolated cyanobacterial strains 

at highest non-cytotoxic concentrations of AMC extracts (determined by MTS assay in 

chapter 6) were investigated (Figure 9.2). It was observed that positive control 

doxorubicin (DOX) in L2 completely converted the supercoiled DNA into linear and 

nicked DNA subjecting it to double and single-strand breaks. On the other hand, 

cyanobacterial extracts of strains SI-SF, SI-SM and SI-SN shown in lane L8, L9 and L10 

also converted the supercoiled DNA into open circled nicked DNA and linear DNA 

subjecting it to single and double-strand breaks. The extracts of strains SI-ST and SI-SK 

represented in L4 and L7 respectively completely converted the supercoiled DNA into 

open circle nicked DNA which resulted in their ability to cause single strand breaks in the 

DNA. The extracts of strains SI-SV and SI-SC in L5 and L6 showed partial conversion of 

supercoiled DNA into nicked DNA partially producing single-stranded breaks. 

Conversely, the extracts of SI-SA in L11 did not show any DNA damaging effects on the 

supercoiled plasmid DNA rendering them non-genotoxic in vitro. The results showed that 

the AMC extracts of isolated cyanobacterial strains SI-SF, SI-SM and SI-SN are capable 

of causing multiple strand breaks due to generation of ROS abiotically, (i.e., without 

cells) which could partially if not entirely be the underlying mechanism for their possible 

role in cytotoxic activities. 

Plasmid DNA Protection Assay 

The DNA protection capacity of purified proteins CPC and CPE was investigated by 

applying H2O2-Fe+++ -ascorbate regime which lead to Fenton reaction that induced DNA 

damage in pUC18 plasmid DNA. Similar to the DNA nicking assay the DNA damage 
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topologies were classified and the extent of DNA protection was measured with stability 

of supercoiled topology of the plasmid DNA. The gel electrophoretic patterns generated 

by Fenton’s reagent (FR), positive control vitamin-C, varying concentrations of CPE and 

CPC are given in Figure 9.3. It was observed that in the presence of Fenton’s reagent (L2) 

fragmented DNA was generated with decrease in fluorescence intensity and shearing of 

the supercoiled DNA along with partial production of open circled nicked DNA as well as 

linear DNA. Positive control vitamin-C, at a concentration of 1mM, did not show any 

damaging effects on the DNA in the absence of FR (L3) however, when reacted with FR 

it completely converted the SC form into open circled nicked form failing to protect the 

DNA from the deleterious effects of free radicals produced during the reaction which 

showed its pro-oxidant ability in the presence of catalytic iron ions. On the other hand, 

when FR was added in the presence of CPE at concentration range of 3.3-25 µg ml-1, 

DNA was protected in a dose dependent manner (L5 - L9). The lowest dose at which it 

protected the DNA was 16.6 µg ml-1. At highest concentration of 33 µg ml-1 without FR, 

CPE did not show any damaging effects on the DNA. Similarly, CPC also protected the 

DNA with increasing dose when reacted with FR at a concentration range of 3.3-25 µg 

ml-1 (L10 - L15). At highest concentration of 33 µg ml-1 without FR, CPC also did not 

show any damaging effects on the DNA. When compared with chemoprotective capacity 

of CPE, CPC showed more potency as the lowest dose at which it protected the DNA was 

8.3 µg ml-1. By observing these results it is clear that the chemopreventive activities of 

CPC and CPE could partially if not entirely be due to their antioxidant and radical 

scavenging ability. 

Genotoxic and Chemopreventive Study by Alkaline Comet Assay 

An alkaline version of comet assay was adopted to detect the genotoxic effects of varying 

concentrations of cyanobacterial AMC extracts which also showed potent cytotoxicity 

and mutagenicity towards Artemia salina, chicken eggs, lymphocytes and cancer cells and 

Salmonella typhimurium mutant strains as investigated in chapter 6 and 7. Furthermore, 

comet assay was also used to investigate the chemopreventive activities of purified CPC 

and CPE against doxorubicin induced DNA damage. 

Genotoxic Investigation of Cyanobacterial Extracts  

The genotoxic behavior of the AMC extracts of 8 isolated cyanobacterial strains was 

assessed in normal lymphocytes for 24 hours. Four non-cytotoxic concentrations of the 
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Figure 9.2:   DNA Nicking Assay. Agarose gel electrophoresis pattern of pUC18 plasmid DNA 

treated with AMC extracts of 8 isolated indigenous cyanobacterial strains for 10 min. L1 

(untreated DNA), L2 (positive control doxorubicin 0.15 µg ml-1), L3 (vehicle control 0.2% 

DMSO), L4 (SI-ST extract 25 µg ml-1), L5 (SI-SV extract 500 µg ml-1), L6 (SI-SC extract 1000 

µg ml-1), L7 (SI-SK extract 100 µg ml-1), L8 (SI-SF extract 100 µg ml-1), L9 (SI-SM extract 10 

µg ml-1), L10 (SI-SN extract 10 µg ml-1), L11 (SI-SA extract 500 µg ml-1).   
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Figure 9.3:   DNA Protection Assay. Agarose gel electrophoresis pattern of pUC18 plasmid 

DNA treated with Fenton’s reagent (30mM H2O2, 50mM Ascorbic acid and 80mM FeCl3), 

vitamin-C 1mM and increasing concentrations of CPE and CPC ranging from 3.3 to 25 µg ml-1 

for 30 minutes along with the pipetting table. L9 and L14 consisted of 33 µg ml-1 of CPE and 

CPC only respectively. The volume of the reaction mixture was adjusted to 15 µl with sterile 

nuclease free water. 
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extracts were selected based on the data obtained from MTS cytotoxic assay as described 

in chapter 6. The control group consisted of negative control with no treatment to 

lymphocytes, vehicle control which included 0.2% DMSO and positive control which 

consisted of 0.15 µg ml-1 DOX. The results showed that the extracts caused significant 

DNA damage in a dose-dependent manner after 24 hours treatment with highest 

significant amount of DNA damage shown by Oscillatoria sp. SI-SF with 73.36% tail 

DNA at highest non-cytotoxic concentration of 100 µg ml-1 as compared with vehicle 

control which showed 2.3% damaged DNA in tail whereas the positive control DOX 

showed DNA damage of 80.57% (Figure 9.4 a). The extracts of Nostoc sp. SI-SN and 

Leptolyngbya sp. SI-SM also showed high and significant DNA with 67.34 and 64.35% 

damaged DNA in tail at highest non-cytotoxic concentration of 10 µg ml-1 as compared 

with vehicle control (Figure 9.4 a and b). Unicellular strains Chroococcidiopsis thermalis 

SI-ST and Oscillatoria sp. SI-SK showed equal amounts of DNA damage with 57.34 and 

57.09% damaged DNA in tail at highest non-cytotoxic concentrations of 25 and 100 µg 

ml-1 respectively (Figure 9.4 b and c). The extracts of Calothrix sp. SI-SV and 

Phormidium sp. SI-SC showed significantly low to moderate amount of genotoxicity with 

29.86 and 22.89% of damaged DNA only at highest non-cytotoxic concentration of 1000 

µg ml-1 (Figure 9.4 b and c). Conversely, the extracts of Oscillatoria sp. SI-SA showed 

significantly low genotoxicity of 15.37% at only high non-cytotoxic concentration of 

1000 µg ml-1. A common trend was seen in all the extracts that the highest DNA damage 

was caused when highest non-cytotoxic concentrations of the extracts were applied 

resulting in clear formation of hedgehog comets as seen in Figure 9.4 (a, b and c). The 

damage was most probably represented by double-strand breaks, single-strand breaks, 

alkali labile sites and breaks from replication events in the presence of genotoxic extracts. 

The extracts which showed significant genotoxicity also showed genotoxicity at relatively 

lower non-cytotoxic concentrations. The most potent genotoxicity was shown by extracts 

of Nostoc sp. SI-SN which showed significant genotoxicity even at low non-cytotoxic 

concentrations of 10 µg ml-1. Similarly, Leptolyngbya sp. SI-SM also showed significant 

genotoxicity even at low non-cytotoxic concentrations of 10 µg ml-1. Oscillatoria sp. SI-

SF although showed the highest percentage of genotoxicity but cause this damage as low 

as 25 µg ml-1 as compared with strains SI-SN and SI-SM which showed high potency by 

causing genotoxic effects at lower concentrations. The comet assay results showed that 5 

out of 8 cyanobacterial extracts were highly genotoxic which included Oscillatoria sp. SI-
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SF, Leptolyngbya sp. SI-SM, Nostoc sp. SI-SN, Oscillatoria sp. SI-SK and unicellular 

strain Chroococcidiopsis thermalis SI-ST. Phormidium sp. SI-SC and Calothrix sp. SI-SV 

were low to moderate genotoxic only at higher concentrations whereas Oscillatoria sp. 

SI-SA was mildly genotoxic only at higher concentration. 

Chemopreventive Investigation of Purified CPC and CPE 

To study the chemopreventive potential of purified CPC and CPE at three concentrations 

of 10, 25 and 50 µg ml-1 against 0.15 µg ml-1 (final concentration) of DOX induced DNA 

damage in cultured lymphocytes, three treatment regimens were adopted which included; 

pre-treatment which consisted of adding CPC and CPE 2 hours before addition of DOX; 

simultaneous treatment, in which CPC, CPE and DOX were treated together for 24 hours 

and post-treatment consisted of addition of CPC and CPE 2 hours after addition of DOX . 

CPC and CPE without DOX at final concentration of 10, 25 and 50 µg ml-1 were also 

tested for 24 hours to observe whether these proteins have any effects on the DNA. 

Negative control cultures received neither CPC and CPE nor DOX whereas positive 

control cultures received 0.15 µg ml-1 of DOX only. The results of the comet assay 

showed that CPC and CPE significantly (p < 0.0001) attenuated the DNA damaging 

effects caused by DOX in a dose dependent manner with more than 90% decrease at 

highest concentration of 50 µg ml-1 when pre- and simultaneous-treatments were applied. 

The DNA damage score significantly reduced when compared with DOX group. 

Conversely, post-treatment showed no significant decrease in DNA damage at all 

concentrations in case of both CPE whereas, CPC showed significant (p < 0.001) 

decrease in DNA damage at 25 and 50 µg ml-1 when compared with positive control DOX 

(Figure 9.5 a and b). When observing the percentage DNA damage by CPC, in pre-

treatment a dose-dependent decrease in percentage tail DNA was observed with lowest 

DNA damage of 4.15% at 50 µg ml-1 by CPC which showed significant difference (p < 

0.001) when compared with positive control DOX which showed 80.57% DNA damage. 

Simultaneous-treatment showed 4.3% DNA damage by CPC at highest concentration of 

50 µg ml-1 whereas in post-treatment 38.01% DNA damage by CPC at highest 

concentration of 50 µg ml-1 was recorded. This showed that all the three treatments with 

CPC were significantly effective in the attenuation of damaged DNA (Figure 9.5a). CPC 

protein without DOX treatment showed only 2.40% DNA damage with no significant 

difference from negative control which confirmed its non-genotoxic nature.  
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Figure 9.4 a:   Percentage DNA damage and representative comet images of lymphocytes after 24 

hours treatment with negative control (NC, no treatment), vehicle control (VC, 0.2% DMSO), 

positive control doxorubicin (DOX) and four different concentrations of cyanobacterial extracts. 

Data represents mean ± SEM of three independent experiments with n=50 comets/nuclei scored per 

slide. Asterisk (*) indicates p< 0.05 when the treatment group was compared with the vehicle 

control by applying one-way ANOVA with Dunnett’s multiple comparison tests.  

 10 µg/ml         100 µg/ml        500 µg/ml     1000 µg/ml          

Increasing concentration. 

Oscillatoria sp. SI-SA extracts 

Comet assay Control group 

         NC                         VC                     DOX 0.15 
µg/ml        
 

Oscillatoria sp. SI-SF extracts 

   10 µg/ml         25 µg/ml          50 µg/ml        100 µg/ml          

Increasing concentration. 

Oscillatoria sp. SI-SK extracts 

  10 µg/ml          25 µg/ml         50 µg/ml        100 µg/ml          

Increasing concentration. 
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Figure 9.4 b:   Percentage DNA damage and representative comet images of lymphocytes after 

24 hours treatment with negative control (NC, no treatment), vehicle control (VC, 0.2% DMSO) 

and four different concentrations of cyanobacterial extracts. Data represents mean ± SEM of three 

independent experiments with n=50 comets/nuclei scored per slide. Asterisk (*) indicates p< 0.05 

when the treatment group was compared with the vehicle control by applying one-way ANOVA 

with Dunnett’s multiple comparison tests.  

 

 

 

Leptolyngbya sp. SI-SM extracts 

  0.5 µg/ml           1 µg/ml            5 µg/ml          10 µg/ml          

Increasing concentration. 

Phormidium sp. SI-SC extracts 

 10 µg/ml          100 µg/ml         500 µg/ml       1000 µg/ml          

Increasing concentration. 

Nostoc sp. SI-SN extracts 

  0.5 µg/ml            1 µg/ml            5 µg/ml          10 µg/ml          

Increasing concentration. 
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Figure 9.4 c:   Percentage DNA damage and representative comet images of lymphocytes after 

24 hours treatment with negative control (NC, no treatment), vehicle control (VC, 0.2% DMSO) 

and four different concentrations of cyanobacterial extracts. Data represents mean ± SEM of 

three independent experiments with n=50 comets/nuclei scored per slide. Asterisk (*) indicates p 

< 0.05 when the treatment group was compared with the vehicle control by applying one-way 

ANOVA with Dunnett’s multiple comparison tests. 

 

 

 

 

 

 

 

 

Calothrix sp. SI-SV extracts 

 10 µg/ml         100 µg/ml         500 µg/ml       1000 µg/ml          

Increasing concentration. 

Chroococcidiopsis thermalis sp. SI-ST extracts 

  1 µg/ml            5 µg/ml          10 µg/ml           25 µg/ml          

Increasing concentration. 
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When observing the percentage DNA damage attenuated by CPE, in pre-treatment a dose-

dependent decrease in percentage tail DNA was observed with lowest DNA damage of 

7.5% at 50 µg ml-1 which showed significant difference (p < 0.001) when compared with 

positive control DOX which showed 80.57% DNA damage. In simultaneous-treatment 

8.95% DNA damage by CPE at highest concentration of 50 µg ml-1 was recorded 

however, when post-treatment was applied 69.51% DNA damage by CPE at highest 

concentration of 50 µg ml-1 was recorded with no significant difference (p > 0.05) from 

the positive control. This showed that out of all the treatment regimens, the pre and 

simultaneous-treatments with CPE against doxorubicin induced DNA damaged were the 

significantly effective in the attenuation of damaged DNA (Figure 9.5b). The CPE protein 

without DOX treatment showed only 4.08% DNA damage with no significant difference 

from the negative control which showed its non-genotoxic nature. 

When the efficiency of CPC and CPE was compared in pre-treatment regime, it was 

observed that CPC showed more potent chemopreventive activity than CPE. The results 

showed that CPC and CPE can protect the DNA from adverse effects of antineoplastic 

drug DOX and showed their potent chemopreventive activity and non-genotoxic nature. 

Chromosomal Aberration Assay 

The in vitro chromosomal aberration assay was applied to measure the clastogenic 

potential of AMC extracts of 8 cyanobacterial isolates. DOX 0.15 µg ml-1 was used as a 

positive control whereas, 0.2% DMSO was used as a vehicle control. The test was 

performed with normal heparinized whole blood isolated from a young and healthy donor. 

The cell cultures were incubated for 72 hours. The treatment was given in triplicate with 

increasing non-cytotoxic concentrations of AMC extracts for 24 hours. Since whole blood 

cultures display many properties common with the liver microsomal cytochrome P450 

system (Pakharukova et al., 2015), no external metabolizing enzymes were added. 

Furthermore, this test was also used to investigate the anti-clastogenic potential of isolated 

and purified chromo-proteins CPC and CPE against DOX induced chromosomal damage. 

In case of anti-clastogenic potential of CPC and CPE, three treatments were investigated 

with highest concentration of 50 µg ml-1 which included: pre, simultaneous and post- 

treatment for 24 hours. Chromosomal aberrations were scored in 200 metaphase-arrested 

cells for each treatment (600 cells per sample). Mitotic-index (MI) of 2000 cells was 

recorded. Only structural aberrations were recorded as in this test artefactual loss of  
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Figure 9.5 a:  Chemopreventive effect of purified CPC against doxorubicin induced DNA damage in 

lymphocytes and their representative comet images with pre-treatment, simultaneous treatment and post 

treatment. Data represents mean ± SEM of three independent experiments with n=50 comets/nuclei scored 

per slide. Asterisk (*) indicates p< 0.05 when the treatment group was compared with DOX by applying 

one-way ANOVA with Dunnett’s multiple comparison test.  
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Figure 9.5 b: Chemopreventive effect of purified CPE against doxorubicin induced DNA damage in 

lymphocytes and their representative comet images with pre-treatment, simultaneous treatment and post 

treatment. Data represents mean ± SEM of three independent experiments with n=50 comets/nuclei scored 

per slide. Asterisk (*) indicates p< 0.05 when the treatment group was compared with DOX by applying 

one-way ANOVA with Dunnett’s multiple comparison test. 
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chromosome may occur which could lead to false positive numerical chromosomal 

aberrations. Metaphase cells were scored and categorized into chromosome-type (CSA), 

chromatid-type, pulverized cells and multiple aberrations according to international system 

for human cytogenetic nomenclature (ISCN), (Shaffer et al., 2013). Significant difference 

was recorded against vehicle control in case of clastogenicity of cyanobacterial extracts and 

DOX in case of anti-clastogenicity of purified CPC and CPE against DOX-induced 

chromosomal damage. 

Clastogenic Effects of Cyanobacterial AMC Extracts  

When chromosomal aberration assay was applied, 5 cyanobacterial extracts of strains out of 

8 showed significant (p < 0.0001) clastogenicity in normal cultured lymphocytes in a dose 

dependent manner with highest percentage of 62.83% shown at highest concentration of 100 

µg ml-1 by the extract of Oscillatoria sp. SI-SF with high mitotic index (MI) of 12.62% as 

compared with vehicle control which showed percentage clastogenicity of 4.0% with high 

mitotic index (MI) of 14.01%. The negative control showed percentage clastogenicity of 

3.08% with highest MI of 14.19% whereas positive control (0.15 µg ml-1 DOX) showed 

very high clastogenicity of 71.0% with lowest MI of 7.26% which gave indication of cell 

cycle arrest due to heavy damage (Table 9.1 a, b and c) (Figure 9.6 a). DOX treatment 

showed high amount of chromatid and chromosome-type aberrations with higher number, 

232/600 cells of chromosome-type aberrations as compared with chromatid-type aberrations 

which gave 194/600 cells with highest amount of chromatid and chromosomal gaps and 

breaks followed by acentric fragment, ring, triradial and quadradial type of chromosomal 

aberrations. The extract of Oscillatoria sp. SI-SF at highest concentration of 50 µg ml-1 

showed high number 214/600 of chromatid-type aberrations with much contribution from 

chromatid gaps and breaks followed by triradial and quadradial aberrations (Table 9.1 a, b 

and c) (Figure 9.6 b) whereas 163/600 cells displayed chromosome-type aberrations with 

much contributions by chromosomal gaps, deletions and acentric fragments. The extracts of 

Oscillatoria sp. SI-SK and Chroococcidiopsis thermalis SI-ST also showed similar results in 

a dose dependent manner having significantly (P < 0.0001) high percentage 49.7% and 

44.2% of clastogenicity with MI of 12.27% and 9.97% at highest concentrations of 100 and 

10 µg ml-1 respectively as compared with the vehicle control. They also showed high 

numbers 185/600 and 177/600 of cells with chromatid-type aberrations respectively with 

much contribution from gaps and breaks followed by triradials in case of SI-SK and sister 

chromatid unions in case of SI-ST as compared with chromosome-type aberrations which 
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gave 113/600 cells in SI-SK and 88/600 cells in SI-ST respectively with much contribution 

from chromosomal gaps, deletions and acentric fragments (Table 9.1 a, b and c) (Figure 9.6 

c, d and e). The extracts of Leptolyngbya sp. SI-SM also showed significantly high (P < 

0.0001) percentage of clastogenicity closely followed by extract of Nostoc sp. SI-SN in a 

dose dependent manner showing 36.5 and 35.5% of chromosomal aberrations with 

comparatively low MI of 9.32% and 8.64% at highest non-cytotoxic concentrations of 10 µg 

ml-1 each. The dominant aberrations recorded from the extracts of these strains were of 

chromatid-types having high number 138/600 of aberrant cells in SI-SM and 144/600 cells 

in SI-SN with much contribution from chromatid-gaps and breaks followed by chromatid 

single-minutes in case of SI-SM and triradials in case of SI-SN as compared with 

chromosome-type which gave 81/600 cells in SI-SM and 69/600 cells in SI-SN respectively 

with much contribution from chromosomal gaps and deletions (Table 9.1 a and b) (Figure 

9.6 c and d). The extracts of Calothrix sp. SI-SV and Phormidium sp. SI-SC gave 

significantly (p < 0.0001 and 0.001) low clastogenicity only at highest concentration of 

1000 µg ml-1 showing 8.2% and 5.16% of clastogenicity with high MI of 12.16% and 

12.68% respectively. The dominant aberrations recorded from the extracts of these strains 

were of chromatid-types with comparatively low number of 32/600 cells in case of SI-SV 

and 18/600 cells in case of SI-SC as compared with chromosome-type which gave 17/600 

cells in SI-SV and 13/600 cells in SI-SC respectively with much contribution from gaps and 

breaks (Table 9.1 a, b and c) (Figure 9.6 b). Conversely, the extract of Oscillatoria sp. SI-

SA did not show any significant clastogenicity at all concentrations and showed high MI of 

13.36% showing high cell proliferation. Whatever little clastogenicity recorded was shown 

by chromatid-type aberrations with very low number of 16/600 cells followed by 

chromosomal-type aberrations with 12/600 cells with contribution from only gaps and 

breaks at highest concentration of 1000 µg ml-1 (Table 9.1 a, b and c) (Figure 9.6 b). In all 

the significantly positive clastogenic extracts high numbers of multiple aberrant metaphases 

(Mabs) were also recorded with maximum number shown by DOX and Oscillatoria sp. SI-

SF followed by extracts of SI-SK, SI-ST, SI-SM and SI-SN with 102, 93, 87, 73, 49 and 

44/600 cells respectively at their highest non-cytotoxic concentrations. Conversely, the 

extracts of SI-SV, SI-SC and SI-SA did not show any Mabs at all concentrations. Pulverized 

cells were only seen in small numbers in positive control DOX treatment whereas none of 

the test samples had shown any pulverization of the cells. Various types of chromosomal 

aberrations are shown in Figure 9.6 (a, b, c, d and e). Overall 5 out of 8 cyanobacterial 
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extracts showed both chromatid and chromosome-type aberrations with dominance of 

chromatid-type aberrations which showed their significant and high potential for causing 

genotoxicity and mutations in both G0/G1 and S/G2 phases and thus the extracts were 

classified under potentially high risk genotoxic and mutagenic agents. The extracts of 

Phormidium sp. SI-SC and Calothrix sp. SI-SV showed moderate to low clastogenic 

potential respectively which classifies them under low risk genotoxic and mutagenic agents. 

Conversely, the extract of Oscillatoria sp. SI-SA showed non-clastogenic potential 

classifying it to be non-mutagenic.  

 

Anti-clastogenic Investigation of Purified CPC and CPE 

To assess the anti-clastogenic or chemopreventive potential of purified CPC and CPE, 

highest effective dose of 50 µg ml-1 obtained from comet assay was applied against 

chromosomal damage induced by 0.15 µg ml-1 of DOX in three treatment regimens which 

included pre-treatment, simultaneous-treatment and post-treatment. Purified CPC showed 

significant (p < 0.0001 and p < 0.01) anti-clastogenicity when all three treatment regimens 

were applied whereas CPE showed significant (p < 0.0001) anti-clastogenicity only when 

pre and simultaneous-treatment regimens were applied against DOX induced chromosomal 

damage. CPC showed 17.0% and 19.83% total chromosomal aberrations with high MI of 

12.74% and 12.59% in case of pre and simultaneous-treatments respectively whereas in case 

of post-treatment a comparatively higher percentage (44.5%) of total chromosomal 

aberrations were recorded with slightly low MI of 10.86%. CPE showed 19.5% and 22.83% 

total chromosomal aberrations with also high MI of 11.94 and 11.63% when pre and 

simultaneous-treatment regimens were applied respectively whereas 62% chromosomal 

aberrations were recorded with low MI of 8.82% in case of post-treatment. Comparatively, 

positive control DOX showed 71.0% chromosomal aberrations with low MI of 7.26% 

(Table 9.2 a, b and c) (Figure 9.7 a). 

The results of types of chromosomal aberrations showed that CPC and CPE produced more 

chromatid-type aberrations when pre-, simultaneous- and post-treatments were applied. In 

case of CPC chromatid-type aberrations produced 55/600 cells with pre-treatment and 

62/600 cells with simultaneous- treatment whereas post-treatment produced 153/600 cells as 

compared with chromosome-type aberrations which showed 47/600 cells with pre-treatment, 

57/600 cells with simultaneous-treatment and 114/600 cells with post-treatment with much 

contributions from chromatid and chromosomal gaps and deletions in all the three cases 
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Table 9.1 a: Chromatid-type aberrations in cultured whole blood treated with doxorubicin non-cytotoxic concentrations of 

cyanobacterial extracts.  

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

Chromatid-type Aberrations Total CTA/600 cells 

Mean ± SEM Ctg Ctb Cte 

Ctdel Ctmin Tr Qr Su Cpx 

NC Nt 4 ± 0.08 8 ± 0.07 0 0 0 0 0 12 ± 0.06 

VC 0.2% 

DMSO 

8 ± 0.43 6 ± 0.06 0 0 0 0 0 14 ± 0.43 

DOX (PC) 0.15 68 ± 2.43 64 ± 2.23 12 ± 3.11 17 ± 2.21 13 ± 2.43 9 ± 2.22 11 ± 2.12 194 ± 3.73 

SI-SA extracts 100 

500 

1000 

8 ± 0.09 

8 ± 0.21 

9 ± 0.32 

5 ± 0.35 

6 ± 0.42 

7 ± 0.36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 ± 0.22 

14 ± 0.43 

16 ± 0.24 

SI-SF extracts 25 

50 

100 

56 ± 1.43 

66 ± 1.98 

72 ± 1.98 

63 ± 1.82 

61 ± 1.43 

64 ± 2.11 

7 ± 0.92 

9 ± 1.35 

29 ± 2.34 

12 ± 1.24 

22 ± 1.76 

10 ± 2.63 

3 ± 0.41 

17 ± 1.43 

18 ± 2.12 

7 ± 1.02 

12 ± 1.13 

15 ± 1.02 

3 ± 0.08 

11 ± 0.06 

6 ± 1.44 

151 ± 2.74 

198 ± 2.96 

214 ± 2.82 

SI-SK extracts 25 

50 

100 

48 ± 0.16   

61 ± 0.45 

65 ± 0.25 

 52 ± 0.39   

59 ± 0.39 

69 ± 0.45 

6 ± 0.12   

12 ± 0.32 

14 ± 0.35 

4 ± 0.36   

7 ± 0.09 

15 ± 0.12 

6 ± 0.36   

10 ± 0.08 

11 ± 0.10 

3 ± 0.36   

6 ± 0.05 

9 ± 0.08 

1 ± 0.36   

2 ± 0.02 

2 ± 0.06 

120 ± 0.28 

157 ± 0.16 

185 ± 0.16 

Key: Ctg, chromatid gap;  Ctb, chromatid break;  Ctdel, chromatid deletions;  Ctmin, chromatid single minute; Cte, chromatid exchange; Tr, triradial; Qr, 

quadradial; Su, sister union; Cplx, complex type. CTA, chromatid aberrations, NC = negative control (Nt, No treatment), VC = vehicle control 0.2% DMSO, 

PC, positive control DOX. Data represents mean ± SEM of three technical replicates with 200 metaphases scored per treatment (600 cells per sample). 
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Table 9.1 a:    Chromatid-type aberrations in cultured whole blood treated with doxorubicin, highest non-cytotoxic concentrations of 

cyanobacterial extracts. (Continue…..). 

 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

Chromatid-type Aberrations Total CTA/600 cells 

Mean ± SEM Ctg Ctb Cte 

Ctdel Ctmin Tr Qr Su Cpx 

SI-SM extracts 1 

5 

10 

48 ± 0.32 

56 ± 0.32 

58 ± 1.21 

44 ± 0.32 

48 ± 0.52 

53 ± 1.02   

4 

7 ± 0.10 

8 ± 0.10 

2 

3 ± 0.09 

4 ± 0.12 

0 

4 ± 0.08 

6 ± 0.31   

0 

4 ± 0.12 

4 ± 0.22 

0 

3 ± 0.11 

5 ± 0.21   

98 ± 0.12 

125 ± 0.52 

138 ± 0.37 

SI-SC extracts 100 

500 

1000 

9 ± 0.31 

7 ± 0.87 

10 ± 0.53 

7 ± 0.08 

9 ± 0.28 

8 ± 0.36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 ± 1.43 

16 ± 1.66  

18 ± 0.32 

SI-SN extracts 1 

5 

10 

37 ± 0.54  

54 ± 0.34 

58 ± 0.34 

41 ± 0.43 

47 ± 0.32 

53 ± 0.32 

4 ± 0.14 

6 ± 0.24 

7 ± 0.24 

6 ± 0.44 

7 ± 0.17 

8 ± 0.17 

6 ± 0.12 

6 ± 0.12 

4 ± 0.12 

5 ± 0.11 

8 ± 0.21 

5 ± 0.21 

2 ± 0.07 

4 ± 0.08 

9 ± 0.08 

101 ± 0.78 

132 ± 0.25 

144 ± 0.25 

SI-SV extracts 100 

500 

1000 

11 ± 0.08 

14 ± 0.77 

18 ± 0.23 

9 ± 0.07 

12 ± 0.53 

16 ± 0.13 

0 

0 

2 ± 0.21 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 ± 0.87 

26 ± 0.63 

32 ± 0.27 

SI-ST extracts 5 

10 

25 

55 ± 1.03 

62 ± 1.89 

67 ± 2.11 

47 ± 1.42 

67 ± 1.36 

73 ± 1.68 

5 ± 0.08 

7 ± 0.31 

11 ± 0.57 

2 ± 0.06 

4 ± 0.05 

6 ± 1.23 

3 ± 0.05 

4 ± 0.07 

7 ± 0.87 

0  

3 ± 0.08 

11 ± 0.89 

0 

0 

2 ± 0.06 

112 ± 1.91 

147 ± 1.43 

177 ± 1.88 

Key: Ctg, chromatid gap;  Ctb, chromatid break;  Ctdel, chromatid deletions;  Ctmin, chromatid single minute; Cte, chromatid exchange; Tr, triradial; Qr, 

quadradial; Su, sister union; Cplx, complex type. CTA, chromatid aberrations, NC = negative control (Nt, No treatment), VC = vehicle control 0.2% DMSO, 

PC, positive control DOX. Data represents mean ± SEM of three technical replicates with 200 metaphases scored per treatment (600 cells per sample). 
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Table 9.1 b:  Chromosome-type aberrations in cultured whole blood treated with doxorubicin and non-cytotoxic concentrations of 

cyanobacterial extracts. 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

 Chromosome-type Aberrations Total CSA/600 

cells 

Mean ± SEM 

Csg Csb Cse 

Csdel Dmin R Ace Dc Mc 

NC Nt 4 ± 0.08  3 ± 0.04 0 0 0 0 0 7 ± 0.08 

VC 0.2% 

DMSO 

6 ± 0.43 4 ± 0.07 0 0 0 0 0 10 ± 0.43 

DOX (PC) 0.15 53 ± 3.87 59 ± 2.32 9 ± 1.44 42 ± 3.22 45 ± 2.31 18 ± 1.55 6 ± 1.01 232 ± 2.66 

SI-SA extracts 100 

500 

1000 

6 ± 0.12   

7 ± 0.15 

6 ± 0.35 

5 ± 0.07 

5 ± 0.08 

6 ± 0.32 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 ± 0.21 

12 ± 0.24 

12 ± 0.22 

SI-SF extracts 25 

50 

100 

19 ± 0.12   

45 ± 0.11   

49 ± 1.63 

29 ± 0.27   

48 ± 0.24   

54 ± 1.55 

4 ± 0.07   

6 ± 0.11   

9 ± 0.12 

2 ± 0.06   

3 ± 0.09   

6 ± 0.98 

17 ± 0.17   

23 ± 0.21   

33 ± 1.03 

3 ± 0.13   

7 ± 0.20   

12 ± 0.98 

0 

0 

0 

74 ± 0.18   

132 ± 0.22   

163 ± 1.12 

SI-SK extracts 25 

50 

100 

11 ± 0.20 

23 ± 0.13 

38 ± 0.23 

12 ± 0.06 

29 ± 0.28 

44 ± 0.23 

4 ± 0.05 

6 ± 0.36 

8 ± 0.32 

6 ± 0.09 

7 ± 0.09 

7 ± 0.13 

5 ± 0.11 

9 ± 0.21 

12 ± 0.26 

2 ± 0.12 

4 ± 0.08 

4 ± 0.07 

0 

0 

0 

40 ± 0.21 

78 ± 0.37 

113 ± 0.32 

Key: Csg, chromosome gap; Csb, chromosome break; Csdel, chromososme deletion; Dmin, double minute; Cse; chromosome exchange; Ace, acentric 

fragment; R, acentric and centric rings; Dc, dicentric; Mc, multicentric. CSA, chromosomal aberrations; NC, negative control (Nt, No treatment); VC, vehicle 

control 0.2% DMSO, PC, positive control DOX. Data represents mean ± SEM of three technical replicates with 200 metaphases scored per treatment (600 

cells per sample). 
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Table 9.1 b:  Chromosome-type aberrations in cultured whole blood treated with doxorubicin, highest non-cytotoxic concentrations of 

cyanobacterial extracts. (Continue…..). 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

 Chromosome-type Aberrations Total CSA/600 

cells 

Mean ± SEM 

Csg Csb Cse 

Csdel Dmin R Ace Dc Mc 

SI-SM extracts 1 

5 

10 

9 ± 0.12 

17 ± 0.08 

28 ± 0.32 

6 ± 0.15 

26 ± 0.33 

32 ± 0.52   

3 ± 0.08 

7 ± 0.09 

6 ± 0.10 

0 

6 ± 0.08 

4 ± 0.12 

3 ± 0.20 

6 ± 0.15 

9 ± 0.31   

0 

4 ± 0.21 

2 ± 0.22 

0 

0 

0 

21 ± 0.21 

66 ± 0.28 

81 ± 0.24 

SI-SC extracts 100 

500 

1000 

4 ± 0.03 

5 ± 0.12 

6 ± 0.43 

5 ± 0.07 

5 ± 0.14 

7 ± 0.65 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 ± 0.14 

10 ± 0.26 

13 ± 0.65 

SI-SN extracts 1 

5 

10 

9 ± 0.11 

20 ± 0.24 

24 ± 0.24 

7 ± 0.14 

14 ± 0.25 

18 ± 0.32 

3 ± 0.07 

5 ± 0.11 

8 ± 0.21 

0 

6 ± 0.07 

7 ± 0.10 

3 ± 0.08 

5 ± 0.05 

9 ± 0.14 

0 

3 ± 0.06 

3 ± 0.08 

0 

0 

0 

22 ± 0.23 

53 ± 0.26 

69 ± 0.31 

SI-SV extracts 100 

500 

1000 

6 ± 0.03 

8 ± 0.07 

11 ± 0.43 

3 ± 0.04 

4 ± 0.13 

7 ± 0.33 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 ± 0.14 

12 ± 0.22 

17 ± 0.78 

SI-ST extracts 5 

10 

25 

19 ± 0.26   

21 ± 0.28   

27 ± 0.43 

24 ± 0.27   

28 ± 0.31   

34 ± 0.24 

3 ± 0.02   

6 ± 0.13   

9 ± 0.08 

0 

2 ± 0.07   

3 ± 0.06 

5 ± 0.04   

7 ± 0.16   

13 ± 0.12 

0 

2 ± 0.02   

2 ± 0.07 

0 

0 

0   

51 ± 0.16   

66 ± 0.27   

88 ± 0.43 

Key: Csg, chromosome gap; Csb, chromosome break; Csdel, chromososme deletion; Dmin, double minute; Cse; chromosome exchange; Ace, acentric 

fragment; R, acentric and centric rings; Dc, dicentric; Mc, multicentric. CSA, chromosomal aberrations; NC, negative control (Nt, No treatment); VC, vehicle 

control 0.2% DMSO, PC, positive control DOX. Data represents mean ± SEM of three technical replicates with 200 metaphases scored per treatment (600 

cells per sample). 
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Table 9.1 c: Percentage total chromosomal aberrations and mitotic index along with 

pulverized and multi-aberrant cells shown by DOX, VC, cyanobacterial extracts. 

  

A total of 200 metaphases were scored per treatment (600 cells per sample). Total of 2000 cells 

per culture were analyzed for mitotic index. Asterisk indicate significant difference from vehicle 

control (p < 0.05*), (p < 0.001**), (p < 0.0001***) by applying one-way ANOVA with 

Dunnett’s multiple comparison test. 

 

 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

Pvz Mabs Total % 

Chromosomal 

Aberrations 

Mean ± SEM 

Mitotic Index 

(MI) % 

Mean ± SEM 

NC Nt 0 0 3.2 ± 0.07 14.19 ± 0.43 

 

VC 

 
0.2% 

DMSO 

 

0 

 

0 
 

4.0 ± 0.94 

 

14.05 ± 0.66 

 

DOX (PC) 

 

0.15 

 

3 ± 0.52 

 

102 ± 0.98 

 

71.0 ± 0.543*** 

 

7.26 ± 0.42*** 

SI-SA extracts 100 

500 

1000 

0 

0 

0 

0 

0 

0  

4.0 ± 0.25 

4.33 ± 0.86 

4.66 ± 0.58 

13.84 ± 0.14 

13.76 ± 0.26 

13.36 ± 0.32 

SI-SF extracts 25 

50 

100 

0 

0 

0 

27 ± 0.36 

48 ± 0.42 

93 ± 0.77 

37.5 ± 0.44*** 

55.0 ± 0.32*** 

62.83 ± 1.23*** 

12.98 ± 0.28  

12.87 ± 0.34   

12.62 ± 0.31 

SI-SK extracts 25 

50 

100 

0 

0 

0 

21 ± 0.75 

38 ± 0.75 

87 ± 1.25 

26.7 ± 0.34*** 

39.2 ± 1.21*** 

49.7 ± 1.07*** 

12.32 ± 0.36   

11.89 ± 0.22 

11.27 ± 0.32 

SI-SM extracts 1 

5 

10 

0 

0 

0 

24 ± 0.31 

33 ± 0.35 

49 ± 1.02 

19.83 ± 0.32*** 

31.83 ± 0.28*** 

36.5 ± 1.21*** 

11.01 ± 0.26 

9.71 ± 0.37 

9.32 ± 0.24*** 

SI-SC extracts 100 

500 

1000 

0 

0 

0 

0 

0 

0 

4.2 ± 0.45 

4.33 ± 1.09 

5.16 ± 0.06** 

13.54 ± 0.12   

12.95 ± 0.14 

12.68 ± 0.23* 

SI-SN extracts 1 

5 

10 

0 

0 

0 

18 ± 0.22 

26 ± 0.55 

44 ± 0.43 

20.5 ± 1.05*** 

30.8 ± 0.31*** 

35.5 ± 1.22*** 

10.32 ± 0.15*** 

8.89 ± 0.41*** 

8.59 ± 0.33*** 

SI-SV extracts 100 

500 

1000 

0 

0 

0 

0 

0 

0 

4.83 ± 0.09 

6.3 ± 0.17 

8.2 ± 0.17*** 

13.21 ± 0.12 

12.98 ± 0.17 

12.16 ± 0.33** 

SI-ST extracts 5 

10 

25 

0 

0 

0 

12 ± 0.13 

33 ± 0.78 

73 ± 0.78 

27.2 ± 0.36*** 

35.5 ± 0.28*** 

44.2 ± 0.31*** 

10.13 ± 0.35*** 

10.11 ± 0.43*** 

9.97 ± 0.27*** 
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          (A).  (B).  (C).    

 

             (D).  (E).  (F).  

 

Figure 9.6 a:    Metaphase spread of lymphocytes, control group. (A). Negative control without treatment. (B) Vehicle control with 0.2% DMSO. (C-F) Positive control 

DOX (0.15 µg ml-1) showing various aberrations. 1, acentric fragments; 2, dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric 

ring; 8, sister union; 9, quadradial; 10, chromatid intra-exchange; 11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, 

chromosome gap. Complex type aberration; multiple aberrations;  heavily damaged cell; pulverized cell.                    
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      (A).  (B). (C).  

      (D). (E).  (F).  

Figure 9.6 b:    Metaphase spread of lymphocytes after treatment with cyanobacterial AMC extracts. (A) SI-SA. (B). SI-SC (C-F) SI-SF. Key: 1, acentric 

fragments; 2, dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra 

exchange; 11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap.                                                                                           

Complex type aberration; multiple aberrations;  heavily damaged cell; pulverized cell.                    
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           (A).       (B). (C).       

           (D).  (E).   (F).      

Figure 9.6 c:    Chromosomal aberrations assay in normal lymphocytes cyanobacterial extracts. (A-B) SI-SV. (C-F). SI-SK. Key: 1, acentric fragments; 2, 

dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra-exchange; 

11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap. Complex type aberration; multiple 

aberrations;  heavily damaged cell; pulverized cell. 
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(A).     (B).      (C).  

(D).         (E).            (F).   

Figure 9.6 d:    Chromosomal aberrations assay in normal lymphocytes cyanobacterial extracts. (A-C) SI-SM (D-F) SI-SN. Key: 1, acentric fragments; 2, 

dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra-exchange; 11, chromatid 

break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap. Complex type aberration; multiple aberrations;  heavily damaged 

cell; pulverized cell. 
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(A).                         (B).    

                                   (C).                             (D).    

 

Figure 9.6 e:    Chromosomal aberrations assay in normal lymphocytes cyanobacterial extracts. (A-C) SI-ST. Key: 1, acentric fragments; 2, 

dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra-

exchange; 11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap. Complex type aberration; 

multiple aberrations;  heavily damaged cell; pulverized cell. 
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(Table 9.2 a, b and c) (Figure 9.7 a and b). In case of CPE, chromatid-type aberrations 

produced 64/600 cells with pre-treatment and 71/600 cells with simultaneous-treatment as 

compared with chromosome-type aberrations which showed 53/600 cells with pre-

treatment and 66/600 cells with simultaneous-treatment with much contribution from 

chromatid and chromosomal gaps and deletions in both cases. When post-treatment was 

given more chromosomal-type aberrations were seen with 198/600 cells as compared with 

chromatid-type which showed 173/600 cells with much contribution from chromosomal 

and chromatid gaps and deletions, rings, acentric fragments and triradials (Table 9.2 a, b 

and c) (Figure 9.7 c and d). When compared with positive control (0.15 µg ml-1 DOX), it 

showed higher number, 232/600 cells of chromosome-type aberrations as compared with 

chromatid-type aberrations which gave 194/600 cells with highest amount of chromatid 

and chromosomal gaps and breaks followed by acentric fragment, ring, triradial and 

quadradial type of chromosomal aberrations (Table 9.2 a, b and c) (Figure 9.7 a and b). 

Furthermore, CPC only showed 4 Mab cells with pre-treatment, 6 Mab cells were 

detected with simultaneous-treatment whereas 52 Mab cells were detected with post-

treatment. In case of CPE only 7 Mab cells were detected with pre-treatment, 9 Mab cells 

were detected with simultaneous-treatment whereas 86 Mab cells with post-treatment 

were detected. No pulverized cells were detected in all treatments applied.  

The clastogenic effects of CPC without DOX treatment were also investigated where CPC 

showed significant (p < 0.0001) difference from positive control DOX and showed only 

4.42% clastogenicity with high MI of 13.98% showing its non-clastogenic nature. Few 

chromatid-type aberrations were seen with CPC without DOX treatment with much 

contribution from chromatid gaps and breaks whereas no other chromosomal aberrations 

were detected. The clastogenic effects of CPE without DOX treatment were also 

investigated where CPE showed significant (p < 0.0001) difference from positive control 

DOX and showed only 4.72% clastogenicity with high MI of 13.53%. Like CPC, few 

chromatid-type aberrations were seen with CPE without DOX treatment with much 

contribution from chromatid gaps and breaks whereas no other chromosomal aberrations 

were detected. When the chemopreventive efficiency of CPC and CPE were compared, it 

was observed that CPC had more efficient anti-clastogenic potential than CPE. CPC and 

CPE pre- and simultaneous-treatments reduced the burden of chromosomal-type 

aberrations which were the products of double-strand breaks. Post-treatment with CPC 

was comparatively less efficient than the pre- and simultaneous-treatments however still,



Genotoxicity, Clastogenicity and Chemopreventive Analysis Chapter 09 
 

  

349 

Table 9.2 a:    Chromatid-type aberrations in cultured normal lymphocytes treated with doxorubicin and purified CPC and CPE. 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

Chromatid-type Aberrations Total CTA/600 cells 

Mean ± SEM Ctg Ctb Cte 

Ctdel Ctmin Tr Qr Su Cpx 

NC Nt 4 ± 0.08 8 ± 0.07 0 0 0 0 0 12 ± 0.06 

DOX (PC) 0.15 68 ± 2.43 64 ± 2.23 12 ± 3.11 17 ± 2.21 13 ± 2.43 9 ± 2.22 11 ± 2.12 194 ± 3.73 

CPC only 50 9 ± 0.03 5 ± 0.08 0 0 0 0 0 14 ± 0.04  

Pre-Treatment 

CPC  

 

50 

 

28 ± 2.21 

 

22 ± 2.14 

 

3 ± 0.23 

 

0 

 

2 ± 1.21 

 

0 

 

0 

 

55 ± 1.62  

Simultaneous 

Treatment 

CPC 

 

50 

 

29 ± 2.76 

 

22 ± 2.64 

 

6 ± 0.54 

 

0 

 

5 ± 2.31 

 

0 

 

0 

 

62 ± 1.22 

Post-Treatment 

CPC 

 

50 

 

47 ± 2.87 

 

48 ± 1.32 

 

9 ± 0.44 

 

17 ± 2.22 

 

14 ± 3.31 

 

12 ± 2.55 

 

6 ± 0.14 

 

153 ± 2.84 

CPE only 50 8 ± 0.05 9 ± 0.06 0 0 0 0 0 16 ± 0.07 

Pre-Treatment 

CPE  

 

50 

 

27 ± 3.11 

 

30 ± 3.62 

 

4 ± 0.83 

 

0 

 

0 

 

3 ± 2.36 

 

0 

 

64 ± 2.62  

Simultaneous 

Treatment 

CPE 

 

50 

 

34 ± 2.41 

 

31 ± 2.67 

 

3 ± 1.48 

 

0 

 

0 

 

3 ± 1.23 

 

0 

 

71 ± 2.32 

Post-Treatment 

CPE 

 

50 

 

66 ± 2.78 

 

63 ± 2.86 

 

10 ± 1.36 

 

12 ± 0.81 

 

8 ± 0.54 

 

6 ± 1.48 

 

8 ± 0.42 

 

173 ± 2.21 

Key: Ctg, chromatid gap;  Ctb, chromatid break;  Ctdel, chromatid deletions;  Ctmin, chromatid single minute; Cte, chromatid exchange; Tr, triradial; 

Qr, quadradial; Su, sister union; Cplx, complex type. CTA, chromatid aberrations, NC = negative control (Nt, No treatment), PC, positive control DOX. 

Data represents mean ± SEM of three technical replicates with 200 metaphases scored per treatment (600 cells per sample). 
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Table 9.2 b:  Chromosome-type aberrations in cultured normal lymphocytes treated with doxorubicin and purified CPC and CPE. 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

 Chromosome-type Aberrations Total CSA/600 

cells 

Mean ± SEM 

Csg Csb Cse 

Csdel Dmin R Ace Dc Mc 

NC Nt 4 ± 0.08  3 ± 0.04 0 0 0 0 0 7 ± 0.08 

DOX (PC) 0.15 59 ± 3.87 53 ± 2.32 9 ± 1.44 42 ± 3.22 45 ± 2.31 18 ± 1.55 6 ± 1.01 232 ± 2.66 

CPC only 50 5 ± 0.07 4 ± 0.06 0 0 0 0 0 9 ± 0.06  

Pre-Treatment 

CPC  

 

50 

 

18 ± 1.84 

 

22 ± 1.84 

 

3 ± 1.84 

 

0 

 

4 ± 1.37 

 

0 

 

0 

 

47 ± 1.34 

Simultaneous 

Treatment 

CPC 

 

50 

 

27 ± 2.65 

 

24 ± 2.87 

 

3 ± 2.31 

 

1 ± 0.03 

 

2 ± 0.04 

 

0 

 

0 

 

57 ± 2.54 

Post-Treatment 

CPC 

 

50 

 

39 ± 2.87 

 

33 ± 2.55 

 

9 ± 1.11 

 

8 ± 1.21 

 

4 ± 0.21 

 

14 ± 1.32 

 

7 ± 0.81 

 

114 ± 2.43 

CPE only 50 6 ± 0.05 5 ± 0.08 0 0 0 0 0 11 ± 0.09 

Pre-Treatment 

CPE  

 

50 

 

23 ± 1.84 

 

28 ± 1.84 

 

2 ± 1.84 

 

0 

 

0 

 

0 

 

0 

 

53 ± 0.63 

Simultaneous 

Treatment 

CPE 

 

50 

 

24 ± 0.87 

 

31 ± 1.32 

 

4 ± 0.44 

 

 0 

 

7 ± 3.31 

 

 0 

 

0 

 

66 ± 1.87 

Post-Treatment 

CPE 

 

50 

 

54 ± 1.84 

 

47 ± 3.02 

 

7 ± 1.12 

 

37 ± 2.31 

 

35 ± 2.34 

 

13 ± 2.01 

 

5 ± 1.71 

 

198 ± 2.87 

Key: Csg, chromosome gap; Csb, chromosome break; Cse; chromosome exchange; Ace, acentric fragment; R, acentric and centric rings; Dc, dicentric; 

Mc, multicentric. CSA, chromosomal aberrations; NC, negative control (Nt, No treatment); PC, positive control DOX. Data represents mean ± SEM of 

three technical replicates with 200 metaphases scored per treatment (600 cells per sample). 
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Table 9.2 c: Percentage total chromosomal aberrations and mitotic index along with 

pulverized and multi-aberrant cells shown by DOX, NC and purified CPC and CPE. 

A total of 200 metaphases were scored per treatment (600 cells per sample). Total of 2000 cells 

per culture were analyzed for mitotic index.  * Significantly different from positive control (PC) 

DOX (p < 0.05*), (p < 0.001**), (p < 0.0001***) by applying one-way ANOVA with Dunnett’s 

multiple comparison test. 

 

 

 

Treatments 

Controls and 

Extracts 

Dose 

µg ml-1 

Pvz Mabs % Chromosomal 

Aberrations  

Mean ± SEM 

% Mitotic Index 

(MI) 

Mean ± SEM 

NC Nt 0 0 3.2 ± 0.07 14.19 ± 0.43 

 

DOX (PC) 

 

0.15 

 

6 ± 0.52 

 

102 ± 0.98 

 

71.0 ± 0.543 

 

7.26 ± 0.42 

CPC only 50 0 0 4.42 ± 0.04*** 13.98 ± 0.56*** 

Pre-Treatment 

CPC  

 

50 

 

0 

 

4 ± 0.47 

 

17.0 ± 0.54*** 

 

12.74 ± 0.42*** 

Simultaneous 

Treatment 

CPC 

 

50 

 

0 

 

6 ± 0.64 

 

19.83 ± 0.43*** 

 

 

12.59 ± 0.48*** 

 

Post-Treatment 

CPC 

 

50 

 

0 

 

52 ± 0.77 

 

44.5 ± 1.28* 

 

10.86 ± 0.37 

 

CPE only 

 

50 

 

0 

 

0 

 

4.5 ± 0.03*** 

 

13.53 ± 0.36*** 

Pre-Treatment 

CPE  

 

50 

 

0 

 

7 ± 0.09 

 

19.5 ± 0.52*** 

 

11.94 ± 0.42*** 

Simultaneous 

Treatment 

CPE 

 

50 

 

0 

 

9 ± 0.48 

 

 

22.83 ± 0.44*** 

 

 

11.63 ± 0.37*** 

 

Post-Treatment 

CPE 

 

50 

 

0 

 

86 ± 0.63 

 

62.0 ± 1.34 

 

8.82 ± 0.46 
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(A).  (B).  (C). 

(D).  (E). (F).  

Figure 9.7 a:    Chromosomal aberrations assay in normal lymphocytes, DOX and purified CPC. (A) Negative control (No treatment) (B) Purified CPC 

(50 µg ml-1) only (C) Dox (0.15 µg ml-1), (D-F) Pretreatment with CPC (50 µg ml-1) Key: 1, acentric fragments; 2, dicentric 3, single minute; 4, chromosomal 

break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra-exchange; 11, chromatid break; 12, triradial; 13, 

chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap. Complex type aberration; multiple aberrations;  heavily damaged cell; 

pulverized cell. 



Genotoxicity, Clastogenicity and Chemopreventive Analysis Chapter 09 
 

  

353 

(A).      (B). (C). 

(D). (E). (F).   

Figure 9.7 b:    Chromosomal aberrations assay in normal lymphocytes, DOX and purified CPC. (A-C) Simultaneous treatment (D-F) Post treatment. 

Key: 1, acentric fragments; 2, dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, 

quadradial; 10, chromatid intra-exchange; 11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap.                                                                                                      

Complex type aberration; multiple aberrations;  heavily damaged cell; pulverized cell. 
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(A). (B). (C).

(D).  (E). (F)  

Figure 9.7 c:    Chromosomal aberrations assay in normal lymphocytes, DOX and purified CPE. (A) Negative control (No treatment) (B) Purified CPE 

(50 µg ml-1) only (C) Dox (0.15 µg ml-1), (D-F) Pretreatment with CPE (50 µg ml-1) Key: 1, acentric fragments; 2, dicentric 3, single minute; 4, chromosomal 

break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, quadradial; 10, chromatid intra-exchange; 11, chromatid break; 12, triradial; 13, 

chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap. Complex type aberration; multiple aberrations;  heavily damaged cell; 

pulverized cell. 
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 (A).    (B).       (C). 

(D).  (E).   (F).  

 

Figure 9.7 d:    Chromosomal aberrations assay in normal lymphocytes, DOX and purified CPE. (A-C) Simultaneous treatment (D-F) Post treatment. 

Key: 1, acentric fragments; 2, dicentric 3, single minute; 4, chromosomal break; 5, chromatid gap; 6, centric ring; 7, acentric ring; 8, sister union; 9, 

quadradial; 10, chromatid intra-exchange; 11, chromatid break; 12, triradial; 13, chromatid deletion; 14, double minute; 15, tricentric; 16, chromosome gap.                                                                                                      

Complex type aberration; multiple aberrations;  heavily damaged cell; pulverized cell. 
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it also reduced burden of chromosomal-type aberrations significantly whereas conversely, 

post-treatment with CPE was not effective.     

The results showed that CPC and CPE were non-mutagenic, non-clastogenic proteins with 

the potential to protect the chromosomes from damage caused by DOX in case of both 

proteins whereas CPC had an extra potential to also able to repair the damage already 

caused by DOX. 

Competitive ELISA Measurement of 8-OH-DG DNA Damage Marker 

The 8-OHdG DNA damage marker was assayed using GENOX New 8-OHdG Check 

ELISA Kit according to the manufacturer’s protocol. The ELISA study for 8-OHdG 

oxidative stress DNA damage marker was studied in cultured lymphocytes incubated for 

24 hours. After treatment, the DNA from the cells was extracted, quantified and then 

purified before enzymatic digestion. The digested DNA was then applied to the ELISA 

plate to check the amount of 8-OHdG lesions produced by treatment with highest non-

cytotoxic concentrations of cyanobacterial extracts where DOX at final concentration of 

0.15 µg ml-1 was used as a positive control, 0.2% DMSO as vehicle control and no 

treatment was given for negative control. The production of 8-OHdG lesions induced by 

DOX and its amelioration by purified CPC and CPE were also studied by applying pre, 

simultaneous and post treatment regimens for 24 hours at highest concentration of 50 µg 

ml-1 as described for comet and chromosomal aberration assay. 

 

8-OHdG DNA Damage Marker Produced by Cyanobacterial Extracts  

To quantify the production and accumulation of 8-OHdG marker in cultured lymphocytes, 

a standard curve was generated with non-linear logarithmic regression trend (Figure 9.8 

a). The treatment of cultured lymphocytes with cyanobacterial extracts for 24 hours 

resulted in significant production of 8-OHdG marker (Figure 9.8 b). A significantly (p < 

0.0001) highest amount of 32.41/106dG lesions were detected in DNA of lymphocytes 

treated with extracts of Oscillatoria sp. SI-SF at highest non-cytotoxic concentration of 

100 µg ml-1 closely followed by extracts of Oscillatoria sp. SI-SK with 29.35/106dG 

lesions at highest non-cytotoxic concentration of 100 µg ml-1 as compared with vehicle 

control (0.2% DMSO) which produced 1.44/106dG lesions. The positive control DOX 

produced the maximum amount of oxidative stress damage to the DNA by accumulating 

41.54/106dG lesions at concentration of 0.15 µg ml-1. The extract of Chroococcidiopsis 

thermalis SI-ST also showed high amounts with 27.59/106dG lesions at concentration of 
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25µg ml-1 followed by extracts of Nostoc sp. SI-SN and Leptolyngbya sp. SI-SM which 

also produced significant (p < 0.0001) amount of damage to the DNA by producing 24.36 

and 24.04/106dG lesions respectively at highest non-cytotoxic concentrations of 10 µg ml-

1 each. Conversely, the extracts of Calothrix sp. SI-SV, Phormidium sp. SI-SC and 

Oscillatoria sp. SI-SA did not produce any significant DNA damage as compared with 

vehicle control with 4.3, 3.8 and 1.66/106dG lesions at highest concentration of 1000 µg 

ml-1 respectively. From the results it was concluded that cyanobacteria extracts of strains 

SI-SF, SI-SK, SI-ST, SI-SN and SI-SM were genotoxic and mutagenic with the potential 

to produce oxidative stress evident from high amounts of accumulation of oxidative stress 

related DNA damage marker; 8-OHdG in cultured lymphocytes as compared with vehicle 

control. The extracts of strains SI-SV, SI-SC and SI-SA were concluded to be non-

genotoxic and non-mutagenic with no significant accumulation of oxidative stress related 

DNA damage marker 8-OHdG.    

DOX Induced Accumulation of 8-OHdG DNA Damage Marker and its Amelioration by 

purified CPC and CPE 

The DNA damage and consequential accumulation of 8-OHdG marker caused by DOX 

and its amelioration by applying pre-, simultaneous- and post-treatments of 50 µg ml-1 

purified CPC and CPE were investigated. It was found out that indeed the DNA of the 

lymphocytes was protected and production of 8-OHdG marker was reduced significantly 

as compared with positive control (Figure 9.9 c and d). In case of CPC, all three pre-, 

post- and simultaneous-treatments showed significant (p < 0.0001) low amounts; 3.50, 

10.16 and 3.68/106 dG lesions respectively as compared with positive control DOX which 

showed high amount, 41.54/106 dG lesions after 24 hours of treatment. CPC without DOX 

treatment did not show any abnormal production of 8-OHdG lesions with only 1.39/106 

dG lesions as compared with vehicle control which showed 1.34/106 dG lesions (Figure 

9.9 C). In case of purified CPE, only pre and simultaneous-treatments with CPE for 24 

hours significantly (p < 0.0001) lowered the amount of 8-OHdG lesions to 5.46 and 

5.97/106 dG lesions respectively whereas post-treatment did not show any significant 

reduction in the amount of 8-OHdG lesions with 39.31/106 dG lesions (Figure 9.9 D). 

Conversely, CPE without DOX treatment did not show any abnormal production of 8-

OHdG lesions and showed only 1.67/106 dG lesions CPE without DOX treatment did not 

show any abnormal production of 8-OHdG lesions and showed only 1.67/106 dG lesions. 

When the efficiency of CPC and CPE was compared it was observed that CPC was more  
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(A)                (B).            
 

 

 

 

 

 

 

 

 

 

 

       (C).                                                                                                       (D). 

 

 

 

 

Figure 9.8:   Competitive ELISA of 8-OHdG DNA damage marker. (A). Calibration curve of standard 8-OHdG markers. (B). ELISA of DOX, 

cyanobacterial extracts. (C). ELISA of purified CPC at 50 µg ml-1 with and without DOX. (D). ELISA of purified CPE at 50 µg ml-1 with and without DOX.  

Data represents mean ± SEM of three independent experiments. Asterisk (* ** ***) indicates p< 0.05, 0.001, 0.0001 when the treatment group was compared 

with VC and DOX by applying one-way ANOVA with Dunnett’s multiple comparison test.  

y = -0.27ln(x) + 1.6858
R² = 0.9914

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

0 50 100 150 200

A
b

so
rb

an
ce

 a
t 

4
5

0
 n

m

8-oh-dg ng/ml

V
C

D
O

X
 0

.1
5

C
P

E
 5

0

P
re

 P
E

+
D

P
o

s
t 

P
E

+
D

S
im

 P
E

+
D

0

10

20

30

40

50

***
***

***

p < 0.0001

8
-O

H
d

G
/1

0
6
d

g

V
C

D
O

X
 0

.1
5

C
P

C
 5

0

P
re

 P
C

+
D

P
o

s
t 

P
C

+
D

S
im

 P
C

+
D

0

10

20

30

40

50

***
*** ***

p < 0.0001

***

8
-O

H
d

G
/1

0
6
d

g



Genotoxicity, Clastogenicity and Chemopreventive Analysis Chapter 09 
 

359 
 

efficient in protecting the DNA from getting oxidized than CPE. Furthermore, CPC unlike 

CPE also showed significant repairing of the DNA damage caused by DOX as it was 

observed that post-treatment was effective in case of CPC. These results also 

corresponded well with comet and chromosomal aberration assays and thus confirmed 

that CPC and CPE possess powerful chemopreventive potential which could partially if 

not entirely be due to their powerful antioxidant and radical scavenging ability. 

Discussion 

Humans are constantly exposed to many toxic entities everyday which can cause damage 

to the fragile DNA molecule that leads to mutations and ultimately cancers. The 

detrimental effects of genotoxins and mutagens on the health of an individual are of major 

concern due to the fact that a low concentration of these genotoxins or mutagens may not 

immediately show their effects but cause damage to the DNA in the long run (Clare, 

2012). This is a dangerous situation because effects of low doses of genotoxins may not 

show their warning signs immediately so that precautions could be taken. These hidden 

heritable mutations if occur in the chromosomes of somatic cells leads to the development 

of cancers where as if they occur in the chromosomes of germinal cells leads to inherited 

disorders or chromosomal anomalies (Scally, 2015). 

In the present chapter, cyanobacterial AMC extracts were investigated for their genotoxic 

and clastogenic activities. Furthermore, purified CPC and CPE were also investigated for 

their chemopreventive and anti-genotoxic activities. In case of cyanobacterial AMC 

extracts, genotoxicity was assessed with DNA nicking assay in which DOX was used as a 

positive control which is the most potent and widely used anthracycline in the treatment 

of several hematogenous and solid human malignancies (Putri et al., 2013). It is 

exclusively produced as a secondary metabolite by Streptomyces peucetius ATCC27952 

(Malla et al., 2010). Different mechanisms explain the cytotoxic activity of doxorubicin, 

including DNA intercalation, lipid peroxidation and inhibition of topoisomerase II (Wei et 

al., 2015). It produces high levels of oxidative stress which cause severe side effects 

including cardiotoxicity and nephrotoxicity (Rashid et al., 2013). In addition, it can also 

induce DNA damage, inhibit DNA and protein synthesis, promote myofiber degeneration, 

inhibit transcription of specific gene programs, and induce cardiomyocyte apoptosis via a 

caspase-3-dependent mechanism (Cao et al., 2014). 

DOX showed considerable DNA damaging effects as it produced linear DNA by double-

strand breaks which showed its genotoxic activity. Furthermore it also showed nicked 
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DNA which depict its ability to cause single-strand breaks. The DNA fragmentation 

pattern suggests that DOX is a potent apoptosis inducing agent (Poornima et al., 2014). 

On the other hand the extracts of cyanobacterial isolates SI-SF, SI-SM, SI-SN showed 

both linearized and nicked DNA caused by both single-strand breaks (SSB) and double-

strand breaks (DSB). The extracts of strains SI-ST and SI-SK caused only SSBs. The 

extracts of SI-SC and SI-SV showed low degree of DNA damage by partially producing 

nicked DNA subjecting it to SSB. Conversely, the extracts of strains SI-SA did not show 

any significant DNA damage effects. It is an established fact that SSBs can be induced by 

many DNA damaging agents that include UV light, ROS and many mutagenic chemicals 

however, these breaks can be easily and rapidly repaired and thus do not cause major 

threats to genomic integrity (Lord and Ashworth, 2012). Conversely, DSBs represent the 

most dangerous cytotoxic lesions as they are the most difficult types of lesions to repair 

by cellular machinery since both strands are broken in this type of DNA lesion thus must 

be rejoined often without a template which can lead to insertions, deletions, cross-

linkages or chromosomal rearrangements (Chiruvella et al., 2013). These results thus 

suggested that cyanobacterial extracts of SI-SF, SI-SM and SI-SN were capable of 

causing genotoxicity and apoptosis, as DNA fragmentation is a key feature of 

programmed cell death. There is currently no study done on plasmid DNA with 

cyanobacterial extracts however, Mukund and Sivasubramanian, (2014) showed similar 

results with eukaryotic DNA where extract of Oscillatoria terebriformis caused DNA 

fragmentation of lung-A549 cells suggesting that the cyanobacterial extract in fact caused 

apoptosis of these cells by disintegration of DNA not found in the untreated cells. Despite 

having a better understanding of cancer pathology and the advent of new and improved 

technologies and methods, the incidence and cure of cancers have not made much 

progress however; prevention of this disease still holds much potential. Recent advances 

in molecular systematics of carcinogenesis paved way for the development of novel as 

well as improved strategies for cancer prevention (chemoprevention). Various natural 

products and their synthetic counterparts have shown anti-carcinogenic, anti-mutagenic as 

well as anti-aging potential through their antioxidant activities (Saeed et al., 2012).    

The chemopreventive activities of purified CPC and CPE were therefore studied based on 

their antioxidant activities. If in vitro chemical assays like ABTS and DPPH help in 

understanding the initial antioxidant potential then in vitro DNA nicking assay holds more 

relevance to biological system as it enables fast and less tedious screening of potential in 

vivo antioxidant substances (Leba et al., 2014) as Fenton’s reaction (FR) based DNA 
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nicking assays simulate in vivo cellular environments where FR is involved in the 

production of hydroxyl radicals from endogenous catalytic iron ions in blood cells (Mojić 

et al., 2014). Hydroxyl radicals can react with the sugar phosphate backbone and bases of 

the DNA at or near diffusion-controlled rates, causing damage by creating potential DNA 

lesions which are cytotoxic and mutagenic (Dizdaroglu and Jaruga, 2012). In cells, 

hydrogen peroxide can easily pass through plasma membrane where it breaks down into 

HO•  in the presence of transition metals like Fe2+ or Cu2+ by Haber-Weiss and Fenton 

type reactions (Birben et al., 2012).  

To ascertain the protective ability of CPC and CPE against DNA damage caused by 

oxidative stress, Fenton’s reagent (FR) was used to induce damage to the DNA which 

severely damaged the DNA by producing DNA fragmentation, SSBs and DSBs. In 

presence of CPC and CPE these damaging effects were attenuated in a dose dependent 

manner with minimum effective dose of 8.3 µg ml-1 and 16.6 µg ml-1 respectively. This 

showed that CPC and CPE can scavenge hydroxyl radicals as well as chelate metal ions. 

Pleonsil and Suwanwong, (2013) also showed dose-dependent decrease in DNA 

damaging effects of FR in presence of increasing concentration of CPC from 2.5 – 20 µM. 

Similarly, Sonani et al. (2014) also showed that CPE from Lyngbya sp. A09DM can 

scavenge free radicals and chelate metals in a dose-dependent manner. Due to its effective 

antioxidation ability, ascorbic acid was used as a positive DNA protectant in this assay, 

but surprisingly, FR in the presence of standard ascorbic acid with concentration of 1 mM 

completely converted its native supercoiled form to single stranded nicked form. This 

shows a significant pro-oxidant activity of ascorbic acid which could be due to the 

interaction of ascorbic acid with catalytic iron ions that cause oxidative damage by 

producing hydroxyl and alkoxyl radicals (Carr and Frei, 1999). This phenomenon was 

also demonstrated by a study done by Putchala et al. (2013) who showed that ascorbic 

acid acts as a double-edged sword acting both as an antioxidant as well as pro-oxidant 

which is a result of a proposed Fenton mechanism. Similar results have also been reported 

from other antioxidants like Gallic acid and Quercetin with significant pro-oxidant 

activities recorded at higher concentrations (Leba et al., 2012). The current antioxidant 

proteins CPC and CPE showed their greater efficiency than the known standard ascorbic 

acid without producing any pro-oxidant activities when they were reacted with DNA 

without FR.  Similarly, Becker, (2004) also showed that CPC is 20 times more efficient 

than ascorbic acid against hemolysis induced by peroxyl radicals in human erythrocytes. 

Furthermore, CPC showed better antioxidation activity than CPE. Conversely, Sonani et 
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al. (2014) showed antioxidation and metal chelating ability of three of phycobiliproteins 

in decreasing order of CPE > CPC > APC with CPE being the most efficient.      

Although plasmid nicking assay with and without FR gave considerable insight into the 

genotoxic potential of cyanobacterial extracts and chemopreventive potential of purified 

CPC and CPE however, it is very unusual for a potential genotoxic or anti-genotoxic 

agent to give a clear positive results in only one assay. In practice, conclusive evidence of 

genotoxicity is deduced with the use of several assays. Now-a-days, due to its higher 

sensitivity, comet assay has become one of the most widely used assay for genotoxicity 

testing with varying modifications to study different types of genotoxic events especially 

alkaline comet assay which involves alkali-labile sites to detect DNA damage including 

both single and double-strand breaks. Cyanobacterial AMC extracts were evaluated for 

their potential genotoxicity. For this purpose a dose-response genotoxicity was evaluated 

however, selection of dose range is essential for comet assay as cytotoxic concentrations 

can cause DNA fragmentation due to cell death leading to false positive results due to 

cytotoxicity rather than genotoxicity. Therefore, non-cytotoxic dose range was selected 

for this assay. The comet assay corresponded well with the DNA nicking assay in case of 

positive control DOX at non-cytotoxic concentration of 0.15 µg ml-1 which has been 

shown induce considerable amount of genotoxicity (Leite-Silva et al., 2007). DOX 

showed very high genotoxicity of 80.57% measured in terms of percentage DNA in tail of 

the comet as the extent of DNA damage is best expressed as the percentage of DNA 

fluorescence in tail (Lorenzo et al., 2013). Furthermore, DNA nicking and comet assay 

also corresponded well in case of AMC extracts of cyanobacterial strains SI-SF, SI-SN, 

SI-SM, SI-ST and SI-SK by showing more than 50% genotoxicity in a dose dependent 

manner for a time period of 24 hours. Similarly, Wu et al. (2011) also showed that 

cyanobacterial extracts containing microcystins (MC-LR) exerted potent genotoxicity in a 

dose and time dependent manner with 11.5 fold genotoxicity at highest concentration of 

50 mg L-1 after 7 days exposure in kidney cells of carp. Gharaei-Fathabad et al. (2008) 

also showed genotoxic activity of extracellular extract of Nostoc piscinale at higher 

concentration of 313 µg ml-1. The extracts of strains SI-SV and SI-SC showed moderate to 

low genotoxicity only at highest non-cytotoxic concentration of 1000 µg ml-1 with 29.86% 

and 22.89% genotoxicity respectively. Conversely, the extract of strain SI-SA showed 

slight variation from the DNA nicking assay. In DNA nicking assay the extract of SI-SA 

did not cause any DNA damaging effects however in comet assay it showed low 

genotoxicity of 15.37% only at highest non-cytotoxic concentration of 1000 µg ml-1. 
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Among the extracts of the isolated cyanobacterial strains SI-SF showed the highest 

genotoxic effects. Much work has been done on the genotoxicity of cyanobacterial 

extracts containing cyanotoxins (Melegari et al., 2015; Mankiewicz et al., 2002; Ding et 

al., 1999) however; no study has been done on the genotoxicity of the crude 

cyanobacterial extracts containing unknown compounds.  

The comet assay was also applied to monitor the chemopreventive activities of purified 

CPC and CPE against DOX induced DNA damage by applying pre-, simultaneous- and 

post-treatment regimens. The purified CPC and CPE showed chemopreventive activity 

against DOX induced DNA damage in lymphocytes in a dose-dependent manner when 

pre and simultaneous-treatments were applied, whereas CPC also showed significant 

reduction in DNA damage when post-treatment was applied. At highest concentration of 

50 µg ml-1 they ameliorated the DNA damage up to more than 90%. In case of pre- and 

simultaneous-treatments with CPC with DOX, the DNA was protected up to 96.92 and 

96.68% respectively whereas when post-treatment was applied DNA was protected up to 

51.81%. When the pre- and simultaneous-treatments of CPE was given in presence of 

DOX the DNA was attenuated up to 92.5 and 91.0% respectively whereas in case of post-

treatment was applied in presence of DOX the DNA was protected up to only 9.84%. 

Similarly, Khan et al. (2006b) also showed that pre-treatment with CPC at concentration 

of 50 µg ml-1 for 24 hours ameliorated doxorubicin-induced oxidative stress and apoptosis 

in rat cardiomyocytes. Furthermore, Abd-Elaziz et al. (2015) also showed that pre-

treatment with Spirulina extract containing CPC ameliorated DNA damaging effects in 

lymphocytes caused by DOX at 0.15 µg ml-1 up to 65.43% at a concentration of 10 µM. 

Similar to the current study, Soni et al. (2010) also showed that pre- and simultaneous-

treatments with CPE at 20 µg ml-1 concentrations significantly protected the DNA up to 

98.35 and 99.98% respectively whereas post-treatment had no significant effect with only 

2.85% reduction in DNA damage when potassium permanganate was used as DNA 

damaging agent instead of DOX in human fibroblasts. CPC and CPE without DOX 

treatment did not show any significant DNA damage and thus were suggested to be non-

genotoxic agents. 

These results show that purified CPC and CPE can protect DNA from harmful effects of 

DOX while CPC also exerts repairing of DNA after its damage unlike CPE which only 

protected the DNA from free radicals generated in its presence. These results thus showed 

high chemopreventive and anti-genotoxic potential of CPC and CPE.      
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The cytogenetic study was done to analyze the genotoxic and mutagenic potential of 

cyanobacterial AMC extracts. In this assay three non-cytotoxic doses were selected to 

investigate the potential of extracts to cause structural chromosomal aberrations in 

metaphase arrested cultured normal lymphocytes which included both chromatid-type 

(CTA) and chromosomal-type (CSA) aberrations. The results of the chromosomal 

aberration assay showed similar trend as compared with comet assay. The cyanobacterial 

extracts of strains SI-SF, SI-SK and SI-ST showed the highest amount of overall 

significant chromosomal aberrations of 62.83, 49.7 and 44.2% respectively including both 

chromosomal and chromatid-type aberrations with higher amount of chromatid-type 

aberrations including increased amount of gaps and breaks followed by exchanges, 

fragment formation, end joining and multiple aberrations per cell. On the other hand, 

positive control DOX showed 71.0% clastogenic activity and also showed pulverization 

of cells not shown by cyanobacterial extracts.  

The extracts of strains SI-SM and SI-SN also showed high to moderate; 36.5, 35.5 and 

24.7% chromosomal aberrations. Conversely, the extracts of strains SI-SC, SI-SV and SI-

SA showed low to no clastogenic activity with only 12.68%, 12.16% and 8.58% 

clastogenic activity respectively. Furthermore, the mitotic index (MI) of cultured 

lymphocytes treated with the cyanobacterial extracts was also studied which showed cell 

cycle delay towards higher doses. The highest percentage reduction in MI was shown by 

the AMC extracts of strains SI-SN, SI-SM and SI-ST with MI reduction of 38.86%, 

33.66% and 29.04% respectively. Positive control DOX showed the highest reduction in 

MI with 48.33% reduction. This showed that these extracts were causing cell cycle arrest 

due to unstable aberrations caused by cytotoxic DNA damage overload. Conversely, the 

extracts of SI-SF and SI-SK which showed highest amount of clastogenicity only showed 

10.18 and 19.79% MI reduction which showed these two extracts produced stable 

aberrations which did not affect the cell cycle progression and thus classified them as 

extremely hazardous for humans. The extracts of SI-SV, SI-SC and SI-SA did not affect 

the MI and showed little to no clastogenicity which indicated that these extracts were not 

hazardous. The MI indicates the cell cycle progression however in the presence of 

cyanobacterial extracts, the accumulation of abnormal chromosomes showed apoptosis or 

cell cycle arrest in order to either repair the damage or kill the damaged cell. 

Chromosomal aberrations have a direct relationship with cell cycle checkpoints i.e. G1/S, 

intra-S phase and G2/M checkpoints (Durante et al., 2013). When cells progress from one 

cycle to another, the integrity of the DNA is examined at these checkpoints which employ 
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certain sensor proteins as well as complex signal transduction pathways that block the 

progression of cell cycle if they detect any damage or anomaly in the DNA (Blaikley et 

al., 2014). The cell cycle arrest gives time to the cellular machinery to repair these lesions 

and the extent of the arrest greatly depends upon the type of the cell. Conversely, if cell 

could not properly repair the damaged DNA, then chromosomal aberrations arise. These 

aberrations arise from cell cycle progression and in relation to S-phase-independent or 

dependent clastogens (Ensminger et al., 2014). CSAs result from incompletely repaired or 

unrepaired DSBs mostly generated in vivo in G0/G1 lymphocytes by S-phase-independent 

clastogens like ionizing radiations (Durante et al., 2013). After DNA synthesis and 

chromosome duplication, the aberrations formed in G0/G1 are replicated and 

chromosome-type breaks (CSAs) are seen in metaphase whereas, chromatid-type breaks 

(CTAs) arise predominantly in vitro during the G2 or late S-phase of the cultured 

lymphocytes in response to base modifications and SSBs induced by S-phase-dependent 

clastogens like xenobiotic chemicals (Costa et al., 2015). It has been known that both 

chromatid and chromosome-type aberrations predict cancer; even though some data 

suggest that chromosome-type aberrations may have a more pronounced predictive value 

than chromatid-type aberrations (Moohammadaree et al., 2012). The relationship between 

the presence of a high frequency of chromosome aberrations and a predisposition to 

cancer has been well established in chromosome instability syndromes (e.g. ataxia 

telangiectasia, Fanconi’s anaemia and Bloom’s syndrome) (Barrios et al., 1988).  

The current extracts of cyanobacteria showed high number of both CTA and CSA type 

aberrations. Since CSAs occur at G0/G1 and CTAs at G2 or late S-phase of the cell cycle, 

cyanobacterial extracts showed the ability to possess both S-phase-dependent and 

independent properties. Similar to current results, Palíková et al., (2007) also showed that 

highest non-cytotoxic concentration 130 µg L-1 of cyanobacterial crude extracts caused 

both chromatid and chromosomal aberrations with gaps, breaks, rings, dicentrics etc. 

Kontek et al. (2000) also showed that cyanobacterial extracts can induce both 

chromosomal and chromatid-type aberration in human lymphocytes.  

Prevention or inhibition of mutagenicity or carcinogenicity is not generally depicted by 

one specific mechanism but can present various complicated modes of action. As 

inhibitors these anti-mutagenic or anti-genotoxic agents may prevent the synthesis of 

mutagens such as endogenous formation of nitrosamines, prevent the biotransformation of 

pre-mutagens into active metabolites as blocking agents by inhibiting metabolic 

activation, by activating detoxification enzymes or by their radical scavenging abilities 



Genotoxicity, Clastogenicity and Chemopreventive Analysis Chapter 09 
 

366 
 

and as suppressing agents they can modulate intracellular processes that are involved in 

DNA repair mechanism, tumor promotion and progression (Słoczyńska et al., 2014). In 

this study cytogenetic study was applied to investigate the anti-clastogenic activity of 

purified CPC and CPE based on their antioxidant radical scavenging abilities at highest 

concentration of 50 µg ml-1 against damage induced by DOX at concentration of 0.15 µg 

ml-1. The whole blood cultures were given pre-, simultaneous- and post-treatments with 

CPC and CPE in the presence of DOX. CPC and CPE showed similar results as comet 

assay by significantly reducing the clastogenicity induced by DOX when pre- and 

simultaneous-treatments were applied. When pre-treatment was applied CPC and CPE 

reduced structural chromosomal aberrations by 79.64 and 75.96% respectively whereas in 

case of simultaneous-treatment 75.47 and 71.05% reduction in clastogenicity was 

detected respectively however when post-treatment was applied CPC showed 39.08% 

reduction in clastogenicity induced by DOX whereas CPE only showed 13.27% 

reduction. Similarly, Khallil et al. (2013) also showed that pre and post-treatment with 

Spirulina platensis extract containing CPC showed potent anti-clastogenic effects with 

47.67% and 45.52% reduction in structural chromosomal aberrations in bone marrow of 

EAC (Ehrlich ascites carcinoma) bearing female mice respectively leading to regeneration 

of liver and kidney with restoration of bone marrow to the normal state. Furthermore, the 

mitotic index was also observed along with structural chromosomal aberrations to study 

the relationship between cell cycle progression and inhibition of cell proliferation. Pre and 

post-treatments with CPC and CPE significantly increased the cell proliferation as 

compared with positive control DOX. When pre-treatment was applied CPC and CPE 

increased cell proliferation by 79.1 and 67.53% respectively whereas in case of 

simultaneous-treatment 76.91 and 63.1% increase in cell proliferation was detected 

respectively however, when post-treatment was applied CPC showed 51.95% increase in 

cell proliferation whereas CPE showed 22.51% increase. Similarly, Khan et al. (2006) 

also showed that co-treatment of human ovarian cancer cells with Spirulina platensis 

extract containing CPC and DOX did not cause any significant increase in cell 

proliferation. The results clearly indicate that CPC and CPE do not compromise the 

antitumor effect of DOX.  

Oxidative DNA damage is the main source of mutation load in genome of a living 

organism. In the present study, DNA damage was assessed by evaluation of 8-OHdG 

level. The lymphocytes treated with cyanobacterial extracts produced significant amount 

of 8-OHdG DNA lesions with highest amount detected with extract of Oscillatoria sp SI-
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SF with 23 fold increase in 8-OHdG DNA lesions as compared with vehicle control 

closely followed by Oscillatoria sp. SI-SK and Chroococcidiopsis thermalis SI-ST with 

21 and 19.2 fold increase in 8-OHdG DNA lesions respectively. Positive control DOX 

produced the highest accumulation with 29 fold increase in the production of 8-OHdG 

DNA lesions. The extracts of strains SI-SN and SI-SM also showed high oxidative DNA 

damage with 16.90 and 16.69 fold increase in the production of 8-OHdG DNA lesions 

respectively. Furthermore, strains SI-SV and SI-SC showed low levels of oxidative DNA 

damage with 2.9 and 2.6 fold increase in the production of 8-OHdG DNA lesions 

respectively. The generation of 8-OHdG resulted from oxidative modification or damage 

of DNA. A strong correlation between higher amounts of 8-OHdG and greater degree of 

oxidative stress, DNA strand breaks or modifications have been reported (Agarwal et al., 

2014). As evident from the plasmid nicking, comet and chromosomal assays of these 

extracts have shown high DNA damaging effects which could be due to their ability to 

cause oxidative DNA damage by producing high levels of 8-OHdG. Similarly, Al-Jassabi 

et al. (2011) also showed that nodularin containing cyanobacterial extracts can cause 17 

fold increase in the production of 8-OHdG in hepatocytes of Balb/c mice. Conversely, 

strain SI-SA did not show any significant increase in the production of 8-OHdG DNA 

lesions with only 1.2 fold increase which confirmed its non-genotoxic potential especially 

through non-oxidative DNA damage which corresponded well with the comet and 

chromosomal aberration assay.  

The amelioration of DOX induced accumulation of oxidative DNA damaging maker 8-

OHdG by purified CPC and CPE were also studied with pre, simultaneous and post 

treatments. Both the isolated and purified protein significantly reduced the production of 

oxidative DNA damage marker 8-OHdG induced by DOX by more than 90% when pre 

and simultaneous-treatments were applied. When pre-treatment was applied CPC and 

CPE reduced the production of 8-OHdG DNA lesions by 94.65 and 89.79% respectively 

whereas in case of simultaneous-treatment 94.20% and 88.51% reduction in 8-OHdG 

DNA lesions was detected respectively. In case of post-treatment incubation with CPC 

significantly reduced the production of 8-OHdG DNA lesions to 78.2% however when 

incubated with CPE only 5.94% reduction was recorded. This showed that CPC unlike 

CPE not only protected the DNA but also repaired the oxidative DNA damage induced by 

DOX. 

On the other hand CPC and CPE without DOX did not cause any significant DNA 

damage and consequential accumulation of 8-OHdG DNA lesions with only showing 1.1 
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and 1.21 fold increase respectively. Thus, similar to the comet assay, pre- and 

simultaneous-treatment with CPE significantly normalized the oxidative DNA damage 

induced by DOX without causing spontaneous DNA damage in control. These results 

show strong correlation between antigenotoxicity through antioxidation mechanism of 

CPE by normalizing DNA damaging lesions induced by DOX. To the best of our 

knowledge no study has been done on CPE normalizing 8-OHdG lesions generated by 

DOX unlike CPC where Zheng et al. (2013) showed that oral administration of CPC oral 

administration of CPC from Spirulina platensis completely normalized urinary 8-OHdG 

lesions in db/db Type 2 diabetic mice.  

Overall the finding revealed that CPC and CPE could be of potential clinical interest in 

chemoprevention and protection from secondary cancers. 
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CHAPTER: 10 

IDENTIFICATION OF BIOACTIVE SMALL 

MOLECULES WITH GC-MS FINGERPRINTING 

A metabolome is a total number of metabolic entities produced by an organism during its 

lifetime under all possible conditions (Schwarz et al., 2013). These metabolites are 

typically low molecular weight (<1000 Da) biomolecules that act as building blocks for 

other macromolecules and cellular structures (Kim et al., 2016). The metabolome can be 

studied by applying targeted or un-targeted approaches. In a non-targeted approach, the 

entire set of metabolites present in the cells, bio-fluids or tissue is studied including 

known and unknown compounds whereas targeted metabolomics deals with a set of 

known compounds of interest to address some key features of the metabolome under 

study (Robertson et al., 2010). Unlike the transcriptome and proteome, which portray a 

simple and precise picture of a whole genome and protein sequences, the metabolome is 

quite difficult to deal with since the diversity, chemistry and functional processes 

encompassed by the metabolome are much more tedious and complex than the simple 

nature and function of nucleic acids and proteins (Fernie and Stitt, 2012). Due to this 

reason, up till today, no single analytical platform has been devised to analyze each and 

every metabolite of an organism produced under a given condition however, a 

bewildering array of various techniques sure have been optimized for the analysis of a 

particular class or classes of compounds. These techniques involve separation and 

detection approaches which include chromatographic techniques like; Gas 

chromatography (GC), Liquid chromatography (LC) coupled with various detection 

approaches that include; mass spectrometry, nuclear magnetic resonance (NMR), UV, 

visible light spectroscopy and enzyme based assay (Aretz and Meierhofer, 2016). By 

coupling the separation and detection approaches such as GC-MS and LC-MS, thousands 

of metabolites of known and unknown identities can be un-biasedly analyzed. This type 

of analysis is commonly termed as metabolome fingerprinting as the techniques enables 

profiling of as much metabolites as possible in a given sample without bias that includes 

unknown metabolites (Patti et al., 2012).  

Among the separation and detection techniques, GC-MS analysis best fulfills the criterion  
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for high reproducibity in retention time for a set of given compounds and can cover a 

broad range of compounds that can be identified with commercially or publicly available 

MS libraries, databases and resources (Ma et al., 2012). Furthermore, GC-MS 

metabolomics has proved ideal for the analysis of small-molecules like; acids, alcohols, 

amino acids, sugars, fatty acids, hydrocarbons, sterols, toxins, drugs etc. (Fiehn, 2016). 

This might be the case however; a basic GC-MS technique is not completely out of 

limitations as the analysis is not sufficient for complete set of compounds as it only 

focuses on compounds that are volatile in nature such as lipophilic compounds like fatty 

acids, hydrocarbons etc. (Kim et al., 2016). To overcome this problem derivatization 

techniques have been devised to include those metabolites that are not basically volatile 

but can be made into volatile entities by modifying their molecular structures at specific 

positions (Rohloff, 2015). Derivatization reactions can even give volatility to a highly 

polar compound which can then be easily eluted out at a reasonable temperature without 

getting decomposed or rearranged due to thermal shock (Lin et al., 2016).  

A GC-MS technique with derivatization enhancement involves 7 steps which include; 1) 

sample quenching at extremely low temperatures (below ‒50°C) in order to halt 

metabolism in real time, 2) careful extraction of metabolites in appropriate solvents so as 

to include both hydrophilic and hydrophobic compounds without their degradation or 

modification, 3) derivatization of the compounds with trimethylsilylation in most cases, 4) 

separation by GC under highly standardized conditions to achieve reproducible results, 5) 

ionization of the compounds as they elute from GC (mostly electron impact (EI) 

ionization as it simplifies resulting mass spectra), 6) detection with subsequent MS 

detection system (quadrupole detectors (QUAD), ion trap technology (TRAP) and time of 

flight (TOF)) and finally 7) the evaluation of data by matching chromatographic retention 

times and mass-spectral fragmentation patterns to commercial or public databases.  

After acquisition of data the most tedious and time consuming process is the data analysis. 

The Automated Mass Spectral Deconvolution System (AMDIS) is the most commonly 

used freeware for metabolite identification and quantification in biological samples 

analysed by GC-MS. Once identified with AMDIS, the metabolome pool contains 

thousands of compounds; the “metabolic fingerprints” which may or may not be 

annotated according to their molecular origin. Such a data can then be applied to 

multivariate statistical analysis like; principle component analysis (PCA) and hierarchical 

cluster analysis. This method by-passes the step of data annotation and easily differentiate 

between groups or observations with applications in in vivo screening of bioactive or toxic  
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compounds in a sample mixture (Robertson et al., 2010). 

Non-targeted metabolome analysis of selected cyanobacterial isolates. 

To screen the pharmaceutically bioactive and toxic compounds produced by the isolated 

cyanobacterial strains, the AMC extracts of four cyanobacterial isolates; Oscillatoria sp. 

SI-SF, Chroococcidiopsis thermalis SI-ST, Leptolyngbya sp. SI-SM and Nostoc sp. SI-SN 

were selected based on their potent bioactive and toxicity status. The cultures were grown 

for 40 days under optimized conditions (as determined previously in chapter 3) till the 

strains reached their early stationary phase. The biomass of each strain was harvested by 

centrifugation and then immediately quenched at -80°C with chilled 60% methanol. The 

quenched biomass was then extracted with AMC solution [acetone (10): 2% acidified 

methanol (8) chloroform (6)]. The cells were disrupted with ultrasonicator for 15 min on 

ice-bath with 5 breaks. The extracts were centrifuged and the two layers of polar and non-

polar fractions were then separated. The extracts were vacuum-dried at low temperature 

after which they were derivatized by trimethylsilylation of acidic protons. Before 

injecting in the GC column, the extracts were diluted 20 folds due to sensitivity of the 

machine and only 1 µl of diluted, derivatized sample volume was injected in split less 

mode at 230 °C of GC column operating in EI mode. The GC was operated at a constant 

flow of 1 mL/minute helium. Data acquisition was performed on a DSQ MS system with 

a mass range of 50 to 650 m/z. The measured mass spectra were deconvoluted by the 

Automated Mass Spectral Deconvolution and Identification System (AMDIS 2.64, NIST 

Gaithersburg, MD, USA) before comparison with the databases. The compounds in the AMC 

extracts were then identified as TMS with the help of NIST 05 database (NIST Mass 

Spectral Database, PC-Version 5.0, 2005, National Institute of Standardization and 

Technology, Gaithersburg, MD, USA), and other plant-specific database: the GMD 

(GOLM Metabolome Database) (http://gmd.mpimp-golm.mpg.de/). Based on the 

identification results, a report was generated in MS excel format and only the first hit was 

exported. Each extract was analyzed in duplicate and the compounds found in both 

replicates were considered true hits. Data for retention time, m/z values used for 

quantification and peak area were collected manually and compiled in the form of tables. 

To reduce false discovery rate in the metabolite identification process using NIST and 

GMD libraries, all the extracted compounds acquired by TMS derivatization were 

included and analyzed.  

http://gmd.mpimp-golm.mpg.de/
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Metabolite Composition of Polar Fractions of AMC Extracts 

The total ion chromatograms (TIC) of polar fraction of four cyanobacterial strains 

obtained with AMDIS are given in annexure I. GC-MS based non-targeted metabolite 

fingerprinting of polar fractions of four cyanobacterial strains; SI-SF, SI-ST, SI-SM and 

SI-SN revealed the presence of 263 compounds total with highest number of 85 

compounds detected in Nostoc sp. SI-SN closely followed by Chroococcidiopsis 

thermalis SI-ST with 84 compounds. Leptolyngbya sp. SI-SM and Oscillatoria sp. SI-SF 

showed 52 and 42 total compounds in their polar fractions respectively. The compounds 

were classified according to their classes which included; sugars and derivatives (SD), 

amino acids and derivatives (AAD), nucleotides (N), organic acids and derivatives (OD), 

fatty acids and derivatives (FAD), alcohols and derivatives (ALD), hydrocarbons and 

derivatives (HD), other metabolites (OM) including diverse secondary metabolites and 

finally the classified unknown metabolites (UM).  

The results showed that the highest number; 31 SD metabolites were detected in strain SI-

ST followed by 21 SD metabolites detected in strain SI-SN whereas strains SI-SM and SI-

SF showed low sugar content with only 3 and 2 SD metabolites respectively (Figure 

10.1). In case of composition of SD metabolites, in strain SI-ST the sugar content 

consisted of 4 sugar lactones (6.61% of total ion chromatogram (TIC) of SI-ST), 1 

anhydrohexose (2.56% of TIC), 6 sugar acids (11.49% of TIC), 8 reducing sugars 

(13.09% of TIC), 4 nucleic acid sugars (7.74% of TIC), 1 glycoside (1.67% of TIC), 2 

fruit sugars (6.25% of TIC) and 1 trisaccharide and disaccharide each with 2.4 and 4.61% 

of TIC respectively (Table 10.1 a). On the other hand, strain SI-SN also showed 

considerable variety of sugars with 2 fruit sugars (8.31% of TIC), 1 trisaccharide (3.11% 

of TIC), 2 disaccharides (7% of TIC), 2 nucleic acid sugars (4.1% of TIC), 1 

anhydrohexose 1.87% of TIC), 6 reducing sugars (12.99% of TIC), 4 sugar acids (9.51% 

of TIC) and 1 sugar alcohol (2.34% of TIC) (Table 10.1 b).  

The highest number; 11 AAD were detected in the polar fraction of strain SI-SM followed 

by strain SI-SN with 8 AAD metabolites whereas strains SI-ST and SI-SF showed low 

AAD content of 5 AAD metabolites each (Figure 10.1). In strain SI-SM the amino acid 

(AA) content consisted of 4 hydrophobic AA (14.35% of TIC), 2 polar charged AA 

(7.76% of TIC), 1 polar uncharged AA (5.6% of TIC) and 4 amino acid derivatives 

showing 24.32% of TIC (Table 10.1 c) whereas in strain SI-SN 3 hydrophobic AA 

(5.69% of TIC), 2 polar charged AA (4.22% of TIC) and 3 amino acid derivatives (2.16% 

of TIC) were detected (Table 10.1 b).  
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Nucleotides were only detected in polar fraction strain SI-ST consisting of only uridine, a 

single nucleoside with 2.29% of TIC. Furthermore, organic acids and derivatives were 

observed to be present in high amounts in polar fractions of all the strains with highest 

number; 10 detected in strain SI-SN followed by strains SI-ST and SI-SF with 8 OD 

metabolites in each case whereas strain SI-SM showed slightly lower number; 7 of OD 

metabolites (Figure 10.1). When inspecting the individual compounds, in strain SI-SN 3 

phthalic acid esters (17.22% of TIC), 5 organic acid esters (22.23% of TIC) and 2 organic 

acids (3.46% of TIC) were detected (Table 10.1 b). Strain SI-ST showed very high 

amounts of 6 phthalic acid esters comprising 68.68% of TIC followed by 1 organic acid 

and an organic ester with 9.38 and 6.42% of TIC respectively (Table 10.1 a) whereas in 

case of strain SI-SF the main organic acids consisted of 4 phthalic acid esters (22.80% of 

TIC), 1 organic acid (8.14% of TIC) and 3 organic acid ester (4.76% of TIC) (Table 10.1 

d). On the other hand, strain SI-SM showed presence of 2 phthalic acid esters (2.43% of 

TIC), 4 organic acids (11.76% of TIC) and 1 organic acid (2.36% of TIC) (Table 10.1 c).    

The highest number 11 of FAD compounds were detected in polar fraction of strain SI-

SN closely followed by strain SI-SM with 10 FAD metabolites whereas strains SI-ST and 

SI-SF showed 8 and 7 numbers of FAD metabolites respectively (Figure 10.1). In strains 

SI-SN highest number of saturated fatty acids were present with 6.66% of TIC followed 

by 2 short chain fatty acids comprising of 5.06% of TIC, 1 polyunsaturated fatty acid 

(PUFA) (5.35%), 1 monounsaturated fatty acid (MUFA) (1.66% of TIC) and 1 

halogenated fatty acid (1.64% of TIC) (Table 10.1 b). Similarly, in strain SI-SM highest 

number of 6 saturated fatty acid were present with 10.38% of TIC followed by 2 

halogenated fatty acids comprising of 9.15% of TIC, 1 short chain fatty acid (3.10% of 

TIC) and 1 MUFA (0.09% of TIC) (Table 10.1 c). In strain SI-ST, 2 short chain fatty 

acids were detected comprising of 14.63% of TIC. It also showed presence of 4 saturated 

fatty acids (20.94% of TIC), 1 keto fatty acid (11.53% of TIC) and 1 halogenated fatty 

acid (8.64% of TIC) (Table 10.1 a) whereas in strain SI-SF 3 MUFA and 4 saturated fatty 

acids were detected comprising of 17.08 and 9.03% of TIC respectively (Table 10.1 d). 

Furthermore, the highest number of ALD was detected in polar fraction of strain SI-ST 
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Figure 10.1:   Number of metabolite categories detected in polar fraction of AMC extracts of 

cyanobacterial strains SI-SF, SI-ST, SI-SM and SI-SN. 
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showing 9 metabolites followed by strain SI-SN with 6 ALD metabolites whereas strains 

SI-SM and SI-SF showed 4 and 3 numbers of ALD metabolites in their polar fractions 

respectively (Figure 10.1). In strain SI-ST 5 sugar alcohols (7.89% of TIC) and 3 fatty 

alcohols (3.86% of TIC) were detected (Table 10.1 a) whereas strain SI-SN showed 

presence of 3 fatty alcohols (3.9% of TIC), 2 amyl alcohols (4.53% of TIC) and 1 fatty 

acid methyl ester (2.63% of TIC) (Table 10.1 b). Strain SI-SM showed presence of 3 fatty 

alcohols (0.8% of TIC) and 1 fatty acid methyl ester (4.17% of TIC) whereas in strain SI-

SF, 1 fatty alcohol (0.16% of TIC) and 2 fatty methyl esters (4.09% of TIC) were detected 

(Table 10.1 d).   

The highest HD content was detected in polar fraction of strain SI-ST with 10 HD 

metabolites followed by strain SI-SN and SI-SM with 7 and 6 HD metabolites 

respectively, whereas strain SI-Sf showed only 4 HD metabolites (Figure 10.1). In strain 

SI-ST 10 alkanes were detected comprising of 0.6% of TIC (Table 10.1 a) whereas in 

strain SI-SN 6 alkanes (0.5% of TIC) and 1 halogenated alkane (4.43% of TIC) were 

detected (Table 10.1 b). In strain SI-SM 4 alkanes (5.28% of TIC), 1 mercaptan (3.84% of 

TIC), 1 halogenated alkane (14.9% of TIC) (Table 10.1 c) whereas in strain SI-SF only 4 

alkanes (0.52% of TIC) were detected (Table 10.1 d).  

When observing other metabolites all the strains showed considerable production of 

diverse metabolites with highest number of 17 OM detected in strain SI-SN followed by 9 

OM each detected in strains SI-ST, SI-SM and SI-SF (Figure 10.1). In strain SI-SN, a 

diverse variety of secondary metabolites were seen with much contribution from 2 

anthraquinones (29.8% of TIC), inorganic phosphoric acid (10.43% of TIC), oxadiazole 

derivative (12.65% of TIC), acridine derivative (10.21% of TIC), isoquinoline (11.21% of 

TIC), 2 alkaloids (25.2% of TIC) and hydrazine derivative (14.64% of TIC) (Table 10.1 

b). On the other hand, strain SI-ST showed 9 OM with much contribution from 2 

alkaloids (26.65% of TIC), 1 hydrazine derivative (14.87% of TIC), 1 anthraquinone 

(9.62% of TIC) and phosphoric acid (10.42% of TIC). In strain SI-SM out of 9 OM much 

contribution was shown by phenolic compound (12.39% of TIC), oxidiazole derivative 

(10.49% of TIC) and quinazoline derivative (11.61% of TIC) (Table 10.1 c). In case of 

strain SI-SF out of 9 OM much contribution was shown by retinoic acid (12.63% of TIC), 

phytoestrogen (8.75% of TIC), methoxiamine (8.32% of TIC) and benzoxanthene (8.83% 

of TIC) (Table 10.1 d).  

In case of unknown metabolites the highest number of 5 metabolites was detected in 

strain SI-SN closely followed by strain SI-SF with 4 numbers of unknown compounds. 
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Strains SI-SM and SI-ST showed 3 and 2 UM metabolites respectively (Figure 10.1). In 

strain SI-SN the UM metabolites comprised of 15.01% of TIC whereas in strain SI-SF, 

the UM metabolites contributed 4.7% of TIC. In strains SI-ST and SI-SM, the UM 

metabolites contributed 9.1 and 0.1% of TIC respectively. The MS spectra of these 

unknown metabolites did not match with commercially and publicly available databases, 

suggesting the novelty of these compounds. 

The metabolic composition of polar fraction of AMC extracts of four cyanobacterial 

strains with their retention time (RT), molecular formula, molecular weight and 

concentration (peak area % of TIC) are presented in Table 10.1 (a-d).  

Cluster Analysis of Four Cyanobacterial AMC Polar Fractions 

The polar fraction of AMC extracts of four cyanobacterial strains were compared for 

similarities on the basis of their metabolites with cluster variable analysis. It was observed 

that the chemical fingerprints of crude polar fraction of AMC extracts of strains SI-SF, SI-

ST, SI-SM and SI-SN differentiated them into two groups. Group 1, comprised of strain 

SI-SF, shared only 46.83% similarities with group 2 showing that it was quite distinct in 

producing metabolites than the other strains. Group 2 comprised of metabolites from 

strains SI-SM, SI-ST and SI-SN. Strain SI-SM metabolites shared 50.19% similarity with 

metabolites of strain SI-SN, SI-ST and SI-SF which also showed its distinction in the 

production of metabolites from other strains. On the other hand the metabolites of strains 

SI-ST and strain SI-SN showed similarity of 69.48% with each other showing that they 

had biosynthesized metabolites which were similar to each other or belong to similar 

categories of metabolites (Figure 10.2). On the whole, strain SI-SM and SI-SF were the 

strains with less similarity based on their produced polar metabolites. 

Multivariate Analysis of Four Cyanobacterial AMC Polar Fractions 

The comparison of chemical fingerprints of crude polar extracts from strains SI-SF, SI-

ST, SI-SN and SI-SM was further analyzed with multivariate analysis including principle 

component covariance analysis to determine the discriminating metabolites among the 

polar fractions of four AMC extracts. The goal was to develop a mathematical description 

of the metabolic features that most distinguished the four strains. For a better 

visualization, the 263 features from four strains were subjected to principle component 

analysis (PCA). Figure 10.3 (a) shows the score plot for the first two principle component 

explaining variance of 74.47% in which PC1 contributed up to 39.53% in the 
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Table 10.1 a: Metabolites identified in polar fraction of AMC extracts of 

Chroococcidiopsis thermalis SI-ST. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

SUGARS AND DERIVATIVES (SD) 

D-Fructose 36.03 3.01 fruit sugar, Furanose C6H12O6 180.15 

D-Glucose 36.08 3.24 grape sugar, Hexose C6H12O7 180.15 

Kestose 36.12 2.4 trisaccharide C18H32O16 504.44 

Sucrose 36.15 4.61 table sugar, 

disaccharide 

C12H22O11 342.29 

D-Ribose 36.17 1.93 pentose 

monosaccharide 

C5H10O5 150.13 

D-Xylose 36.22 2.11 Aldopentose  

reducing sugar 

C5H10O5 150.13 

2-Deoxy-galactopyranose 36.45 1.94 Nucleic acid sugar C6H12O 164.156 

D-Arabinose 36.47 1.93 Gum Arabic,  C5H10O5 150.13 

β-D-Galactose 36.49 1.94 Monosaccharide C6H12O 180.15 

2-Deoxy-D-erythro-

pentopyranose 

36.59 1.95 Thyminose, deoxy 

sugar 

C5H10O 134.13 

2-Furanacetaldehyde 36.04 1.54 Reducing sugar C6H6O2 110.11 

Methyl β-D-ribofuranoside 36.06 1.67 Glycoside C6H12O 164.15 

D-Erythrofuranose 36.07 1.74 Reducing sugar C4H8O4 120.1 

Melibiose 36.14 1.94 Disaccharide, reducing 

sugar 

C12H22O11 342.3 

2-Deoxy ribose 36.18 1.92 Monosaccharide, 

deoxy sugar 

C5H10O4 134.13 

Lyxose 36.2 1.84 Monosaccharide, 

reducing sugar,  

C5H10O5 150.13 

Maltose 36.25 1.98 Disaccharide C12H22O11 342.30  

D-Mannose 36.28 1.98 Aldohexose,  

reducing sugar 

C6H12O6 180.156 

D-Altrose 36.29 1.98 Aldohexose,  

reducing sugar 

C6H12O6 180.156 

D-Turanose 36.3 1.94 Disaccharide,  

reducing sugar 

C12H22O11 342.30  

Mannonic acid 36.34 1.83 Sugar acid,  C6H12O7 196.155 

D-Glucuronic acid 36.37 1.94 Sugar acid, precursor 

of vitamin C 

C6H10O7 194.14 

L-Gluconic acid 36.42 1.69 Sugar acid C6H12O 196.155 

Altronic acid 36.43 1.98 Sugar acid C6H12O 196.155 

D-Arabinonic acid 36.46 2.11 Sugar acid, gum 

Arabic 

C5H10O6 166.12 

D-glycero-L-manno-heptonic -

g-lactone 

36.47 1.88 High Sugar acid 

lactone 

C7H12O7 208.165 

L-Altronic acid gamma-lactone 36.53 1.34 Sugar acid lactone C6H10O6 178.14 

D-Xylonic acid gamma-lactone 36.54 1.74 Sugar acid lactone C5H8O5 148.114 

L-Gulonic acid gama-lactone 36.58 1.73 Sugar acid lactone C6H10O6 178.14 

3,4,5-Trihydroxypentanoic acid 36.66 1.93 Sugar acid C5H10O5 150 

Levoglucosan 36.04 2.56 Anhydrohexose  C6H10O5 162.14 
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Table 10.1 a:   Continue Polar Fraction Chroococcidiopsis thermalis SI-ST. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

2-aminosuccinic acid 18.96 0.18 aspartic acid (PC) C2H6N2O 74.0824 

Pyroglutamic acid  19.19 0.94 Pidolic acid  C5H7NO3 129.1143 

Piperidinecarboxylic acid 19.20 0.94 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.21 1.33  Cycloleucine C6H11NO2 129.157 

Glutamic acid  20.98 1.24 Polar Charged  C5H9NO4 147.13 

NUCLEIC ACIDS (N) 

Uridine 36.05 2.29 Nucleoside / 

Riboside  

C9H12N2O6 244.2 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 9.38 Oxalic acid C₂H₂O₄ 90.03 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 11.6 Phthalic acid ester C26H42 418.60 

Di-n-octyl phthalate 33.67 12.94 Adipic acid ester C22H42O4 370.56 

Hexanedioic acid, mono (2-

ethylhexyl)ester 

33.70 10.97 Adipic acid ester C22H42O4 370.56 

Hexanedioic acid, bis (2-

ethylhexyl) ester 

33.71 6.38 Adipic acid ester C22H42 370.56 

Methoxyacetic acid, 2-

ethylhexyl ester 

33.88 6.42 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

1,2-Benzenedicarboxylic acid, 

diisooctyl ester 

35.72 9.15 Phthalic acid ester C24H38O4 390.55 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 17.64 Mono(2-ethylhexyl) 

phthalate 

C16H22O4 278.34 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid  9.87 4.85 Acetic acid, Short 

chain Fatty acid  

CH3COOH 60.05 

Dodecanoic acid  21.76 2.21 Lauric acid C12H24O2 200.32 

Tetradecanoic acid  25.31 0.96 Myristic acid C14H28O2 228.37 

Hexadecanoic acid  28.23 8.69 Palmitic acid C16H32O2 256.42 

5-oxo-Hexanoic acid 28.53 11.53 5-keto caproic acid C6H10O3 130.14 

11-chloroundecanoic acid,  28.55 8.64 Halogenated FA C11H21ClO2 220.73 

Octadecanoic acid  31.51 9.08 Oleic acid C18H34O2 282.46 

Hexylmalonic acid 36.44 9.78 Short chain Fatty 

acids 

C9H16O4 188.22 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 20.04 0.5 Lauryl alcohol C12H26O 186.34 

1-Tridecanol 21.75 2.76 1-Tridecanol C13H28O 200.36 

Myo-inositol 23.30 2.13 Scyllo-inositol C6H12O6 180.15 

1-Octadecanol 30.17 0.6 Stearyl alcohol C18H38O 270.49 

Ribitol 36.04 1.93 Internal standard C5H12O5 152.14 

D-Glucitol 36.05 1.88 Sorbitol C6H14O6 182.17 

Xylitol 36.76 1.56 Wood sugar alcohol C5H12O5 152.15  

Arabitol 36.77 1.22 sugar alcohol C5H12O5 152.14 

Threitol 36.91 1.1 Dia-stereomer of 

Erythritol. 

C4H10O4 122.12 
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Table 10.1 a:   Continue Polar Fraction Chroococcidiopsis thermalis SI-ST. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

HYDROCARBONS AND DERIVATIVES (HD) 

Heneicosane 19.23 0.07 Alkane isomer C21H44 296.57 

Heptadecane 19.26 0.09 Alkane Hydrocarbon C₁₇H₃₆ 240.48 

Octadecane 19.35 0.06 Alkane Hydrocarbon C18H38 254.49 

Eicosane 19.38 0.07 Alkane Hydrocarbon C20H42  282.54 

Nonadecane 19.76 0.04 Alkane Hydrocarbon C19H40 268.51 

Tricosane 19.66 0.03 Alkane Hydrocarbon C23H48 324.62 

Tetradecane 22.25 0.05 Alkane Hydrocarbon C14H30 198.39 

Pentadecane 22.27 0.06 Alkane Hydrocarbon C15H32 212.42 

Tridecane 22.59 0.05 Alkane Hydrocarbon C13H28 184.37 

Dodecane 22.94 0.08 Alkane Hydrocarbon C12H26 170.33 

OTHER METABOLITES (OM) 

Phosphoric acid  13.29 10.45 inorganic acid H3PO4 97.9937 

2,6-Ditertbutylphenol  19.38 2.12 Alkylated Phenol C14H22O  206.3239 

Triethanolamine  21.05 1.6 Ethanol amine C6H15NO3 149.188 

2-Hydroxy-3-

methylanthraquinone 

24.27 9.62 Anthraquinone  C15H10O3 238.238 

Dibenz[a,j]acridine 24.36 3.56 Acridine C21H13N 279.33 

Indole-3-lactic acid 25.31 2.45 Indole derivative 

phytohormone 

C11H11NO3 205.2 

1-(3-Spiro-cyclopentane-3,4-

dihydro-isoquinolin-1-ylmethyl)-

3,3-dimethyl-3,4-dihydro-

isoquinoline 

31.50 13.21 Isoquinoline 

alkaloid 

C25H28N2 356.5 

Aspidofractinine-3-methanol, 

(2à,3á,5à)- 

35.66 13.44 Kopsinyl alcohol/ 

Indole Alkaloid 

C20H26N2O 310.433 

9-(2',2'-

Dimethylpropanoilhydrazono)-

3,6-dichloro-2,7-bis-[2-

(diethylamino)-ethoxy]fluorene 

35.69 14.87 Hydrazine derivative C30H42Cl2

N4O3 

577.58 

UNKNOWN METABOLITES (UM) 

Classified unknown 25.57 0.06 ― ― 148 

Classified unknown 9.64 8.99 ― ― 306 

Classified unknown 18.49 0.05 ― ― 191 

*Names derived from NIST and GMD databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 

 

 

 

 

 

 

 

 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C20H42&sort=mw&sort_dir=asc


Identification of bioactive small molecules with GC-MS  Chapter 10 
 

380 
 

Table 10.1 b: Metabolites identified in polar fraction of AMC extracts of Nostoc sp. 

SI-SN. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

SUGARS AND DERIVATIVES (SD) 

D-Fructose 36.03 4.33 fruit sugar, Furanose C6H12O6 180.15 

D-Glucose 36.08 3.98 grape sugar, Hexose C6H12O7 180.15 

Kestose 36.12 3.11 trisaccharide C18H32O16 504.44 

Sucrose 36.15 4.76 Table sugar, 

disaccharide 

C12H22O11 342.29 

D-Ribose 36.17 2.12 pentose  

monosaccharide 

C5H10O5 150.13 

D-Xylose 36.22 2.34 Aldopentose 

monosaccharide, 

reducing sugar 

C5H10O5 150.13 

D-Arabinose 36.47 2.06 Gum Arabic, 

Aldopentose 

monosaccharide 

C5H10O5 150.13 

β-D-Galactose 36.49 2.14 Monosaccharide, C-4 

epimer of glucose. 

C6H12O 180.15 

2-Deoxy-D-erythro-

pentopyranose 

36.59 1.98 Thyminose,  

Deoxy sugar 

C5H10O 134.13 

Melibiose 36.14 2.1 Disaccharide,  

reducing sugar 

C12H22O11 342.3 

Lyxose 36.2 1.93 Monosaccharide,  

reducing sugar 

C5H10O5 150.13 

Levoglucosan 36.04 1.87 Anhydrohexose C6H10O5 162.14 

Maltose 36.25 2.24 Disaccharide C12H22O11 342.30  

D-Mannose 36.28 2.05 Aldohexose,  

reducing sugar 

C6H12O6 180.15 

D-Altrose 36.29 2.25 Aldohexose, 

 reducing sugar 

C6H12O6 180.15 

D-Turanose 36.3 2.32 Disaccharide,  

reducing sugar 

C12H22O11 342.30  

Mannonic acid 36.34 3.23 Sugar acid, C6H12O7 196.15 

D-Glucuronic acid 36.37 2.11 Sugar acid, precursor  

of vitamin C 

C6H10O7 194.14 

L-Gluconic acid 36.42 1.78 Sugar acid C6H12O 196.155 

Altronic acid 36.43 2.39 Sugar acid C6H12O 196.15 

Glycerol 13.13 2.34 Sugar alcohol C3H8O3 92.09 

UNKNOWN METABOLITES (UM) 

classified unknown 9.63 2.24 ― ― 133 

classified unknown 9.66 3.32 ― ― 147 

classified unknown 18.33 3.46 ― ― 191 

classified unknown 18.49 5.54 ― ― 306 

classified unknown 29.67 0.45 ― ― 221 

*Names derived from NIST and GMD databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 
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Table 10.1 b:   Continue Polar fraction of Nostoc sp. SI-SN. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

2-Aminosuccinic acid 18.96 3.27 Aspartic acid (polar 

charged) 

C4H7NO4 133.11  

Pyroglutamic acid  19.19 0.98 Pidolic acid  C5H7NO3 129.11 

Piperidinecarboxylic acid 19.20 0.25 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.21 0.93  Cycloleucine C6H11NO2 129.15 

Glutamic acid  20.98 0.95 Polar charged C5H9NO4 147.13  

Phenylalanine  21.16 1.21 Hydrophobic C9H11NO2 165.19 

Tyrosine  26.01 2.12 Hydrophobic C9H11NO3 181.19 

Tryptophan 31.03 2.36 Hydrophobic C11H12N2O2 204.22 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 2.23 Oxalic acid C₂H₂O₄ 90.03 

Tricarballylic acid 23.17 1.23 Tricarboxylic acid C6H8O6 176.12 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 0.15 Phthalic acid ester C26H42 418.6 

Di-n-octyl phthalate 33.67 4.15 Adipic acid ester C22H42O4 370.5665 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 12.92 Mono(2-ethylhexyl) 

phthalate 

C16H22O4 278.3458 

Methoxyacetic acid, 2-

ethylhexyl ester 

33.88 0.32 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

2-Ethylhexyl mercaptoacetate 34.69 9.28 2-Ethylhexyl 

thioglycolate 

C10H20O2S 204.32 

Sulfurous acid, octyl 2-pentyl 

ester 

34.94 4.11 Sulfurous acid ester C13H28O3S 264.42 

Trichloroacetic acid, 2-

ethylhexyl ester 

35.11 4.56 Trichloroacetic acid 

ester 

C10H17Cl3

O2 

275.59 

4-Nitrobenzoic acid, 2-

ethylhexyl ester 

35.76 3.96 Ethylhexyl 4-

nitrobenzoate ester 

C15H21NO4 279.33 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid 9.71 1.89 Acetic acid / Short 

chain FA 

CH3COOH 60.05 

Dodecanoic acid  21.77 0.41 Lauric acid C12H24O2 200.32 

Tetradecanoic acid  25.31 0.65 Myristic acid C14H28O2 228.37 

Hexadecenoic acid 28.50 1.62 Palmitic acid C16H32O2 256.42 

11-bromoundecanoic acid 28.55 1.64 Halogenated FA C11H21BrO2 265.18 

Tetracosanoic acid 28.58 1.59 Lignoceric acid C24H48O2 368.63 

9-Hexadecenoic acid 28.59 1.66 Palmitelaidic acid 

MUFA 

C16H30O2 254.40 

9-cis,12-cis-Octadecadienoic 

acid 

30.66 5.35 Linoleic acid 

Ω-6 PUFA 

C18H32O2 280.45 

Octadecanoic acid  31.51 0.71 Oleic acid C18H34O2 282.46 

Pentadecanoic acid 31.51 1.68 Pentadecylic acid C15H30O2 242.39 

n-Butyric acid 2-ethylhexyl ester 28.32 3.17 Short chain fatty 

acid ester 

C12H24O2 200.31 
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Table 10.1 b:   Continue Polar fraction of Nostoc sp. SI-SN. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 20.05 2.64 Lauryl alcohol C12H26O 186.34 

Tridecan-1-ol 21.76 0.94 1-Tridecanol C13H28O 200.36 

1-Pentanol 35.69 3.56 Straight chain Amyl 

alcohol 

C5H12O 88.148 

Heptadecan-1-ol 23.53 0.32 Margaryl alcohol C17H36O 256.46 

1-Octanol, 2-methyl- 26.34 2.63 2-Methyl-1-octanol C9H20O 144.255 

1-Hexanol 35.68 0.97 Hexanol C6H14O 102.24 

HYDROCARBONS AND DERIVATIVES (HD) 

Octadecane, n- 18.3 0.1 Alkane Hydrocarbon C18H38 254.49 

Nonadecane 18.38 0.08 Alkane Hydrocarbon C19H40 268.52 

Tridecane, n- 19.23 0.06 Alkane Hydrocarbon C13H28 184.37 

Dodecane 19.21 0.09 Alkane Hydrocarbon C12H26 170.33 

Tetradecane, n- 19.33 0.08 Alkane Hydrocarbon C14H30 198.39 

Eicosane, n- 19.38 0.09 Alkane Hydrocarbon C20H42 282.54 

3-Bromooctane 36.08 4.43 Halogenated alkane C8H17Br 193.12 

OTHER METABOLITES (OM) 

Phosphoric acid 13.32 10.43 Inorganic acid H3PO4 97.9937 

[1,2,4] Oxadiazole, 5-(4-tert-

butylphenoxymethyl)-3-

(thiophen-2-yl)- 

13.35 12.65 Oxadiazole 

derivative 

C17H18N2O2

S 

314.4 

Lumichrome 14.74 7.33 Riboflavin (vitamin 

B2) derivative 

C12H10N4O2 242.23 

Phytol 16.68 1.79 Diterpene C20H40O 296.53 

2,6-Ditertbutylphenol  19.38 3.21 Alkylated Phenol C14H22O  206.323

9 

3',8,8'-Trimethoxy-3-piperidyl-

2,2'-binaphthalene-1,1',4,4'-

tetrone 

20.04 9.32 Aromatic tetrone C28H25NO7 487.5 

2-methylanthraquinone 24.23 12.88 Anthraquinone 

derivative 

C15H10O2 222.23 

2-Hydroxy-3-

methylanthraquinone 

24.28 16.92 Anthraquinone 

derivative 

C15H10O3 238.2 

6H-Dibenzo[b,d] pyran-1-ol 24.32 6.49 Dronabinol C21H30O2 314.46 

Dibenzo [a,j] acridine 24.36 10.21 Acridine C21H13N 279.33 

Oxirane ethanol, 3-[8-(3-

methyloxiranyl)octyl]-, acetate 

28.54 8.56 Cyclic ether 

derivative 

C17H30O4  298.41 

[1,1'-Biphenyl]-4-

carboxylicacid, 4'-[[1-oxo-3-[4-

(tetradecyloxy)phenyl]-2-

propyn-1-yl]oxy]-,(1S)-1-

methylheptyl ester 

 

 

31.52 

 

 

7.88 

 

Biphenyl 

carboxylate ester 

 

 

C36H46O5 
 

 

 

558.75 

6,7,8-Trimethyl-7H-

dibenzo[c,h]xanthene-5,9-diol 

31.57 9.34 Xanthene C24H20O3 356.41 
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Table 10.1 b:   Continue Polar fraction of Nostoc sp. SI-SN. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

OTHER METABOLITES (OM) 

1-(3-Spiro-cyclopentane-3,4-

dihydro-isoquinolin-1-ylmethyl)-

3,3-dimethyl-3,4-dihydro-

isoquinoline 

31.50 11.21 Isoquinoline 

alkaloid 

C25H28N2 356.5 

N,N-Di-(3-p-

carbamoylmethylphenoxy-2-

hydroxypropyl) isopropylamine 

33.74 2.23 Amide derivative C25H35N3O6 473.56 

Aspidofractinine-3-methanol, 

(2à,3á,5à)- 

35.66 13.99 Kopsinyl alcohol/ 

Indole Alkaloid 

C20H26N2O 310.433 

9-(2',2'-

Dimethylpropanoilhydrazono)-

3,6-dichloro-2,7-bis-[2-

(diethylamino)-ethoxy]fluorene 

35.69 14.64 Hydrazine derivative C30H42Cl2 

N4O3 

577.58 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 
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Table 10.1 c: Metabolites identified in polar fraction of AMC extracts of Leptolyngbya 

sp. SI-SM. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

SUGARS AND DERIVATIVES (SD) 

6-deoxy-Mannopyranose 25.29 0.13 D-rhamnopyranose / 

carbohydrate 

C6H12O5 164.15 

Glucopyranose, D-  25.30 0.21 D-Glucose/ 

carbohydrate 

C6H12O6 180.15 

Cellobiose, D-  26.95 0.16 Disaccharide, 

reducing sugar 

C12H22O11 342.3 

AMINO ACIDS AND DERIVATIVES (AAD) 

Threonine  15.89 5.6 Polar uncharged  C4H9NO3 119.11 

Tryptophan, 5-hydroxy-  15.89 7.44 oxitriptan, 

hydrophobic 

C11H12N2O3 220.22 

Aspartic acid  18.96 5.33 Polar charged C4H7NO4 133.11  

Pyroglutamic acid  19.19 2.33 Pidolic acid  C5H7NO3 129.11 

Piperidinecarboxylic acid 19.20 9.14 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.21 5.41  Cycloleucine C6H11NO2 129.15 

Glycine 19.20 4.23 Hydrophobic C2H5NO2 75.06 

Glutamic acid  20.98 2.43 Polar charged C5H9NO4 147.13  

Phenylalanine  21.16 4.21 Hydrophobic C9H11NO2 165.19 

Tyrosine  26.01 2.12 Hydrophobic C9H11NO3 181.19 

Tryptophan 31.03 1.36 Hydrophobic C11H12N2O2 204.22 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 2.36 Oxalic acid C₂H₂O₄ 90.03 

Iminodiacetic acid  18.95 6.34 2-(Carboxy- methyl 

amino) acetic acid 

C4H7NO4 133.10  

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 0.12 Phthalic acid ester C26H42 418.6 

Di-n-octyl phthalate 33.67 2.31 Adipic acid ester C22H42O4 370.56 

Bis(2-ethylhexyl) maleate 33.80 2.18 Maleic acid ester C20H36O4 340.49 

Methoxyacetic acid, 2-

ethylhexyl ester 

33.82 3.19 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

Sulfurous acid, octyl 2-pentyl 

ester 

34.94 0.05 Sulfurous acid ester C13H28O3S 264.42 

UNKNOWN METABOLITES (UM) 

classified unknown 9.64 0.06 ― ― 369 

classified unknown 9.86 0.04 ― ― 234 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 20.04 0.05 Lauryl alcohol C12H26O 186.34 

n-Tridecan-1-ol 21.76 0.12 1-Tridecanol C13H28O 200.36 

n-Heptadecan-1-ol 23.53 0.63 Margaryl alcohol C17H36O 256.46 

1-Octanol, 2-methyl- 25.58 4.17 2-Methyloctanol C9H20O 144.25 
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Table 10.1 c:   Continue Polar Fraction Leptolyngbya sp. SI-SM. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid 9.71 3.10 Acetic acid / Short 

chain FA 

CH3COOH 60.05 

Dodecanoic acid 21.75 1.38 Lauric acid C12H24O2 200.32 

Tetracosanoic acid 28.03 0.13 Lignoceric acid C24H48O2 368.6367 

10-fluorodecanoic acid  28.53 3.38 10-fluoro-

capric acid 

C10H19FO2 190.25 

11-Eicosanoic acid 28.93 0.09 Gondoic acid/  

Ω-9 MUFA 

C20H38O2 310.518 

Nonadecanoic acid 28.38 0.02 Nonadecylic acid C19H38O2 298.5038 

Hexadecanoic acid 28.23 0.81 Palmitic acid C16H32O2 256.424 

Heptadecanoic acid  31.50 3.41 Margaric acid C17H34O2 270.45 

Octadecanoic acid 31.51 4.63 Oleic acid C18H34O2 282.465 

2-Bromopropanoic acid 33.70 5.77 Halogenated FA C3H5BrO2 152.97 

HYDROCARBONS AND DERIVATIVES (HD) 

Dodecane 19.21 2.09 Alkane Hydrocarbon C12H26 170.33 

Tridecane, n- 19.23 1.06 Alkane Hydrocarbon C13H28 184.37 

Tetradecane, n- 19.33 1.08 Alkane Hydrocarbon C14H30 198.39 

1-Fluorooctane 19.19 14.9 Halogenated alkane C8H17F 132.21 

1-Hexanethiol 28.68 3.84 Hexyl mercaptan C6H14S 118.24 

Pentadecane, n- 23.31 1.05 Alkane Hydrocarbon C15H32 212.42 

OTHER METABOLITES (OM) 

5-Isocyanato-2-(4-thiazolyl)-1H-

benzimidazole 

13.29 4.56 Benzimidazole 

derivative 

C11H6N4OS 242.25 

Phosphoric acid 13.30 1.46 inorganic acid H3PO4 97.9937 

2,6-Ditertbutylphenol  19.37 12.39 Alkylated Phenol C14H22O  206.3239 

5-[3-(tert-butyl)-1-(3-

methylbenzyl)-1h-pyrazol-5-yl]-

1,3,4-oxadiazole-2-thiol 

23.30 10.49 Oxadiazole 

derivative 

C17H20N4 

OS 

328.43 

6H-Dibenzo[b,d]pyran-1-ol 24.32 3.78 Dronabinol C21H30O2 314.46 

Dibenzo [a,j] acridine 24.36 4.73 Acridine C21H13N 279.33 

2-Hydroxy-3-

methylanthraquinone 

24.22 8.59 Anthraquinone 

derivative 

C15H10O3 238.2 

Quinazoline, 2-(p-anisyl)-5,8-

dimethyl-4-methylthio- 

24.27 11.61 Quinazoline 

Alkaloid 

C18H18N2

OS 

310.41 

1,2-Cyclohexanedione 34.01 0.63 Cyclohexanone C6H8O2 112.12 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 

 

 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H26&sort=mw&sort_dir=asc
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Table 10.1 d: Metabolites identified in polar fraction of AMC extracts of Oscillatoria 

sp. SI-SF. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

SUGARS AND DERIVATIVES (SD) 

Kestose 36.02 0.03 trisaccharide C18H32O16 504.44 

Sucrose  36.04 0.01 disaccharide C12H22O11 342.29 

AMINO ACIDS AND DERIVATIVES (AAD) 

Pyroglutamic acid  19.19 0.36 Pidolic acid  C5H7NO3 129.11 

2-Piperidinecarboxylic acid  19.20 1.37 Pipecolic acid C6H11NO2  270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.82 1.51  Cycloleucine C6H11NO2 129.15 

2-Aminoacetic acid 13.96 0.56 Glycine  C2H5NO2 75.06 

2-aminosuccinic acid 18.94 0.21 Aspartic acid C2H6N2O 74.08 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 8.14 Oxalic acid C₂H₂O₄ 90.03 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.68 4.88 Phthalic acid ester C26H42 418.6 

Di-4-octanyl adipate 33.66 8.65 Adipic acid ester C22H42O4 370.56 

Phthalic acid, isobutyl octyl ester 34.63 9.21 Phthalic acid ester C20H30O4 334.44 

Methoxyacetic acid, 2-ethylhexyl 

ester 

33.88 4.62 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

Sulfurous acid, octyl 2-pentyl 

ester 

35.12 0.06 Sulfurous acid 

ester 

C13H28O3S 264.42 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 0.06 Mono (2ethyl 

hexyl) phthalate 

C16H22O4 278.34 

Trichloroacetic acid, 2-ethylhexyl 

ester 

35.21 0.08 Trichloroacetic 

acid ester 

C10H17Cl3O2 275.59 

FATTY ACIDS AND DERIVATIVES (FAD) 

Dodecanoic acid 21.76 1.84 Lauric acid C12H24O2 200.32 

Hexadecanoic acid  28.23 3.29 Palmitic acid C16H32O2 256.42 

9-Hexadecenoic acid 28.53 13.66 Palmitoleic acid/ 

Ω-7 MUFA 

C16H30O2 254.40 

Octanoic acid 28.58 1.63 n-Caprylic acid C8H16O2 144.21 

9-Tetradecenoic acid 29.67 1.63  Myristoleic acid/ 

Ω-5 MUFA 

C14H26O2 226.35 

Octadecanoic acid 31.56 2.27 Oleic acid C18H34O2 282.46 

11-Eicosenoic acid 31.61 1.79 Gondoic acid/  

Ω-9 MUFA 

C20H38O2 310.51 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecan-1-ol 20.05 0.16 Lauryl alcohol C12H26O 186.34 

1-Octanol, 2-methyl- 26.89 0.83 2-Methyloctanol C9H20O 144.25 

1-Heptanol, 2,4-dimethyl-, 

(2S,4R)-(-)- 

28.45 3.26 2,4-Dimethyl-1-

heptanol 

C9H20O 144.25 

HYDROCARBONS AND DERIVATIVES (HD) 

Octadecane, n- 18.30 0.11 Hydrocarbon C18H38 254.49 

Nonadecane, n- 18.38 0.13 Hydrocarbon C19H40 268.52 

Eicosane, n- 19.38 0.16 Hydrocarbon C20H42 282.54 

Dodecane, n- 19.42 0.12 Hydrocarbon C12H26 170.33 

 

 

 

 

https://en.wikipedia.org/wiki/Disaccharide
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C6H11NO2&sort=mw&sort_dir=asc
http://gmd.mpimp-golm.mpg.de/Metabolites/ba71c79b-c9b1-451a-a5be-b480b5cc7d0c.aspx
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C18H38&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C19H40&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C20H42&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H26&sort=mw&sort_dir=asc
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Table 10.1 d:   Continue Polar Fraction Oscillatoria sp. SI-SF. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

OTHER METABOLITES (OM) 

O-Methylhydroxylamine 9.65 8.32 Methoxyamine CH5NO  47.05 

Phosphoric acid  13.28 1.56 Inorganic acid H3PO4 97.99 

 Bisphenol A (4,4′ 

isopropylidenediphenol) 

13.97 8.75 Phycoestrogen C15H16O2 228.28 

2,6-Ditertbutylphenol  19.37 0.31 Alkylated Phenol C14H22O  206.32 

Dibenzo [a,j] acridine 24.36 0.98 Acridine C21H13N 279.33 

3-hexyl-7,8,9,10-tetrahydro-

6,6,9-6H-Dibenzo(b,d)pyran-1-

ol 

25.31 3.45 Parahexyl/ 

Benzopyrans 

C22H32O2 328.48 

(9cis)-4-Oxoretinoic acid 31.50 12.63 Retinoic acid C20H26O3 314.41 

6,7,8-Trimethyl-7H-

dibenzo[c,h]xanthene-5,9-diol 

31.51 8.83 Benzoxanthene C24H20O3 356.41 

 3-methyl-1-Butanethiol 36.01 0.65 Isoamyl mercaptan C5H12S 104.21 

UNKNOWN METABOLITES 

classified unknown 1 9.62 2.72 ― ― 134 

classified unknown 2 37.34 0.27 ― ― 306 

classified unknown 3 25.56 0.93 ― ― 361 

classified unknown 4 18.48 0.78 ― ― 362 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=CH5NO&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/compound/Isoamyl_mercaptan
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                                                           Number 

                                                          of obs. 

      Number of  Similarity  Distance  Clusters      New   in new 

Step   clusters       level     level   joined   cluster  cluster 

   1          3     69.4827   0.61035  2      4        2        2 

   2          2     50.1975   0.99605  2      3        2        3 

   3          1     46.8329   1.06334  1      2        1        4 

 

 
 

 

Figure 10.2:   Cluster analysis of polar fraction Dendrogram of complete linkage and 

correlation coefficient distance between metabolites obtained from GC-MS data of polar fractions 

of AMC extracts of four cyanobacterial strains; Oscillatoria sp. SI-SF (SF), Chroococcidiopsis 

thermalis SI-ST (ST), Nostoc sp. SI-SN (SN) and Leptolyngbya sp. SI-SM (SM). 
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discrimination of the four strains whereas PC 2 contributed up to 34.94%. It can be 

observed that the four strains showed clear variance as each strain occupied a distinct area 

of the plot. The PCA analysis revealed similar clustering of the strains as shown in the 

cluster analysis (Figure 10.2). Comparisons between individual strains indicated that the 

metabolic differences between them were on the scale of differences observed between 

cyanobacteria of different genera. According to chemical fingerprints of each strain, 

regardless of their concentrations, strain SI-ST exhibited 31 unique features followed by 

strains SI-SN and SI-SM which exhibited 21 and 20 unique features. Conversely strain 

SI-SF was only presented with 14 unique features.   

To further assess the discriminating features that strongly contributed to the differences 

between these four strains, loading plot of corresponding score plot of PCA analysis was 

investigated (Figure 10.3 b). The results showed that out of 31 features, strain SI-ST 

biosynthesized 12 features in high quantities that included; methoxyacetic acid (6.42% of 

TIC), DEHA (6.38% of TIC), hexanedioic acid (8.69% of TIC), DOP (12.94% of TIC), 

octadecanoic acid (9.08% of TIC), 11-chloroundecanoic acid (8.64% of TIC) oxalic acid 

(9.38% of TIC), hexylmalonic acid (9.78% of TIC), BCA-diisooctyl ester (9.15% of TIC), 

HA mono-phthalate (10.97% of TIC), 5-oxo-hexanoic acid (11.53% of TIC) and 

ethyloctyl phthalate (11.6% of TIC). Out of 21 unique features, strain SI-SN also showed 

biosynthesis of 12 features in high quantities that included; 2-methyl anthraquinones 

(12.88% of TIC), 124- oxadiazole (12.65% of TIC), HM-anthraquinone (16.92% of TIC), 

aromatic tetron (9.32% of TIC), Oxirane ethanol (8.56% of TIC), dronabinol (6.49% of 

TIC), biphenyl (7.88% of TIC), xanthenediol (9.34% of TIC), linoleic acid (5.35% of 

TIC), acridine (10.21% of TIC), lumichrome (7.33% of TIC) and unknown metabolite 

306 (5.54% of TIC). Furthermore, 4 compounds were biosynthesized in high amounts in 

both SI-ST and SI-SN strains that included; aspidofractine with 13.44 and 13.99% of TIC 

of SI-ST and SI-SN respectively, MEHP (17.64 and 12.92% of TIC respectively), spiro-

isoquinoline (13.21 and 11.21% of TIC respectively) and phosphoric acid (10.45 and 

10.43% of TIC respectively). In case of strain SI-SM, out of 20 features 4 features were 

biosynthesized in comparatively high quantities which included; ditertiarybutyl (12.39% 

of TIC), 134-oxadiazole (10.49% of TIC), 1-fluorooctane (14.9% of TIC) and quinazoline 

(11.61% of TIC) whereas in case of strain SI-SF out of 14 features 4 features were present 

in high quantities that included; retinoic acid (12.63% of TIC), isobutyl phthalate (9.21% 

of TIC), o-methyl-hydroxylamine (8.32% of TIC) and 9-hexadecenoic acid (13.66%).  
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(A).  

 

 

(B).  

 

Figure 10.3:   Multivariate Principle Component Analysis (PCA) of polar fraction. PCA-

covariance analysis of metabolites obtained from GC-MS data of polar fractions of AMC extracts 

of four cyanobacterial strains; Oscillatoria sp. SI-SF (SF), Chroococcidiopsis thermalis SI-ST (ST), 

Nostoc sp. SI-SN (SN) and Leptolyngbya sp. SI-SM (SM). (A). Score-plot of metabolites in polar 

fractions of four strains. Distance along the horizontal axis indicates that the corresponding strains 

differ with regard to principal component 1, while distance along the vertical axis indicates 

differences with regard to principal component 2.  (B). Loading plot revealing the metabolites with 

large intensities responsible for the discrimination of the corresponding score plot. Group 1, 2, 3 

and 4 indicate features in SN, ST, SM and SF respectively whereas group 5 indicates shared 

features in strains SN and ST.  
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Metabolite Composition of Non-Polar Fractions of AMC Extracts 

The total ion chromatograms (TIC) of non-polar fraction of four cyanobacterial strains 

obtained with AMDIS are given in annexure I. GC-MS based non-targeted metabolite 

fingerprinting of non-polar fractions of four cyanobacterial strains; SI-SF, SI-ST, SI-SM 

and SI-SN revealed the presence of 102 compounds total with highest number of 58 

compounds detected in Chroococcidiopsis thermalis closely followed by SI-ST Nostoc 

sp. SI-SN with 53 compounds. Leptolyngbya sp. SI-SM and Oscillatoria sp. SI-SF 

showed 43 and 35 total compounds in their non-polar fractions respectively. The 

compounds were classified according to their classes which included; amino acids and 

derivatives (AAD), organic acids and derivatives (OD), fatty acids and derivatives (FAD), 

alcohols and derivatives (ALD), hydrocarbons and derivatives (HD), other metabolites 

(OM) including diverse secondary metabolites and finally the classified unknown 

compounds (UM).  

The results revealed that the highest number; 3 AAD metabolites were detected in the 

non-polar fractions of strains SI-ST, SI-SN and SI-SM each followed by strain SI-SF with 

only 2 AAD metabolites (Figure 10.4). In strains SI-ST, SI-SN and SI-M the amino acid 

(AA) content consisted of 3 amino acid derivatives showing 0.48, 3.92 and 10.05% of 

TIC respectively (Table 10.1 a-c) whereas in strain SI-SF 2 amino acid derivatives with 

0.33% of TIC were detected (Table 10.1 d). 

Furthermore, organic acids and derivatives were observed to be present in high amounts 

in non-polar fractions of strains SI-SN with 14 OD metabolites closely followed by strain 

SI-ST with 13 OD metabolites whereas strains SI-SF and SI-SM showed comparatively 

lower number of 7 and 6 OD metabolites respectively (Figure 10.4). When inspecting the 

individual compounds, in strain SI-SN 3 phthalic acid esters (22.54% of TIC), 5 organic 

acid esters (20.13% of TIC) and 6 organic acids (18.21% of TIC) were detected (Table 

10.2 b). Strain SI-ST showed 3 phthalic acid esters comprising 30.12% of TIC followed 

by 6 organic acid esters, 1 keto acid (8.63% of TIC) and 2 organic acids with 24.85 and 

6.33% of TIC respectively (Table 10.2 a) whereas in case of strain SI-SF the main organic 

acids consisted of 4 phthalic acid esters (44.98% of TIC) and 3 organic acid ester (14.03% 

of TIC) (Table 10.2 d). On the other hand, strain SI-SM showed presence of 2 phthalic 

acid esters (25.4% of TIC), 1 organic acid (10.36% of TIC), 7 other organic acid esters 

(29.42% of TIC) (Table 10.2 c).  

The highest number of 10 FAD compounds was detected in polar fraction of strain SI-ST  
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followed by strain SI-SN, SI-SM and SI-SF which showed 8, 7 and 5 FAD metabolites 

respectively (Figure 10.4). In strains SI-ST, highest number of saturated fatty acids were 

present with 22.04% of TIC followed by 1 short chain fatty acid comprising of 3.83% of 

TIC and 1 halogenated fatty acid (9.64% of TIC) (Table 10.1 a). Similarly, in strain SI-

SN, 4 saturated fatty acid were present with 2.21% of TIC followed by 1 halogenated 

fatty acid comprising of 9.63% of TIC, 1 short chain fatty acid (4.89% of TIC), 1 short 

chain fatty acid ester (4.58% of TIC) and 1 MUFA (10.7% of TIC) (Table 10.1 b). In 

strain SI-SM out of 7 FAD metabolites, 2 short chain fatty (8.10% of TIC),1 short chain 

fatty acid (8.10% of TIC), 1 halogenated short chain fatty acid (2.87% of TIC), 1 short 

chain fatty acid ester (3.21% of TIC) and 4 saturated fatty acids (12.39% of TIC) (Table 

10.2 c) whereas in strain SI-SF 1 MUFA, 1 short chain fatty acid ester and 3 saturated 

fatty acids were detected comprising of 3.17, 3.12 and 11.65% of TIC respectively (Table 

10.2 d).  

Furthermore, the highest number of ALD was detected in non-polar fraction of strain SI-

ST showing 7 metabolites followed by strain SI-SN and SI-SM with 5 ALD metabolites 

each whereas strains SI-SF showed 4 ALD metabolites in their non-polar fractions 

(Figure 10.4). In strain SI-ST ethanol and 6 fatty alcohols were present with 9.33 and 

7.81% of TIC (Table 10.2 a). Strains SI-SN, SI-SM and SI-SF showed presence of 5, 5 

and 4 fatty alcohols with 6.94, 15.3 and 3.72% of TIC (Table 10.2 b, c and d).  

The highest HD content was detected in non-polar fraction of strain SI-ST with 13 HD 

metabolites followed by strain SI-SM with 9 HD whereas strain SI-SN and SI-SF showed 

7 HD metabolites each (Figure 10.4). In strain SI-ST 10 alkanes were detected comprising 

of 4.18% of TIC, 1 halogenated alkane (6.7% of TIC), 1 haloacidic alkane (3.77% of TIC) 

and 1 ether (3.74% of TIC) (Table 10.2 a). In strain SI-SN 6 alkanes (1.49% of TIC) and 

1 halogenated alkane (4.58% of TIC) were detected (Table 10.2 b). In strain SI-SM 4 

alkanes (5.51% of TIC), 1 cyclic hydrocarbon (2.94% of TIC), 1 halogenated alkane 

(2.44% of TIC), 1 diamondoid (8.74% of TIC) and 2 alkyl ethers (5.13% of TIC) were 

present (Table 10.2 c). In strain SI-SF 4 alkanes (8.32% of TIC), 1 cyclic hydrocarbon 

(2.67% of TIC), 1 alkene (3.32% of TIC) and 1 aldehyde (3.68% of TIC) were detected 

(Table 10.2 d). 

 When observing other metabolites all the strains showed considerable production of 

diverse metabolites with highest number of 14 OM detected in strain SI-SN followed by 

11 OM detected in strains SI-SM whereas strains SI-ST and SI-SF showed 9 and 8 OM  
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Figure 10.4:   Number of metabolite categories detected in non-polar fraction of AMC extracts 

of cyanobacterial strains SI-SF, SI-ST, SI-SM and SI-SN. 
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respectively (Figure 10.4). In strain SI-SN, a diverse variety of secondary metabolites 

were seen with much contribution from 2 alkaloids (27.86% of TIC), 1 hydrazine 

derivative (15.99% of TIC), 1 quinazoline derivative (12.73% of TIC), 1 amide derivative 

(10.85% of TIC), riboflavin (8.54% of TIC) and 1 dronabinol (7.34% of TIC) (Table 10.2 

b). On the other hand, strain SI-SM showed 11 OM with much contribution from 2 

biphenyl carboxylate ester derivatives (21.58% of TIC), 2 alkaloids (16.28% of TIC), 1 

methoxyamine (11.32% of TIC), 1 nitrophenol (8.68% of TIC) and 1 hydroxy 

nitrocoumarin ester (9.78% of TIC) (Table 10.2 c). Strain SI-ST showed 2 high amounts 

of 2 alkaloids (23.97% of TIC) and 1 hydrazine derivative (13.9) whereas strain SI-SF 

showed high amounts of 1 retinoic acid (5.72) and a flavonoid (8.99% of TIC) (Table 

10.2 a and d). 

In case of unknown metabolites (UM) the highest numbers of 3 metabolites were detected 

in strain SI-ST closely followed by strains SI-SN, SI-SM and SI-SF with 2 UM (Figure 

10.4). In strain SI-ST the UM metabolites comprised of 3.49% of TIC whereas in strains 

SI-SN, SI-SM and SI-SF, the UM metabolites contributed 8.35, 4.76 and 1.67% of TIC 

respectively (Table 10.2 b, c and d). The MS spectra of these unknown metabolites did 

not match with commercially and publicly available databases, suggesting the novelty of 

these compounds. 

The metabolic composition of non-polar fraction of AMC extracts of four cyanobacterial 

strains with their retention time (RT), molecular formula, molecular weight and 

concentration (peak area % of TIC) are presented in Table 10.2 (a-d).  

Cluster Analysis of Four Cyanobacterial AMC Polar Fractions 

The polar fraction of AMC extracts of four cyanobacterial strains were compared for 

similarities on the basis of their metabolites with cluster variable analysis. It was observed 

that the chemical fingerprints of crude non-polar fraction of AMC extracts of strains SI-

SF, SI-ST, SI-SM and SI-SN differentiated them into two groups which 47.64% similarity 

with each other. Group 1, comprised of strains SI-SM and SI-SF which shared59.27% 

similarities each other showing that they shared some metabolic features with each other. 

Conversely, group 2 comprised of metabolites from strains SI-SN and SI-ST and showed 

72.40% similarity with each other showing that they had biosynthesized metabolites 

which were similar to each other or belong to similar categories (Figure 10.5). On the 

whole, strains SI-SM and SI-SF were grouped together whereas strains SI-ST and SI-SN 

were grouped together on the basis of their biosynthesized metabolites.
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Table 10.2 a: Metabolites identified in non-polar fraction of AMC extracts of 

Chroococcidiopsis thermalis SI-ST. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

Pyroglutamic acid  19.17 0.15 Pidolic acid  C5H7NO3 129.11 

Piperidinecarboxylic acid 19.20 0.14 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.23 0.19  Cycloleucine C6H11NO2 129.15 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 4.11 Oxalic acid C₂H₂O₄ 90.03 

Phthalic acid, isobutyl 4-octyl 

ester 

33.11 8.32 Phthalic acid ester C20H30O4 334.44 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 8.98 Phthalic acid ester C26H42 418.6 

Di-n-octyl phthalate 33.66 7.94 Adipic acid ester C22H42O4 370.56 

Methoxyacetic acid, 2-

ethylhexyl ester 

33.88 4.55 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

2-Ethylhexyl mercaptoacetate 34.69 4.12 2-Ethylhexyl 

thioglycolate 

C10H20O2S 204.32 

Sulfurous acid, octyl 2-pentyl 

ester 

34.94 1.66 Sulfurous acid ester C13H28O3S 264.42 

Trichloroacetic acid, 2-

ethylhexyl ester 

35.11 1.42 Trichloroacetic acid 

ester 

C10H17Cl3O2 275.59 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 13.2 Mono(2-ethylhexyl) 

phthalate 

C16H22O4 278.34 

Bis(2-ethylhexyl) methylene 

succinate 

35.68 4.12 Itaconic acid  ester C21H38O4 354.52 

Trifluoroacetic acid 35.69 2.22 Haloacetate C2HF3O2 114.02 

4-Nitrobenzoic acid, 2-

ethylhexyl ester 

36.69 8.98 Ethylhexyl 4-

nitrobenzoate ester 

C15H21NO4 279.33 

2-oxo-propanoic acid 31.52 8.63 Pyruvic acid, keto 

acid 

C3H4O3 88.0616 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid 9.71 3.83 Acetic acid / Short 

chain FA 

CH3COOH 60.05 

Dodecanoic acid 21.76 1.89 Lauric acid C12H24O2 200.32 

Tetradecanoic acid  25.30 1.45 Myristic acid C14H28O2 228.37 

Hexadecenoic acid 28.23 3.26 Palmitic acid C16H32O2 256.42 

Heptadecanoic acid 28.53 5.17 Margaric acid C17H34O2 270.45 

11-fluoroundecanoic acid 28.54 9.64 Halogenated FA C11H21FO2 204.283 

Nonadecanoic acid 28.55 4.66 Nonadecylic acid C19H38O2 298.5038 

Nonanoic acid 28.56 3.63 Pelargonic acid C9H18O2 158.2392 

Tridecanoic acid 28.57 1.63 Tridecylic acid C13H26O2 214.3443 

Octadecanoic acid  29.50 0.35 Oleic acid C18H34O2 282.46 

UNKNOWN METABOLITES (UM) 

classified unknown 9.63 2.73 ― ― 100 

classified unknown 9.84 0.55 ― ― 281 

classified unknown 29.68 0.21 ― ― 221 
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Table 10.2 a:   Continue non-polar fraction Chroococcidiopsis thermalis SI-ST. 

Chemical Name* R.T  

(min) 

Amount 

% 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 21.04 0.12 Lauryl alcohol C12H26O 186.34 

n-Tridecan-1-ol  21.76 0.18 1-Tridecanol C13H28O 200.36 

3,5-Dimethyl-2-octanol 24.27 2.54 Fatty alkyl alcohol  C10H22O 158.28 

1-Hexanol, 2-ethyl- 24.57 2.32 Chiral alcohol C8H18O 130.23 

n-Heptadecan-1-ol 28.54 0.72 Margaryl alcohol C17H36O 256.46 

Ethanol 35.98 9.33 Ethyl alcohol C2H6O  46.06 

1,4-Butanediol 36.13 1.93 Isomer of butanediol C4H10O2 90.12 

HYDROCARBONS AND DERIVATIVES (HD) 

Tetradecane 18.25 0.31 Alkane Hydrocarbon C14H30 198.39 

Octadecane 18.35 0.62 Alkane Hydrocarbon C18H38 254.49 

Nonadecane 18.76 0.22 Alkane Hydrocarbon C19H40 268.51 

Dodecane 18.94 0.34 Alkane Hydrocarbon C12H26  170.33 

Eicosane 19.38 0.21 Alkane Hydrocarbon C20H42 282.54 

Pentadecane 21.27 0.28 Alkane Hydrocarbon C15H32 212.42 

Heneicosane 23.23 0.71 Alkane isomer C21H44 296.57 

Heptadecane 23.25 0.92 Alkane Hydrocarbon C₁₇H₃₆ 240.48 

Tridecane 23.59 0.33 Alkane Hydrocarbon C13H28 184.37 

Tricosane 23.66 0.24 Alkane Hydrocarbon C23H48 324.62 

2,6-Dimethyl-6-

trifluoroacetoxyoctane 

35.69 3.77 Haloacidic alkane C12H21F3 

O2 

254.14 

2-bromooctane  36.08 6.7 Halogenated alkane C8H17Br 193.12 

Octane, 1,1'-oxybis- 37.57 3.74 Caprylic ether C16H34O 242.44 

OTHER METABOLITES (OM) 

Phosphoric acid 13.29 0.42 inorganic acid H3PO4 97.99 

Lumichrome  14.73 0.61 Riboflavin (vitamin 

B2) derivative 

C12H10N4O2 242.23 

2,6-Ditertbutylphenol  19.38 0.09 Alkylated Phenol C14H22O  206.32 

6H-Dibenzo(b,d)pyran-1-ol, 3-

hexyl-7,8,9,10-tetrahydro-6,6,9-

trimethyl- 

28.53 1.77 Parahexyl/ 

Benzopyrans 

C22H32O2 328.48 

1-(3-Spiro-cyclopentane-3,4-

dihydro-isoquinolin-1-ylmethyl)-

3,3-dimethyl-3,4-dihydro-

isoquinoline 

31.50 10.21 Isoquinoline 

alkaloid 

C25H28N2 356.5 

6,7,8-Trimethyl-7H-

dibenzo[c,h]xanthene-5,9-diol  

31.67 2.32 Xanthenediol ester C24H20O3 356.41 

Aspidofractinine-3-methanol, 

(2à,3á,5à)- 

35.66 13.76 Kopsinyl alcohol/ 

Indole Alkaloid 

C20H26N2

O 

310.43 

Oxirane, [[(2-

ethylhexyl)oxy]methyl]- 

35.67 4.26 Ethylene oxide ester, 

cyclic ether 

C11H22O2 186.29 

9-(2',2'-

Dimethylpropanoilhydrazono)-

3,6-dichloro-2,7-bis-[2-

(diethylamino)-ethoxy]fluorene 

35.69 13.9 Hydrazine derivative C30H42Cl2

N4O3 

577.58 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H26&sort=mw&sort_dir=asc
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Table 10.2 b: Metabolites identified in non-polar fraction of AMC extracts of Nostoc 

sp. SI-SN. 
Chemical Name* R.T  

(min) 

Peak 

Area% 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

Pyroglutamic acid 19.19 1.98 Pidolic acid  C5H7NO3 129.11 

Piperidinecarboxylic acid 19.20 0.18 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.23 1.76 Cycloleucine  C6H11NO2 129.15 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 10.34 Oxalic acid C₂H₂O₄ 90.03 

Benzoic acid 11.55 0.71 Dracylic acid C7H6O2 122.12 

Pentanedioic acid 17.78 0.9 Glutaric acid  C5H8O4 132.12 

Hexanedioic acid 18.86 1.79 Adipic acid C6H10O4 146.14 

Octainedioic acid 22.65 1.03 Suberic acid C8H14O4 174.2 

Nonanedioic acid 24.43 3.44 Azelaic Acid  C9H16O4 188.22 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 2.11 Phthalic acid ester C26H42 418.60 

Di-n-octyl phthalate 33.67 1.45 Adipic acid ester C22H42O4 370.56 

Trichloroacetic acid, 2-

ethylhexyl ester 

35.11 4.56 Trichloroacetic acid 

ester 

C10H17Cl3 

O2 

275.59 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 18.98 

 

Mono(2-ethylhexyl) 

phthalate 

C16H22O4 278.34 

Sulfurous acid, octyl 2-pentyl 

ester 

35.68 4.21 Sulfurous acid ester C13H28O3S 264.42 

2-Ethylhexyl mercaptoacetate 34.69 4.58 2-Ethylhexyl 

thioglycolate 

C10H20O2S 204.32 

4-Nitrobenzoic acid, 2-

ethylhexyl ester 

35.76 5.34 Ethylhexyl 4-

nitrobenzoate ester 

C15H21NO4 279.33 

Carbonic acid, butyl ester octyl 

ester 

37.01 1.46 butyl octyl carbonate C13H26O3 230.34 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid 9.71 4.89 Acetic acid / Short 

chain FA 

CH3COOH 60.05 

Dodecanoic acid  21.75 0.19 Lauric acid C12H24O2 200.32 

Tetradecanoic acid  25.31 0.18 Lignoceric acid C24H48O2 368.63 

Hexadecenoic acid 28.54 0.85 Palmitic acid C16H32O2 256.42 

Octadecanoic acid  31.49 0.99 Oleic acid C18H34O2 282.46 

n-Butyric acid 2-ethylhexyl ester 28.32 4.58 Short chain FA ester C12H24O2 200.31 

11-cis-Octadecenoic acid 31.49 10.7 Cis-vaccenic acid 

Ω-7 MUFA 

 C18H34O2 282.46 

10-Fluorodecanoic acid  28.55 9.63 Halogenated Fatty 

acid 

C10H19FO2 190.25 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 20.04 0.05 Lauryl alcohol C12H26O 186.34 

n-Tridecan-1-ol 21.76 0.09 1-Tridecanol C13H28O 200.36 

n-Heptadecan-1-ol 23.53 0.51 Margaryl alcohol C17H36O 256.46 

1-Octanol, 2-methyl- 26.34 3.65 2-Methyl-1-octanol C9H20O 144.25 

1-Hexanol 35.68 2.67 Hexanol C6H14O 102.24 
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Table 10.2 b:  Continue non-polar Nostoc sp. SI-SN  
Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

HYDROCARBONS AND DERIVATIVES (HD) 

Octadecane, n- 18.3 0.16 Alkane Hydrocarbon C18H38 254.49 

Nonadecane 18.38 0.11 Alkane Hydrocarbon C19H40 268.52 

Tridecane, n- 19.23 0.12 Alkane Hydrocarbon C13H28 184.37 

Dodecane 19.21 0.32 Alkane Hydrocarbon C12H26 170.33 

Tetradecane, n- 19.33 0.57 Alkane Hydrocarbon C14H30 198.39 

Eicosane, n- 19.38 0.21 Alkane Hydrocarbon C20H42 282.54 

2-Bromooctane 36.08 4.58 Halogenated alkane C8H17Br 193.12 

OTHER METABOLITES (OM) 

Phosphoric acid 13.30 2.6 Inorganic acid H3PO4 97.99 

5-Isocyanato-2-(4-thiazolyl)-1H-

benzimidazole 

13.29 4.56 Benzimidazole 

derivative 

C11H6N4OS 242.25 

[1,2,4] Oxadiazole, 5-(4-tert-

butylphenoxymethyl)-3-

(thiophen-2-yl)- 

13.35 3.78 Oxadiazole 

 derivative 

C17H18N2 

O2S 

314.4 

(2S)-5,7-Dihydroxy-2-(3-

hydroxy-4-methoxyphenyl)-2,3-

dihydro-4H-chromen-4-one 

13.36 2.84 Hesperetin / 

Flavanone 

C16H14O6 302.27 

Lumichrome 14.72 8.54 Riboflavin (vitamin 

B2) derivative 

C12H10N4O2 242.23 

2,6-Ditertbutylphenol  19.38 0.94 Alkylated Phenol C14H22O  206.32 

Quinazoline, 2-(p-anisyl)-5,8-

dimethyl-4-methylthio- 

24.28 12.73 Quinazoline Alkaloid C18H18N2 

OS 

310.41 

6H-Dibenzo[b,d]pyran-1-ol 24.32 7.34 Dronabinol C21H30O2 314.46 

Dibenzo[a,j]acridine 24.36 4.51 Acridine C21H13N 279.33 

1-(3-Spiro-cyclopentane-3,4-

dihydro-isoquinolin-1-ylmethyl)-

3,3-dimethyl-3,4-dihydro-

isoquinoline 

31.50 13.89 Isoquinoline alkaloid C25H28N2 356.5 

N,N-Di-(3-p-

carbamoylmethylphenoxy-2-

hydroxypropyl)isopropylamine 

33.74 10.85 Amide C25H35N3

O6 

473.56 

Aspidofractinine-3-methanol 35.66 13.97 Kopsinyl alcohol/ 

Indole Alkaloid 

C20H26N2O 310.43 

Oxirane, [[(2-

ethylhexyl)oxy]methyl]- 

35.67 2.35 2-Ethylhexyl glycidyl 

ether 

C11H22O2 186.29 

9-(2',2'-

Dimethylpropanoilhydrazono)-

3,6-dichloro-2,7-bis-[2-

(diethylamino)-ethoxy]fluorene 

35.69 15.99 Hydrazine derivative C30H42Cl2

N4O3 

577.58 

UNKNOWN METABOLITES (UM) 

classified unknown 9.64 5.89 ― ― 133 

classified unknown 25.56 2.46 ― ― 191 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 

 

 

 

https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C18H38&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C19H40&sort=mw&sort_dir=asc
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H26&sort=mw&sort_dir=asc
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Table 10.2 c: Metabolites identified in non-polar fraction of AMC extracts of 

Leptolyngbya sp. SI-SM. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

Pyroglutamic acid 19.19 0.45 Pidolic acid  C5H7NO3 129.11 

Piperidinecarboxylic acid 19.20 9.14 Pipecolic acid C6H11NO2 270.40 

1-Aminocyclopentanecarboxylic 

acid 

19.23 0.46 Cycloleucine  C6H11NO2 129.15 

ORGANIC ACIDS AND DERIVATIVES (OD) 

Ethanedioic acid 9.63 10.36 Oxalic acid C₂H₂O₄ 90.03 

Bis(1-propylpentyl)  

hexanedioate  

33.70 12.03 Adipic acid, di(oct-

4-yl ester) 

C22H42O4 370.56 

Phthalic acid, 6-ethyloct-3-yl 2-

ethylhexyl ester 

33.21 13.19 Phthalic acid ester C26H42 418.6 

Di-n-octyl phthalate 33.67 12.21 Phthalic acid ester C24H38O4 390.55 

Sulfurous acid, octyl 2-pentyl 

ester 

34.94 8.11 Sulfurous acid ester C13H28O3S 264.42 

2-Ethylhexyl mercaptoacetate 34.69 9.28 2-Ethylhexyl 

thioglycolate 

C10H20O2S 204.32 

FATTY ACIDS AND DERIVATIVES (FAD) 

Ethanoic acid 9.71 8.10 Acetic acid / Short 

chain FA 

CH3COOH 60.05 

Dodecanoic acid  21.76 0.67 Lauric acid C12H24O2 200.32 

Tetradecanoic acid 28.54 0.35 Myristic acid C14H28O2 228.37 

Octadecanoic acid 31.50 9.51 Oleic acid C18H34O2 282.465 

Hexadecanoic acid 28.23 1.86 Palmitic acid C16H32O2 256.424 

n-Butyric acid 2-ethylhexyl ester 28.32 3.21 Short chain FA ester  C12H24O2 200.31 

2-Bromopropanoic acid 33.70 2.87 Halogenated SCFA C3H5BrO2 152.97 

ALCOHOLS AND DERIVATIVES (ALD) 

Dodecanol 20.04 2.12 Lauryl alcohol C12H26O 186.34 

n-Tridecan-1-ol 21.76 3.42 1-Tridecanol C13H28O 200.36 

n-Octadecan-1-ol 30.97 3.86 Stearyl alcohol C18H38O 270.49 

1-Decanol, 2-ethyl- 34.25 2.35 2-ethyldecanol C12H26O 186.19 

3,5-Dimethyl-2-octanol 34.29 3.55 Fatty alkyl alcohol  C10H22O 158.28 

HYDROCARBONS AND DERIVATIVES (HD) 

Dodecane 19.45 1.53 Alkane Hydrocarbon C12H26 170.33 

Tridecane, n- 19.34 1.44 Alkane C13H28 184.36 

Tetradecane, n- 21.55 1.32 Alkane C14H30 198.38 

Pentadecane, n- 21.83 1.22 Alkane Hydrocarbon C15H32 212.42 

Cyclopropane, 1-heptyl-2-

methyl- 

23.58 2.94 Cyclic hydrocarbon C11H22 154.29 

Heptane, 3-[(ethenyloxy) 

methyl]- 

23.97 2.34 2-Ethylhexyl 

vinyl ether 

C10H20O 156.26 

1-Butoxy-2-ethylhexane 24.27 2.79 Butyl 2-ethylhexyl  

ether 

C12H26O 186.33 

1-methyladamantane 33.97 8.74 Adamantane/ 

Diamondoid 

C11H18 150.26 

2-chlorooctane 34.25 2.44 Halogenated alkane C8H17Cl 148.67 
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Table 10.2 c:   Continue non-polar fraction Leptolyngbya sp. SI-SM. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

OTHER METABOLITES (OM) 

O-Methylhydroxylamine 9.64 11.32 Methoxyamine CH5NO 47.05 

Phosphoric acid 13.30 0.65 inorganic acid H3PO4 97.99 

Lumichrome 14.73 1.86 Riboflavin (vitamin 

B2) derivative 

C12H10N4O2 242.23 

2,6-Ditertbutylphenol 19.38 1.34 Alkylated Phenol C14H22O 206.32 

1-(3-Spiro-cyclopentane-3,4-

dihydro-isoquinolin-1-ylmethyl)-

3,3-dimethyl-3,4-dihydro-

isoquinoline 

31.50 14.21 Isoquinoline 

alkaloid 

C25H28N2 356.5 

[1,1'-Biphenyl]-4-

carboxylicacid, 4'-[[1-oxo-3-[4-

(tetradecyloxy)phenyl]-2-

propyn-1-yl]oxy]-,(1S)-1-

methylheptyl ester 

 

 

31.52 

 

 

8.88 

 

Biphenyl 

carboxylate ester 

 

 

C36H46O5 
 

 

 

558.75 

p-Cyanophenyl 4'-heptyl-4-

biphenylcarboxylate 

33.14 12.7 Biphenyl carboxylate C27H27NO2 397.5 

Dibenzo[a,j]acridine 33.69 2.89 Acridine C21H13N 279.33 

Yohimbane 33.24 2.07 Indole Alkaloid C19H24N2 280.4 

2-Iodo-4-methyl-6-nitrophenol 33.57 8.68 nitrated phenol C7H6INO3 279.03 

4H-1-Benzopyran-2-carboxylic 

acid, 6-hydroxy-5-nitro-4-oxo-, 

ethyl ester 

33.7 9.78 Hydroxy 

nitrocoumarin ester 

C12H9NO7 279.2 

UNKNOWN METABOLITES (UM) 

classified unknown 9.64 3.17 ― ― 369 

classified unknown 18.46 1.59 ― ― 306 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 
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Table 10.2 d: Metabolites identified in non-polar fraction of AMC extracts of 

Oscillatoria sp. SI-SF. 

Chemical Name* R.T  

(min) 

Peak area 

% 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

AMINO ACIDS AND DERIVATIVES (AAD) 

Pyroglutamic acid  19.18 0.14 Pidolic acid  C5H7NO3 129.1143 

1-Aminocyclopentane-

carboxylic acid 

19.21 0.19  Cycloleucine C6H11NO2 129.157 

ORGANIC ACIDS AND DERIVATIVES (OD) 
Phthalic acid, 6-ethyloct-3-yl-2-

ethylhexyl ester 

35.69 14.22 Phthalic acid ester C26H42 418.6 

Trichloroacetic acid, 2-

ethylhexyl ester 

35.62 3.26 Trichloroacetic 

acid ester 

C10H17Cl3

O2 

275.59 

Di-n-octyl phthalate 33.67 13.89 Phthalic acid ester C24H38O4 390.55 

Bis(2-ethylhexyl) phthalate 33.70 12.31 Phthalic acid ester C24H38O4 390.56 

Methoxyacetic acid, 2-

ethylhexyl ester 

33.88 7.66 2-Ethylhexyl 

methoxyacetate 

C11H22O3 202.29 

Sulfurous acid, butyl octyl ester 35.12 3.11 Sulfurous acid ester C12H26O3S 250.39 

1,2-Benzenedicarboxylic acid, 

mono(2-ethylhexyl) ester 

35.58 4.56 Mono (2-ethyl 

hexyl) phthalate 

C16H22O4 278.34 

FATTY ACIDS AND DERIVATIVES (FAD) 

Dodecanoic acid 21.76 3.45 Lauric acid C12H24O2 200.32 

Tetradecanoic acid 25.78 3.12  Myristoleic acid/ 

Ω-5 MUFA 

C14H26O2 226.3574 

Hexadecanoic acid 28.53 4.87 Palmitic acid C16H32O2 256.424 

n-Butyric acid 2-ethylhexyl 

ester 

28.32 3.17 Short chain fatty 

acid ester 

C12H24O2 200.31 

Octadecanoic acid 31.52 3.33 Oleic acid C18H34O2 282.465 

ALCOHOLS AND DERIVATIVES (ALD) 

1-Octanol, 2-methyl- 26.34 3.26 2-Methyl-1-octanol C9H20O 144.25 

Pentadecan-1-ol, n- 25.3 0.13 1-Pentadecanol C15H32O 228.41 

Tridecan-1-ol, n- 21.75 0.11 1-Tridecanol C13H28O 200.36 

Dodecan-1-ol 20.04 0.22 Lauryl alcohol C12H26O 186.34 

UNKNOWN METABOLITES (UM) 
classified unknown  25.56 0.25 ― ― 191 

classified unknown  9.62 1.42 ― ― 306 

HYDROCARBONS AND DERIVATIVES (HD) 

Tridecane, n- 18.87 1.66 Alkane C13H28 184.36 

Tetradecane, n- 18.34 2.12 Alkane C14H30 198.38 

Dodecane 18.76 2.66 Alkane  C12H26  170.33 

Heneicosane, n- 22.47 1.88 Alkane isomer C21H44 296.57 

2-Octenal, (E)- 35.54 3.68 Trans-2-Octenal / 

Decenaldehyde 

C8H14O 126.19 

Cyclopropane, 1-heptyl-2-

methyl- 

35.58 2.67 Cyclic hydrocarbon C11H22 154.29 

1-Hexene 9.62 3.32 Alkene C6H12 84.15 

 

 

 

http://gmd.mpimp-golm.mpg.de/Metabolites/ba71c79b-c9b1-451a-a5be-b480b5cc7d0c.aspx
https://pubchem.ncbi.nlm.nih.gov/search/#collection=compounds&query_type=mf&query=C12H26&sort=mw&sort_dir=asc
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Table 10.2 d:   Continue non-polar fraction Oscillatoria sp. SI-SF. 

Chemical Name* R.T  

(min) 

Peak 

area % 

Common Name / 

Chemical Class 

Molecular 

Formula 

 
 

Molecular 

Weight 

OTHER METABOLITES (OM) 

(9cis)-4-Oxoretinoic acid 31.50 5.72 Retinoic acid C20H26O3 314.41 

Ditertbutylphenol  19.38 0.05 Alkylated Phenol C14H22O  206.32 

2-Iodo-4-methyl-6-nitrophenol 33.57 0.94 Nitrophenol 

derivative 

C7H6INO3 279.03 

N,N-Di-(3-p-

carbamoylmethylphenoxy-2-

hydroxypropyl)isopropylamine 

35.23 1.74 Alkylamine C25H35N3

O6 

473.56 

Yohimbane 35.60 4.14 Indole Alkaloid C19H24N2 280.4 

Oxirane, [[(2-

ethylhexyl)oxy]methyl]- 

35.67 3.28 Ethylene oxide 

ester, cyclic ether 

C11H22O2 186.29 

2-tert-Butyl-3,4,5,6-

tetrahydropyridine 

35.72 3.01 Heterocyclic  C9H17N 139.23 

4H-1-Benzopyran-8-carboxylic 

acid, 3-methyl-4-oxo-2-phenyl- 

37.03 8.99 Flavone C17H12O4 280.27 

*Names derived from NIST and GOLM databases. Data is presented as means of two biological replicates. 

Compounds present in both replicates were considered as true hits. To avoid false identification of the 

compounds, all the TMS metabolites were considered. 
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                                                           Number 

                                                          of obs. 

      Number of  Similarity  Distance  Clusters      New   in new 

Step   clusters       level     level   joined   cluster  cluster 

   1          3     72.4011   0.55198  2      4        2        2 

   2          2     59.2726   0.81455  1      3        1        2 

   3          1     47.6423   1.04715  1      2        1        4 

 

 

 

 

Figure 10.5:   Cluster analysis of non-polar fraction Dendrogram of complete linkage and 

correlation coefficient distance between metabolites obtained from GC-MS data of non-polar 

fractions of AMC extracts of four cyanobacterial strains; Oscillatoria sp. SI-SF (SF), 

Chroococcidiopsis thermalis SI-ST (ST), Nostoc sp. SI-SN (SN) and Leptolyngbya sp. SI-SM 

(SM). 
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Multivariate Analysis of Four Cyanobacterial AMC Non-Polar Fractions 

The comparison of chemical fingerprints of crude polar extracts from strains SI-SF, SI-

ST, SI-SN and SI-SM was further analyzed with multivariate analysis including principle 

component covariance analysis to determine the discriminating metabolites among the 

non-polar fractions of four AMC extracts. For a better visualization, the 102 features from 

four strains were subjected to principle component analysis (PCA). Figure 10.6 (a) shows 

the score plot for the first two principle component explaining variance of 74.47% in 

which PC1 contributed up to 39.53% in the discrimination of the four strains whereas PC 

2 contributed up to 34.94%. It can be observed that the four strains showed clear variance 

as each strain occupied a distinct area of the plot however, strain SI-SN and SI-ST 

showed closer relationship with each other on the basis of their metabolites as compared 

with strains SI-SM and SI-SF. The PCA analysis revealed similar clustering of the strains 

as shown in the cluster analysis (Figure 10.5). Comparison between individual strains 

indicated that the metabolic differences between them were on the scale of differences 

observed between bacteria of different genera. According to chemical fingerprints of each 

strain, regardless of their concentrations, strain SI-ST exhibited 21 unique features 

followed by strains SI-SN and SI-SM which exhibited 15 and 13 unique features. 

Conversely strain SI-SF was only presented with 7 unique features.   

To further assess the discriminating features that strongly contributed to the differences 

between these four strains, loading plot of corresponding score plot of PCA analysis was 

investigated (Figure 10.6 b). The results showed that out of 21 features, strain SI-ST 

biosynthesized 6 unique features in high quantities that included; 11-fluoroundecanoic 

acid (9.64% of TIC), isobutyloctyl-phthalate (8.32% of TIC), 2-oxo-propanoic acid 

(8.63% of TIC), ethanol (9.33% of TIC), nitrobenzoate ethylhexyl ester (8.98% of TIC) 

and oxirane (4.26% of TIC). Out of 15 unique features, strain SI-SN showed biosynthesis 

of 9 unique features in high quantities that included; quinazoline (12.73% of TIC), [124] - 

oxadiazole (3.78% of TIC), cis-vaccenic acid (10.7% of TIC), lumichrome (8.54% of 

TIC), 10-fluorodecanoic acid (9.63% of TIC), isopropylamine (10.85% of TIC), 

dronabinol (7.34% of TIC) and UM-133 (5.889% of TIC). Furthermore, both SI-ST and 

SI-SN strains shared 4 features with high amount that included; aspidofractine with 13.97 

and 13.76% of TIC of SI-SN and SI-SN respectively, MEHP (18.98 and 13.2% of TIC of 

SN/ST respectively), Hydrazine fluorine derivative (15.99 and 13.9% of TIC of SN/ST 

respectively) and bromooctane (4.58 and 6.7% of TIC of SN/ST respectively).  
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In case of strain SI-SM, out of 13 features, 10 unique features were biosynthesized in 

high amounts which included; o-methoxyamine (11.32% of TIC), p-cyanophenyl (12.7% 

of TIC), bis-hexanediate (12.03% of TIC), iodo-methyl-nitrophenol (8.68% of TIC), 

nitrocoumarin (9.78% of TIC), bi-phenyl carboxylate ester (8.88% of TIC), methyl-

admantane (8.74% of TIC), pipecolic acid (9.14% of TIC), octadecanol (9.51% of TIC) 

and sulfurous acid (8.11% of TIC). Furthermore, both SI-SM and SI-SN strains shared 5 

features with high amount that included; spiro-isoquinoline with 14.21 and 13.89% of 

TIC of SI-SM and SI-SN respectively, oxalic acid (10.36 and 10.34% of TIC of SM/SN 

respectively), mercaptoacetate ester (9.28 and 4.58% of TIC of SM/SN respectively), 

ethanoic acid (8.10 and 4.89% of TIC of SM/SN respectively) and dibenz[a,j]acridine 

(2.89 and 4.51% of TIC of SM/SN respectively).  

In case of strain SI-SF, out of 7 features, 4 unique features were biosynthesized in high 

amounts which included; retinoic acid (5.72% of TIC), Flavonoid (BPCA-m-oxo-phen) 

(8.99% of TIC), methoxyacetic acid ester (7.66% of TIC) and bis-ethylhexyl-phthalate 

(12.31% of TIC). Furthermore, both SI-SF and SI-SF strains shared 2 features with high 

amount that included; ethyloctyl-phthalate with 14.22 and 13.19% of TIC of SI-SF and 

SI-SM respectively and DOP showing 13.89 and 12.21% of TIC of SM/SN respectively. 

Bioactive and Toxic metabolites in AMC Extracts    

The non-targeted GC-MS analysis of AMC extracts of four cyanobacterial strains were 

investigated to screen possible metabolites responsible for the bioactivities shown by the 

isolated strains Oscillatoria sp. SI-SF, Chroococcidiopsis thermalis SI-ST, Leptolyngbya 

sp. SI-SM and Nostoc sp. SI-SN. The bioactive, toxic and mutagenic/teratogenic status 

of each compound was manually assessed with open access, public chemical databases; 

PUBCHEM, CHEMSPIDER, ChemIDPlus, TOXNET, and literature reviews at 

PUBMED. 

Considerable variety of primary and secondary metabolites was observed to be present in 

the polar and non-polar fractions of AMC extracts. The most prominent metabolites 

detected in the four strains comprised a total of 61 compounds out of which the highest 

number of compounds was produced by Nostoc sp. SI-SN with 36 bioactive/toxic 

metabolites followed by Chroococcidiopsis thermalis SI-ST and Leptolyngbya sp. SI-SM 

with 31 and 30 bioactive/toxic metabolites whereas Oscillatoria sp. SI-SF produced 25 

bioactive/toxic metabolites. The metabolites and their bioactive/toxic status and 

properties are describes as follows.  
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Figure 10.6:   Multivariate Principle Component Analysis (PCA) of non-polar fraction. PCA-

covariance analysis of metabolites obtained from GC-MS data of non-polar fractions of AMC 

extracts of four cyanobacterial strains; Oscillatoria sp. SI-SF (SF), Chroococcidiopsis thermalis SI-

ST (ST), Nostoc sp. SI-SN (SN) and Leptolyngbya sp. SI-SM (SM). (A). Score-plot of metabolites 

in non-polar fractions of four strains. Distance along the horizontal axis indicates that the 

corresponding strains differ with regard to principal component 1, while distance along the vertical 

axis indicates differences with regard to principal component 2.  (B). Loading plot revealing the 

metabolites with large intensities responsible for the discrimination of the corresponding score plot. 

Group 1, 2, 3 and 4 indicate features in SN, ST, SM and SF respectively whereas group 5, 6 and 7 

indicates shared features in strains SN and ST, SN and SM and SF and SM respectively.  
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Bioactive/toxic metabolites produced by Nostoc sp. SI-SN 

The combined polar and non-polar fractions of AMC extract of Nostoc sp. SI-SN 

biosynthesized 37 compounds out of which 14 were uniquely present in polar fraction 

whereas 3 compounds were uniquely present in non-polar fraction. The rest of the 20 

metabolites were detected in both fractions. The bioactive/toxic status of strain SI-SN 

dictated it to be highly cytotoxic, antioxidant, antimicrobial, anticancerous, genotoxic and 

oxidative stress producer with moderate to high mutagenicity in both bacterial and 

mammalian cells (as screened in chapters 6, 7 and 9), the bioactive/toxic metabolites 

detected in its AMC extract were found out to be sharing same characteristics.  

The highest amount of 31.9% of TIC was contributed by Mono (2-ethylhexyl) phthalate 

[MEHP] closely followed by 9-(2', 2'-Dimethylpropanoilhydrazono)-3,6-dichloro-2,7-bis-

[2-(diethylamino)-ethoxy] Fluorene (Fluorene) with 30.63% of TIC. Aspidofractinin-3-yl 

methanol (2α, 3β, 5α), 1'-[(3, 3-Dimethyl-3, 4-dihydro-1-isoquinolinyl) methyl]-4'H-spiro 

[cyclopentane-1, 3'-isoquinoline] and 2-Hydroxy-3-methyl-9, 10-anthraquinone were also 

present in high amount of 27.96, 25.1 and 16.92% of TIC respectively. MEHP has shown 

potent antitumor, antioxidant, antimicrobial activities as well as potent genotoxic, 

embryotoxic, cytotoxic, male endocrine disrupting and allelochemical activities in vitro 

and in vivo whereas fluorene, a hydrazine derivative, is a potent biotoxin with broad 

spectrum antimicrobial, cytotoxic, herbicidal and fungicidal activities. On the other hand, 

aspidofractinin has shown potent anticancer activity that can also reversed MDR in 

vincristine-resistant KB cell-line as well as antimicrobial, antinociceptive, analgesic and 

antipyretic activities in vitro and in vivo. Spiro-isoquinoline has shown antifungal, 

insecticidal activities as well as proved to be a potent antiseptic, antihypertension agent, 

vasodilator and antiesthetic in vitro and in vivo. It has also shown to be a possible 

neurotoxin. 2-Hydroxy-3-methyl-9,10-anthraquinone is also a potent anticancer, apoptosis 

inducer, antiplasmodial, antibacterial, antifungal, genotoxic and cytotoxic agent and also 

has been used in traditional medicine for psoriasis.  

Other bioactive/toxic metabolites with moderate amounts in AMC extracts of SI-SN 

included; 2-Methylanthraquinone (12.88% of TIC) which has shown genotoxic, cytotoxic 

activities by inhibiting human leukocyte elastase and disruption of mitochondrial 

membrane potential, 2-(p-anisyl)-5,8-dimethyl-4-methylthio-quinazoline (12.73% of TIC) 

which is a therapeutic compound that has broad range of bioactivities that include; 

anticancer, anti-inflammation, anti-bacterial, analgesic, anti-viral, anti-cytotoxin, anti-
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spasmic, anti-tuberculosis, antioxidation, anti-malarial, anti-hypertension, anti-obesity, 

anti-psychotic and anti-diabetes activities. The extracts also included; N, N-Di-(3-p-

carbamoyl methylphenoxy-2-hydroxypropyl) isopropyl amine (13.08% of TIC) with 

anticancer, anti-inflammatory, analgesic, antimicrobial, antifungal and herbicidal 

activities, Dibenzo[a,j]acridine (14.72% of TIC) which is an active mutagen, genotoxic, 

carcinogenic, cytotoxic, potent inhibitor of topoisomerase-II, intercalates DNA bases and 

can act as a possible anticancer agent, lumichrome (15.87% of TIC), a riboflavin (vitamin 

B2) derivative, with nutraceutical, photosensitizing, quorum sensing signal-mimicking 

properties, 6, 7, 8-Trimethyl-7H-dibenzo[c,h] xanthene-5, 9-diol (9.34% of TIC) with 

active antibacterial, antiviral and anti-inflammatory agent used in photodynamic therapy, 

5-[(4-tert-butylphenoxy) methyl]-3-(2-thienyl)-1,2,4-oxadiazole (16.43% of TIC) with 

antimicrobial, anti-inflammatory, antibacterial, antiviral, anticancer, antifungal, 

tuberculostatic and analgesic activities, 1,1'-Biphenyl]-4-carboxylicacid, 4'-[[1-oxo-3-[4-

(tetradecyloxy)phenyl]-2-propyn-1-yl]oxy]-(1S)-1-methylheptyl ester (7.88% of TIC) 

with active anticancer, antifungal and antimicrobial activities, 3',8,8'-Trimethoxy-3-

piperidyl-2,2'-binaphthalene-1,1',4,4'-tetrone (9.32% of TIC) with antioxidant, broad 

spectrum antimicrobial and anti-trypanosomal activities, 2-Ethylhexyl mercaptoacetate 

(13.86% of TIC) with genotoxic and cytotoxic activities, oxalic acid (12.57% of TIC), cis-

vaccenic acid (10.7% of TIC) with antioxidant, anticancer, anti-carcinogen, cholesterol 

reductor, telomerase inhibition activities, 10-fluorodecanoic acid (9.63% of TIC) with 

cytotoxic and antimicrobial activities, bromooctane (9.01% of TIC) which is considered 

as an aquatic pollutant, biotoxin that cause a fatal malignant arrhythmia, termed "sudden 

sniffing death", 2-Ethylhexyl trichloroacetate (9.12% of TIC) with cytotoxic, herbicidal 

and pesticidal activities, oxirane ethanol, 3-[8-(3-methyloxiranyl) octyl]-acetate (8.56% of 

TIC) with potent antifungal, antimicrobial, anti-parasitic and 2-Ethylhexyl 4-

nitrobenzoate (9.3% of TIC) a known water pollutant with antimicrobial and  biotoxic 

activity against aquatic organisms.  

The bioactive/toxic compounds present in low amount in the extracts included; Di-tert-

butylphenol (0.94% of TIC) which shows potent antioxidant, cytotoxic, genotoxic, 

fungicidal activities in vitro and in vivo with biotoxicity towards aquatic organisms, 

oxirane-2-{[(2-Ethylhexyl) oxy] methyl} (2.35% of TIC) which is an  antibacterial, 

antiviral, antifungal, anticancer agent with potent ability to inhibit aldehyde 

dehydrogenase activity, 5-Isocyanato-2-(4-thiazolyl)-1H-benzimidazole (4.56% of TIC) 
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with fungicidal, antiparasitic, analgesic, antimicrobial, antiviral, antidiabetic and 

anticancer activities, Cycloleucine (2.69% of TIC) which has shown reversible inhibition 

of DNA methylation, acts as an active immunosuppressant and cytostatic agent, 

Hesperetin (Flavonoid) (2.84% of TIC) with antioxidant, anticancer, neuroprotective, 

chemopreventive, cardiovascular-protective, anti-estrogenic, anti-inflammatory, anti-

allergic and hypolipidemic activities, 2-Ethylhexyl methoxyacetate (0.32% of TIC) with 

teratogenic, mutagenic and embryotoxic effects that shows, neural toxicity, blood and 

immune disorders, limb degeneration and testicular toxicity, 2-Ethylhexyl 6-ethyl-3-

octanyl phthalate (2.26% of TIC) with potent cytotoxic, antimicrobial, antioxidant, 

endocrine disruptor, allelochemical, teratogenic and oxidative DNA damaging activities, 

di-n-octyl phthalate [DOP] (5.6% of TIC) with anti-venom, antioxidant, allelochemical, 

endocrine disruptor, immunotoxic and oxidative DNA damaging activities, Butyl octyl 

carbonate (1.46% of TIC) with antimicrobial, mild genotoxic and methylating agent, 

dodecane (0.41% of TIC) which is a potent biotoxin and cytotoxin, azelaic acid (3.44% of 

TIC) with antimicrobial and antifungal activities against skin infections, palmitoleic acid 

(MUFA) (1.66% of TIC) with antimicrobial and antioxidant activities, linoleic acid 

[PUFA] (5.35% of TIC) with potent antioxidant, antiviral, anticancer and antimicrobial 

activities, phytol (1.76% of TIC) with anticancer and anti-inflammatory activities and 

pipecolic acid (0.43% of TIC) with neuromodulatory, angiotensin-I converting enzyme 

inhibitory activities. It is also a precursor for various biotoxins.  

Out of these bioactive/toxic compounds 9 compounds were present uniquely in AMC 

extract of strain SI-SN which included; tetrone, oxirane ethanol, hesperetin, butyl octyl 

carbonate, cis-vaccenic acid, azeleic acid, palmitoleic acid, linoleic acid and phytol.   

Bioactive/toxic metabolites produced by Chroococcidiopsis thermalis SI-ST 

The combined polar and non-polar fractions of AMC extract of Chroococcidiopsis 

thermalis SI-ST biosynthesized 30 compounds out of which 8 were uniquely present in 

polar fraction whereas 9 compounds were uniquely present in non-polar fraction. The rest 

of the 13 metabolites were detected in both fractions. The bioactive/toxic status of strain 

SI-ST dictated it to be highly cytotoxic, antioxidant, antimicrobial, anticancerous, 

genotoxic and oxidative stress producer with very high mutagenicity in both bacterial and 

mammalian cells (as screened in chapters 6, 7 and 9), the bioactive/toxic metabolites 

detected in its AMC extract were found out to be sharing same characteristics.  

The highest amount of 30.84% of TIC was contributed by [MEHP] closely followed by  
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Fluorene with 30.63% of TIC. Aspidofractinin-3-yl methanol (2α, 3β, 5α), 1'-[(3, 3-

Dimethyl-3, 4-dihydro-1-isoquinolinyl) methyl]-4'H-spiro [cyclopentane-1, 3'-

isoquinoline], Di-n-octyl phthalate [DOP] and 2-Ethylhexyl 6-ethyl-3-octanyl phthalate 

were also present in high amount of 27.2, 23.42, 20.88 and 20.58% of TIC respectively 

with bioactivities/toxicities as mentioned earlier. 

Bioactive/toxic metabolites present with moderate amounts in AMC extracts of strain SI-

ST included; 2-Hydroxy-3-methyl-9,10-anthraquinone (9.62% of TIC), 2-Ethylhexyl 4-

nitrobenzoate (8.98% of TIC), 3-bromooctane (6.7% of TIC), 2-Ethylhexyl 

methoxyacetate (10.97% of TIC), [DIBP] with 8.32% of TIC, oxalic acid (13.49% of 

TIC) and pipecolic acid (6.08% of TIC) with bioactivities/toxicities as mentioned earlier. 

Other bioactive/toxic metabolites uniquely present with moderate amounts in AMC 

extracts of strain SI-ST included; hexanedioic acid, mono(2-ethylhexyl)ester with 10.97% 

of TIC has shown potent antitumor, genotoxic, embryotoxic, cytotoxic, male endocrine 

disrupting activities, hexanedioic acid, bis(2-ethylhexyl) ester [DEHA] (6.38% of TIC) 

with potent antitumor, genotoxic, embryotoxic, cytotoxic, male endocrine disrupting 

activities, 10-chloroundecanoic acid (8.64% of TIC) with cytotoxic and antimicrobial 

activities and ethanol (9.33% of TIC) a biofuel with established carcinogen, neurotoxic, 

psychoactive, antiseptic, antiviral, genotoxic activities. 

The bioactive/toxic compounds present in low amount in the extracts included; 

dibenz[a,j]acridine (3.56% of TIC), lumichrome (0.61% of TIC), ditertiarybutyl phenol 

(2.21% of TIC), triethanolamine (1.60% of TIC), Oxirane (4.26% of TIC), xanthenediol 

(2.32% of TIC), cycloleucine (3.52% of TIC), mercaptoacetate (4.12% of TIC), dodecane 

(0.42% of TIC) and Ethylhexyl trichloroacetate (1.42% of TIC) with 

bioactivities/toxicities as mentioned earlier. Furthermore parahexyl was also present in 

low amounts in SI-SN AMC extract with 1.77% of TIC. This compound has shown 

psycoactive/narcotic (homologue of tetrahydrocannabinol) activities. It acts as an 

allelochemical, antiherbivore and antigrazing agent. Strain SI-ST also produced unique 

compounds in low amounts that included; 2, 6-Dimethyl-6-trifluoroacetoxyoctane (3.77% 

of TIC) with cytotoxic activities towards aquatic organisms and indole-3-lactic acid 

(2.45% of TIC), a natural auxin-analogue, weak auxin like activity in plant growth 

promotion and shows endocrine disrupting activities. 

Bioactive/toxic metabolites produced by Leptolyngbya sp. SI-SM 

The combined polar and non-polar fractions of AMC extract of Chroococcidiopsis  
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thermalis SI-ST biosynthesized 29 compounds out of which 9 were uniquely present in 

polar fraction whereas 10 compounds were uniquely present in non-polar fraction. The 

rest of the 10 metabolites were detected in both fractions. The bioactive/toxic status of 

strain SI-ST dictated it to be highly cytotoxic, antioxidant, antimicrobial, moderately 

anticancerous, highly genotoxic and oxidative stress producer with very moderate to high 

mutagenicity in both bacterial and mammalian cells (as screened in chapters 6, 7 and 9), 

the bioactive/toxic metabolites detected in its AMC extract were found out to be sharing 

same characteristics.  

The highest amount of 14.52% of TIC was contributed by [DOP] closely followed by 1'-

[(3, 3-Dimethyl-3, 4-dihydro-1-isoquinolinyl) methyl]-4'H-spiro [cyclopentane-1, 3'-

isoquinoline] with 14.21% of TIC. Di-tertiarybutyl phenol, 2-Ethylhexyl 6-ethyl-3-

octanyl phthalate, oxalic acid , p-cyanophenyl 4'-heptyl-4-biphenylcarboxylate, 

quinazoline, o-methylhydroxylamine and 5-[3-tert-butyl-1-(3-methylbenzyl)-1H-pyrazol-

5-yl]-1, 3, 4-oxadiazole-2(3H)-thion were also present in high amount of 13.73, 13.31, 

12.72, 12.7, 11.6, 11.32 and 10.49% of TIC respectively with bioactivities/toxicities as 

mentioned earlier except p-cyanophenyl which is a potent biotoxin and allelochemical 

with insecticidal, herbicidal and avicidal activities and 134-oxadiazole-thion which is a 

broad spectrum antiviral, vasodilator and sedative agent.    

Bioactive/toxic metabolites present with moderate amounts in AMC extracts of strain SI-

SM included; Cycloleucine (9.87% of TIC), Ethyl 6-hydroxy-5-nitro-4-oxo-4H-

chromene-2-carboxylate (9.78% of TIC), 2-Ethylhexyl methoxyacetate (9.28% of TIC), 

methyladmantane (8.74% of TIC), [1,1'-Biphenyl]-4-carboxylicacid, 4'-[[1-oxo-3-[4-

(tetradecyloxy)phenyl]-2-propyn-1-yl]oxy]-(1S)-1-methylheptyl ester (8.88% of TIC), 2-

bromopropanoic acid (8.64% of TIC), 2-Iodo-4-methyl-6-nitrophenol (8.68% of TIC), 2-

Hydroxy-3-methyl-9, 10-anthraquinone (8.59% of TIC), dibenz[a,j]acridine (7.62% of 

TIC),  with bioactivities/toxicities as mentioned earlier except; ethyl 6-hydroxy-5-nitro-4-

oxo-4H-chromene-2-carboxylate with antioxidant, antimicrobial, anticancer, antivascular, 

herbicidal, TNF-α inhibitor, antispasmolytic, antihelminthic, antitubercular, anti-

inflammatory, analgesic and anticonvulsant activities, 2-Iodo-4-methyl-6-nitrophenol 

with antiseptic, disinfectant and antihistamine activities which is also used in many 

pharmaceutical intermediates, methyladmantane which is a diamondoid with potent 

antiviral (Flu, HIV), antimicrobial activities and is also use in treatment of Parkinson's 

disease, ethyl 6-hydroxy-5-nitro-4-oxo-4H-chromene-2- carboxylate which is a hydroxyl 
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nitrocoumarin with potent antioxidant, antimicrobial and anticancer activities and 2-

bromopropanoic acid which is a biotoxin with carcinogenic and astrocytoxic potential.     

The bioactive/toxic compounds present in low amount in the extracts included; 

lumichrome (1.86% of TIC), Yohimbane (2.07% of TIC), 5-Isocyanato-2-(4-thiazolyl)-

1H-benzimidazole (4.56% of TIC), 1,2-Cyclohexanedione (0.63% of TIC), 

methoxyacetate (3.19% of TIC), 10 fluorodecanoic acid (3.38% of TIC), Hexanethiol, 

(3.84% of TIC), 2-Ethylhexyl Vinyl Ether (2.34% of TIC), 2-chlorooctane (2.44% of 

TIC) and dodecane (3.62% of TIC) with bioactivities/toxicities as mentioned earlier 

except cyclohexadione which is a biotoxin with herbicidal, fungicidal and antimicrobial 

activity, yohimbane which is a sedative/antipsychotic, antihypertensive agent and dietary 

supplement for improving male sexual function., hexanethiol, 2-ethylhexyl vinyl ether 

and 2-chlorooctane which are all potent biotoxins especially against aquatic organisms as 

these are aquatic pollutants.    

Bioactive/toxic metabolites produced by Oscillatoria sp. SI-SF 

The combined polar and non-polar fractions of AMC extract of Oscillatoria sp. SI-SF 

biosynthesized 26 compounds out of which 11 were uniquely present in polar fraction 

whereas 7 compounds were uniquely present in non-polar fraction. The rest of the 8 

metabolites were detected in both fractions. The bioactive/toxic status of strain SI-SF 

dictated it to be moderate antioxidant, mildly cytotoxic, antimicrobial, anticancerous 

agent possessing extremely high genotoxic, mutagenic, clastogenic and oxidative stress 

producing capabilities in both bacterial and mammalian cells (as screened in chapters 6, 7 

and 9), the bioactive/toxic metabolites detected in its AMC extract were found out to be 

sharing same characteristics.  

The highest amount of 19.1% of TIC was contributed by 2-Ethylhexyl 6-ethyl-3-octanyl 

phthalate closely followed by (9cis)-4-Oxoretinoic acid with 18.35% of TIC. [DOP], 

palmitoleic acid and 2-ethylhexyl methoxyacetate were also present in high amounts of 

13.89, 13.66 and 12.28% of TIC respectively with bioactivities/toxicities as mentioned 

earlier except; (9cis)-4-Oxoretinoic which is a vitamin-A metabolite with potent 

antioxidant and morphogenic activities. It has also shown potent teratogenic activities in 

vivo that causes embryo deformities.  

Bioactive/toxic metabolites present with moderate amounts in AMC extracts of strain SI- 

SF included; 3-methyl-4-oxo-2-phenyl-4H-1-Benzopyran-8-carboxylic acid (9.87% of 

TIC), o-methylhydroxylamine (8.32% of TIC), xanthenediol (8.38% of TIC), bisphenol-A 
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(8.75% of TIC), [DIBP] (9.21% of TIC), [DOA] (8.65% of TIC), oxalic acid (8.14% of 

TIC) and 2-ethylhexyl trichloroacetate (6.52% of TIC) with bioactivities/toxicities as 

mentioned earlier except; 3-methyl-4-oxo-2-phenyl-4H-1-Benzopyran-8-carboxylic acid 

which is a flavone with potent anticholinergic, antioxidant and anti-inflammatory 

activities and bisphenol-A which is a potent mutagenic agent, xenoestrogen, 

allelochemical and endocrine disruptor. 

The bioactive/toxic compounds present in low amount in the extracts included; dibenzo 

[a,j]acridine (0.98% of TIC), ditertiarybutyl phenol (0.36% of TIC), 2-iodo-nitrophenol 

(0.94% of TIC), Yohimbane (4.14% of TIC), Oxirane (3.28% of TIC), 2-tert-Butyl-3, 4, 

5, 6-tetrahydropyridine (3.01% of TIC), parahexyl (3.45% of TIC), Cycloleucine (1.7% of 

TIC), 2-Ethylhexyl mercaptoacetate (3.09% of TIC), [DIBP] (9.21% of TIC), [MEHP] 

(4.62% of TIC), dodecane (2.78% of TIC) and pipecolic acid (1.37% of TIC) with 

bioactivities/toxicities as mentioned earlier except; 2-tert-Butyl-3, 4, 5, 6-

tetrahydropyridine which is an antimicrobial and antifungal agent.  

A summary of metabolites and their bioactive/toxic status and chemical structures are given 

in Table 10.3. 

Discussion 

Cyanobacteria are a treasure trove and prolific producers of interesting natural products. As 

mostly unexplored, this group of eubacteria has become an object of much research since 

the last two decades due to their structurally and functionally diverse metabolites with 

fascinating bio-mechanisms, which have proven to be of great interest for pharmaceutical, 

toxicological, nutraceutical, food, and cosmetics industries (Kehr et al., 2011). 

Cyanobacterial metabolites are often analyzed in intracellular crude extracts, which are 

comprised of variety of primary and secondary features, which differ among different 

genera of cyanobacteria (El-Karim, 2016). These features can be analyzed with 

metabolomics studies involving high-throughput coupling of separation techniques like gas 

or liquid chromatography with identification tools like mass spectrometry or nuclear 

magnetic resonance spectroscopy (Peng et al., 2015).    

Metabolomics is rapidly becoming a popular “omics” science for the study of natural 

product research, drug discovery and systems biology following genomics and proteomics 

(Wishart, 2016). It is a technique which allows intense study of downstream products of 
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Table 10.3:  Toxic, teratogenic, carcinogenic, mutagenic and pharmaceutically important 

bioactive compounds detected in the AMC extracts of strains SI-SF, SI-ST, SI-SM and SI-SN.  

Natural Product Structure Details and Bioactive status of the compound 

1 

 
 

 

N, N-Di-(3-p-carbamoylmethylphenoxy-2-

hydroxypropyl) isopropyl amine.  

MF: C25H35N3O6  

MW: 473.56 Da  

Unknown function. Possible herbicidal activity due 

to isopropyl amine moiety.  

SI-SF SI-ST SI-SM SI-SN 

‒  | + ‒  | ‒ ‒  | ‒ + | + 

1.74 ND ND 2.23, 10.85 
 

2 Dibenzo[a,j]acridine 

MF: C21H13N 

MW: 279.335 Da 

Active mutagen, intercalate DNA bases,  

genotoxic, cytotoxic, potent inhibitor of  

topoisomerase-II enzyme, potential anticancer  

agent (Khadkaa and Cho, (2013), (Hsu et al., 2016). 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ + | ‒ + | + + | + 

0.98 3.56 4.73, 2.89 10.21, 4.51 
 

3     3-methyl-4-oxo-2-phenyl-4H-1-Benzopyran-8-

carboxylic acid. 

MF: C17H12O4 

MW: 280.275 Da  

Flavone with potent anticholinergic, antioxidant, 

and anti-inflammatory activities. 

(Ghoneim et al., 2007) 

SI-SF SI-ST SI-SM SI-SN 

‒  | + ‒  | ‒ ‒  | ‒ ‒  | ‒ 

8.99 ND ND ND 
 

4 

 

 

 

Ethyl 6-hydroxy-5-nitro-4-oxo-4H-chromene-2- 

carboxylate 

 MF: C12H9NO7 

MW: 279.202 Da 

Antitumor, antivascular, antimicrobial, herbicidal, 

antioxidant, TNF-α inhibitor, antispasmolytic, 

antihelminthic, anticancer, antitubercular, anti-

inflammatory, analgesic and anticonvulsant 

(Thomas and Zachariah, 2013). 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | + ‒  | ‒ 

ND ND 9.78 ND 
 

5 

 

     

Lumichrome 

MF: C12H10N4O2 

MW: 242.233 Da 

Nutraceutical, photosensitizer, quorum sensing sig-

nal-mimicking agent (Yamamoto and Asano, 2015). 

SI-SF SI-ST SI-SM SI-SN 

‒ | ‒ ‒  | + ‒  | + +  | + 

ND 0.61 1.86 7.33, 8.54 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,   ‒ | ‒ ; absent in both fractions. Chemical structures and bioactive status were searched in 

public open access chemical and literary databases; PUBCHEM, CHEMSPIDER, CHEMIDPLUS, 

WILEY, TOXNET, PUBMED and Google Scholar. 
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6 

 

Di-tert-butylphenol 

 MF: C14H22O 

 MW: 206.324 Da 

Antioxidant, cytotoxic, active genotoxic, highly 

toxic to aquatic organisms, fungicidal, anticancer. 

(Varsha et al., 2015) 

SI-SF SI-ST SI-SM SI-SN 

+  | + +  | + +  | + +  | + 

0.31, 0.05 2.12, 0.09 12.39, 1.34 3.21, 0.94 
 

7 

 

 2-Iodo-4-methyl-6-nitrophenol 

 MF: C7H6INO3 

 MW: 279.032 Da 

Antiseptic, disinfectant, antihistamine, use in 

many pharmaceutical intermediates. 

SI-SF SI-ST SI-SM SI-SN 

‒  | + ‒  | ‒ ‒  | + ‒  | ‒ 

0.94 ND 8.68 ND 
 

8 

 

Yohimbane 

MF: C19H24N2 

MW: 280.407 Da 

Phosphatase inhibitor, sedative, antihypertensive, d

ietary supplement male sexual function (Collins and 

Jones, 2014).  

SI-SF SI-ST SI-SM SI-SN 

‒  | + ‒  | ‒ ‒  | + ‒  | ‒ 

4.14 ND 2.07 ND 
 

9 

 

Triethanolamine 

 MF: C6H15NO3 

 MW: 149.188 Da 

Carcinogen, surfactant, emulsifier  

(Stott et al., 2004) 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ ‒  | ‒ ‒  | ‒ 

ND 1.60 ND ND 
 

10 

 
 

 

Oxirane-2-{[(2-Ethylhexyl) oxy] methyl} 

 MF: C11H22O2 

 MW: 186.291 Da 

Antibacterial, antiviral, antifungal, anticancer, 

aldehyde dehydrogenase inhibitor. 

SI-SF SI-ST SI-SM SI-SN 

‒  | + ‒  | + ‒  | ‒ ‒  | + 

3.28 4.26 ND 2.35 
 

11 

 

2-tert-Butyl-3, 4, 5, 6-tetrahydropyridine 

 MF: C9H17N 

 MW: 139.238 Da 

Antimicrobial, antifungal 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | ‒ ‒  | ‒ ‒  | ‒ 

3.01 ND ND ND 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,   ‒ | ‒ ; absent in both fractions.  
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12 

 
 

Aspidofractinin-3-yl methanol (2α, 3β, 5α) 

 MF: C20H26N2O 

 MW: 310.433 Da 

Reverses MDR in vincristine-resistant KB 

cells, antimicrobial, antinociceptive, analgesic, 

antipyretic. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ +  | + ‒  | ‒ +  | + 

ND 13.44, 13.76 ND 13.99, 13.97 
 

13 

 
 

1-Methyladamantane 

 MF: C11H18 

MW: 150.261 Da 

Antiviral (Flu, HIV), antimicrobial, also use in 

treatment of Parkinson's disease. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | + ‒  | ‒ 

ND ND 8.74 ND 
 

14  

 

Parahexyl 

 MF: C22H32O2 

 MW: 328.488 Da 

Psycoactive/narcotic (homologue of 

tetrahydrocannabinol), antiherbivore, 

antigrazer. (Fairchild et al., 1980). 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | + ‒  | ‒ ‒  | ‒ 

3.45 1.77 ND ND 
 

15 

 
 

 

O-Methyl hydroxylamine 

 MF: CH5NO 

 MW: 47.056 Da 

Active and potent genotoxic agent, inhibits 

base excision repair (BER), inhibit 

ribonucleotide reductase (Julian et al., 2015). 
SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | ‒ ‒  | + ‒  | ‒ 

8.32 ND 11.32 ND 
 

16 

 
6, 7, 8-Trimethyl-7H-dibenzo[c,h] xanthene- 

5, 9-diol 

MF: C24H20O3 

 MW: 356.414 Da 

Active antibacterial, antiviral and anti-

inflammatory agent used in photodynamic 

therapy. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒ | + ‒  | ‒ + | ‒ 

8.38 2.32 ND 9.34 
 

17 

 

 

 

Ethanol 

 MF: C2H6O 

 MW: 46.068 Da 

 Biofuel, established carcinogen, neurotoxic, 

psychoactive, antiseptic, antiviral, genotoxic. 

(Nozzi et al., 2013). 
SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒ | + ‒  | ‒ ‒  | ‒ 

ND 9.33 ND ND 
 

 + | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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18 

 

 

Bisphenol A 

 MF: C15H16O2 

 MW: 228.286 Da 

Potent mutagenic agent, xenoestrogen, 

allelochemical, endocrine disruptor. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | ‒ ‒  | ‒ ‒  | ‒ 

8.75 ND ND ND 
 

19 

 

 
  

 9-(2',2'-Dimethylpropanoilhydrazono)-3,6-

dichloro-2,7-bis-[2-(diethylamino)-ethoxy] 

Fluorene 

 MF: C30H42Cl2N4O3 

 MW: 577.586 Da 

Broad spectrum antimicrobial, cytotoxic 

activity, herbicide, fungicide, biotoxin. 

(Naine et al., 2015). 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | + ‒  | ‒ + | + 

ND 14.87, 13.9 ND 14.64, 15.99 
 

20 

 

Indole-3-lactic acid 

MF: C11H11NO3  

MW: 205.210 Da 

Natural auxin-analogue, weak auxin like 

activity in plant growth promotion, endocrine 

disruptor. 

(Sprunck et al., 1995). 
SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ ‒  | ‒ ‒  | ‒ 

ND 2.45 ND ND 
 

21 

 

 

2-Hydroxy-3-methyl-9, 10-anthraquinone 

 MF: C15H10O3 

 MW: 238.238 Da 

Anticancer, apoptosis inducer, antiplasmodial, 

antibacterial, antifungal, traditional medicine 

for psoriasis, genotoxic, cytotoxic. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ + | ‒ + | ‒ 

ND 9.62 8.59 16.92 
 

22 

 

 

1'-[(3,3-Dimethyl-3,4-dihydro-1-isoquinolinyl)me

thyl]-4'H-spiro[cyclopentane-1,3'-isoquinoline] 

MF: C25H28N2 

 MW: 356.503 Da 

Antifungal, insecticide, antiseptic, 

antihypertension agents, vasodilator, 

antiesthetic, possible neurotoxin 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | + ‒ | + + | + 

ND 13.21, 10.21 14.21 11.21, 13.89 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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23 

 

P-Cyanophenyl 4'-heptyl-4-biphenylcarboxylate 

 MF: C27H27NO2 

 MW: 397.509 Da 

Biotoxin, insecticide, herbicide, avicide. Use in the 

preparation of liquid crystals. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒ | + ‒  | ‒ 

ND ND 12.7 ND 
 

24 5-[3-tert-butyl-1-(3-methylbenzyl)-1H-pyrazol-5-yl

]-1, 3, 4-oxadiazole-2(3H)-thione. 

MF: C17H20N4OS 

MW: 328.43 Da 

Broad spectrum antiviral, vasodilator, sedative. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒  | ‒ 

ND ND 10.49 ND 
 

25 

 

5-Isocyanato-2-(4-thiazolyl)-1H-benzimidazole. 

MF: C11H6N4OS  

MW: 242.25 

Fungicide, antiparasitic, analgesic, antimicrobial, 

antiviral, antidiabetic and anticancer through ROS 
leading to apoptosis (Dembitsky et al., 2016). 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒ | + 

ND ND 4.56 4.56 
 

26 

 

 

2-(p-anisyl)-5,8-dimethyl-4-methylthio-Quinazoline 
MF: C18H18N2OS 

MW: 310.413 Da 

Anticancer, anti-inflammation, anti-bacterial, 

analgesic, anti-virus, anti-cytotoxin, anti-spasm, 

anti-tuberculosis, antioxidation, antimalarial, anti-

hypertension, anti-obesity, antipsychotic, anti-

diabetes (Rajput and Mishra, 2012). 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒ | + 

ND ND 11.61 12.73 
 

27 

 

1,2-Cyclohexanedione 

 MF: C6H8O2 

 MW: 112.127 Da 

 Herbicide, fungicide, antimicrobial. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒  | ‒ 

ND ND 0.63 ND 
 

28 

 

 

Cycloleucine 

 MF: C6H11NO2 

 MW: 129.157 Da 

Reversible inhibitor of DNA methylation, active 

immunosuppressant, cytostatic. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ + | + + | + + | + 

1.51, 0.19 3.33, 0.19  9.41, 0.46 0.93, 1.76   
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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5-[(4-tert-butylphenoxy) methyl]-3-(2-thienyl)-

1,2,4-oxadiazole 

MF: C17H18N2O2S 

MW: 314.4 

Antimicrobial, anti-inflammatory, antibacterial, 

antiviral, anticancer, antifungal, tuberculostatic 

and analgesic activities. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ + | + 

ND ND ND 12.65, 3.78 
 

30 

 

     

2-Methylanthraquinone 

 MF: C15H10O2 

 MW: 222.239 Da 

Genotoxic, cytotoxic, inhibition of human 

leukocyte elastase, disruptors of the 

mitochondrial membrane potential. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ + | ‒ 

ND ND ND 12.88 
 

31 

 

2-Ethylhexyl 4-nitrobenzoate 

 MF: C15H21NO4 

 MW: 279.33 Da 

Antimicrobial, water pollutant and toxic for 

aquatic organisms. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒ | + ‒  | ‒ + | + 

ND 8.98 ND 3.96, 5.34 
 

32 

 
 

 

[1,1'-Biphenyl]-4-carboxylicacid, 4'-[[1-oxo-3-[4-

(tetradecyloxy)phenyl]-2-propyn-1-yl]oxy]-(1S)-1-

methylheptyl ester 

MF: C36H46O5 

MW: 558.75 

Active anticancer, potent antifungal, 

antimicrobial. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒ | + + | ‒ 

ND ND 8.88 7.88 
 

33 

 
 

 

3',8,8'-Trimethoxy-3-piperidyl-2,2'-binaphthalene-

1,1',4,4'-tetrone 

 MF: C28H25NO7 

 MW: 487.501 Da 

 Antioxidant, broad spectrum antimicrobial 

activity, anti-trypanosomal.  

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ + | ‒ 

NA NA NA 9.32 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 
fraction,  ‒ | ‒ ; absent in both fractions.  
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Oxirane ethanol, 3-[8-(3-methyloxiranyl) octyl]-

acetate. 

MF: C17H30O4 

MW: 298.41 

Potent antifungal, antimicrobial, anti-parasitic. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ + | ‒ 

NA NA NA 8.56 
 

35 

 

 

Hesperetin (Flavonoid) 

 MF: C16H14O6 

 MW: 302.279 Da 

Antioxidant, anticancer, neuroprotective, 

chemopreventive, protect from cardiovascular 

diseases, anti-estrogenic, anti-inflammatory, anti-

allergic, hypolipidemic.  

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ ‒ | + 

NA NA NA 2.84 
 

36 

 

 

 

3-Bromooctane 

 MF: C8H17Br 

 MW: 193.125 Da 

Aquatic pollutant, biotoxin, cause a fatal malignant 

arrhythmia, termed "sudden sniffing death" 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒ | + ‒  | ‒ + | + 

NA 6.7 NA 4.43, 4.58 
 

37 

 

2-Ethylhexyl mercaptoacetate 

 MF: C10H20O2S 

 MW: 204.330 Da 

Genotoxic, cytotoxic 

SI-SF SI-ST SI-SM SI-SN 

‒ | + ‒ | + ‒ | + + | + 

3.09 4.12 9.28 9.28, 4.58 
 

38 

 

 

 

2-Ethylhexyl methoxyacetate 

 MF: C11H22O3 

 MW: 202.291 Da 

Teratogen, mutagen, developmental and 

reproductive toxicities, including neural toxicity, 

blood and immune disorders, limb degeneration and 

testicular toxicity. 

SI-SF SI-ST SI-SM SI-SN 

+ | + + | + + | ‒ + | ‒ 

4.62, 7.66 6.42, 4.55 3.19 0.32 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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2-Ethylhexyl 6-ethyl-3-octanyl phthalate 

 MF: C26H42O4 

 MW: 418.609 Da 

Cytotoxic, antimicrobial, antioxidant, endocrine 

disruptor, allelochemical, teratogen, oxidative 

DNA damage.  

SI-SF SI-ST SI-SM SI-SN 

+ | + + | + + | + + | + 

4.88, 14.22 11.6, 8.98 0.12, 13.19 0.15, 2.11 
 

40 

 
 

Isobutyl 4-octanyl phthalate [DIBP] 

 MF: C20H30O4 

 MW: 334.450 Da 

Endocrine disruptor, genotoxic, potent teratogen, 

possible carcinogen, cause oxidative DNA damage. 

  

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒ | + ‒  | ‒ ‒  | ‒ 

9.21 8.32 NA NA 
 

41 

 

 

 Di-n-octyl phthalate [DOP] 

 MF: C24H38O4 

 MW: 390.556 Da 

Anti-venom, antioxidant, allelochemical, endocrine 

disruptor, immunotoxic, cause oxidative DNA 

damage. 

SI-SF SI-ST SI-SM SI-SN 

‒ | + + | + + | + + | + 

13.89 12.94, 7.94 2.31,12.21 4.15, 1.45 
 

42

 
 

Di-4-octanyl adipate [DOA] 

MF: C22H42O4 

MW: 370.566 Da 

Carcinogen, teratogen, genotoxic, oxidative DNA  

damage, fetotoxic, male endocrine disruptor. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | ‒ ‒  | ‒ ‒  | ‒ 

8.65 NA NA NA 
 

43 

 

Mono (2-ethylhexyl) phthalate [MEHP] 

 MF: C16H22O4 

 MW: 278.344 Da 

 Potent antitumor agent, antioxidant, antimicrobial, 

genotoxic, embryotoxic, cytotoxic, male endocrine 

disruptor, allelochemical. 

SI-SF SI-ST SI-SM SI-SN 

+ | + + | + ‒  | ‒ + | + 

0.06, 4.56 17.64, 13.2 NA 12.92, 18.98 
 

44 

 

 
 

 

Hexanedioic acid, mono(2-ethylhexyl)ester 

MF: C14H26O4 

MW: 258.354 Da 

Potent antitumor agent, genotoxic, embryotoxic, 

cytotoxic, male endocrine disruptor.  

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ ‒  | ‒ ‒  | ‒ 

ND 10.97 ND ND 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions. 
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45 Hexanedioic acid, bis(2-ethylhexyl) ester 

[DEHA]  
MF: C22H42O4 

MW: 370.566 Da 

Potent antitumor agent, genotoxic, embryotoxic, 

cytotoxic, male endocrine disruptor, mutagenic. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ ‒  | ‒ ‒  | ‒ 

ND 6.38 ND ND 
 

46 

 
 

 

Butyl octyl carbonate 

 MF: C13H26O3 

 MW: 230.344 Da 

Antimicrobial, mild genotoxic, methylating 

agent. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ ‒ | + 

ND ND ND 1.46 
 

47 

 

 

Oxalic acid 

 MF: C2H2O4 

 MW: 90.035 Da 

Allergen, neurotoxin in high concentration, 

possible teratogen, nephrotoxic. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ + | + + | ‒ + | + 

8.14 9.38, 4.11 2.36, 10.36 2.23, 10.34 
 

48 

 

Cis-vaccenic acid 

 MF: C18H34O2 

 MW: 282.461 Da 

Antioxidant, anticancer, anti-carcinogen, 

cholesterol reductor, telomerase inhibitor 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ ‒ | + 

ND ND ND 10.7 
 

49 

 

 

 

10-Chloroundecanoic acid 

 MF: C11H21ClO2 

 MW: 220.736 Da 

Cytotoxic, antimicrobial. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ + | ‒ ‒  | ‒ ‒  | ‒ 

ND 8.64 ND ND 
 

50 

 

 

 

10-Fluorodecanoic acid 

 MF: C10H19FO2 

 MW: 190.255 Da 

Cytotoxic, antimicrobial. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒ | + 

ND ND 3.38 9.63 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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Hexanethiol 

 MF: C6H14S 

 MW: 118.240 Da 

Biotoxin 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | ‒ ‒  | ‒ 

ND ND 3.84 ND 
 

52 

 

 

 

2-Ethylhexyl Vinyl Ether 

 MF: C10H20O 

 MW: 156.265 Da 

Potent Biotoxin 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒ | + ‒  | ‒ 

ND ND 2.34 ND 
 

53 

 

 

  

2-Chlorooctane 

 MF: C8H17Cl 

 MW: 148.674 Da 

 Pollutant, potent biotoxin. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒ | + ‒  | ‒ 

ND ND 2.44 ND 
 

54 

 

 

 

Dodecane 

 MF: C12H26 

 MW: 170.335 Da 

 Biotoxin, cytotoxin 

SI-SF SI-ST SI-SM SI-SN 

+ | + + | + + | + + | + 

0.12, 2.66 0.08, 0.34 2.09, 1.53 0.09, 0.32 
 

55 

 

2-Bromopropanoic acid 

 MF: C3H5BrO2 

 MW: 152.975 Da 

 Tumor initiator, astrotoxic. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ + | + ‒  | ‒ 

ND ND 5.77, 2.87 ND 
 

56 

 

 

2, 6-Dimethyl-6-trifluoroacetoxyoctane 

 MF: C12H21F3O2 

 MW: 254.289 Da 

Cytotoxic for aquatic organisms 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒ | + ‒  | ‒ ‒  | ‒ 

ND 3.77 ND ND 
 

57 

 

 

Phytol 

 MF: C20H40O 

 MW: 296.531 Da 

Anticancer, anti-inflammatory 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ +  | ‒ 

ND ND ND 1.79 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 

fraction,  ‒ | ‒ ; absent in both fractions.  
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Azelaic acid 

 MF: C9H16O4 

 MW: 188.22 Da 

Antimicrobial and antifungal against skin 

infections. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ ‒ | + 

ND ND ND 3.44 
 

59 

 

 

 
 

 

Palmitoleic acid (MUFA) 

 MF: C16H30O2 

 MW: 254.408 Da 

Antimicrobial, antioxidant,  

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ ‒  | ‒ ‒  | ‒ + | ‒ 

13.66 ND ND 1.66 
 

60 

 
 

Linoleic acid [PUFA] 

 MF: C18H32O2 

 MW: 280.445 Da 

 Potent antioxidant, antiviral, anticancer, 

antimicrobial. 

SI-SF SI-ST SI-SM SI-SN 

‒  | ‒ ‒  | ‒ ‒  | ‒ + | ‒ 

ND ND ND 5.35 
 

61 

 
 

 

(9cis)-4-Oxoretinoic acid 

 MF: C20H26O3 

 MW: 314.419 Da 

 Potent morphogen, potent teratogen that causes 

embryo deformities, antioxidant. 

Wu et al. (2012); Yamazoe et al., (2015) 

SI-SF SI-ST SI-SM SI-SN 

+ | + ‒  | ‒ ‒  | ‒ ‒  | ‒ 

12.63, 5.72 ND ND ND 
 

62 

 

Pipecolic acid 

 MF: C6H11NO2 

 MW: 129.157 Da 

 Neuromodulator, angiotensin-I converting 

enzyme inhibitor, precursor for various toxins. 

SI-SF SI-ST SI-SM SI-SN 

+ | ‒ + | + + | ‒ + | + 

1.37 5.94, 0.14 10.14 0.25, 0.18 
 

63 

 

2-Ethylhexyl trichloroacetate 

 MF: C10H17Cl3O2 

 MW: 275.600 Da 

 Cytotoxic, herbicide, pesticide. 

SI-SF SI-ST SI-SM SI-SN 

+ | + ‒ | + ‒  | ‒ + | + 

3.26, 3.26 1.42 ND 4.56, 4.56 
 

+ | ‒ ; present in only polar fraction, + | + ; present in both fractions,  ‒ | + ; present in only organic 
fraction, ‒ | ‒ ; absent in both fractions.  
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transcription and translation and therefore reflects the end product of cellular regulatory 

mechanisms (Peng et al., 2015). Metabolomics is a sensitive technique that greatly depends on 

the methodology adopted for sampling and metabolic inactivation to obtain a reliable snapshot 

of cellular systems which is highly independent of the subsequent application of analytical 

techniques (Schwarz et al., 2013). 

In the current research, 4 cyanobacterial strains SI-SN, SI-ST, SI-SM and SI-SF were selected 

based on their bioactive/toxic status (as described in chapter 6, 7 and 9). These strains were 

grown under optimized conditions to assess all the bioactive/toxic compounds biosynthesized 

intracellularly. The strains were harvested when they reached their early stationary phase since 

this is usually the time when most of the cyanobacterial strains accumulate large amounts of 

toxic and bioactive compounds (Gacheva and Gigova, 2014). As metabolic inactivation is a 

key step in the metabolome study, the metabolic processes of the current strains were halted 

with extremely chilled 60% aqueous alcohol to get a wide snapshot of metabolites, a process 

termed as; non-targeted metabolic fingerprinting.  

Non-targeted analysis involves the identification and structure elucidation of both known and 

unknown compounds in the metabolic pool. Compare to targeted analysis this technique is 

rather difficult to perform as sample extraction and separation must take into account varying 

chemical and physical properties of the metabolic entities and detection technique must present 

with structural information (Schwarz et al., 2013). The most tedious step in metabolomics 

study is the separation of complex mixture. In this regard, GC-MS is a far superior technique as 

it allows separation of volatile, semi-volatile and compounds that are derivatized into volatility 

with high efficiency, which further coupled with mass detector under electron impact, provides 

detailed structural information (Hussain and Maqbool, 2014). Conversely, LC-MS, although 

superior to GC-MS in analyzing all kinds of metabolites without derivatization, fails to address 

the problem of separating compounds in complex mixtures as the separations are always 

incomplete leading to non-reproducible results (Vogeser and Seger, 2010). Furthermore, 

structure elucidation of unknown compounds is restricted in this technique as there are no 

universal ionization conditions in which an unknown compound is expected to be ionized 

whereas in case of quantification of known compounds, isotope labelled reference compounds 

are needed which are often not available for transformation products and other unusual 

metabolites (Hird et al., 2014).      

Non-targeted GC-MS metabolic fingerprinting of selected cyanobacterial strains gave 

impressive picture of their metabolic entities. Nostoc sp. SI-SN showed highest percentage of 

other metabolites including the secondary metabolites with 23% of the metabolic pool followed 
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by organic acids and derivatives, sugars and derivatives, fatty acids and derivatives and 

hydrocarbons and derivatives with 17, 15, 14 and 10% of total metabolites present in both 

polar and non-polar fractions of AMC extract. Alcohols and derivatives, amino acids and 

derivatives and unknown metabolites were comprised of 8, 8 and 5% of metabolic pool (Figure 

10.7 a). The unicellular strain Chroococcidiopsis thermalis SI-ST revealed the presence of 

highest amount of sugars and derivatives comprising of 22% of its metabolic pool followed by 

hydrocarbons and derivatives, organic acids and derivatives, fatty acids and derivatives, other 

metabolites and alcohol and derivatives comprising of 16, 15, 13, 13 and 11% of total 

metabolic pool. Amino acids and derivatives and unknown metabolites comprised of 5 and 4% 

of the metabolome. Furthermore a single nucleotide comprising of 1% was also detected in its 

metabolome unlike other isolated strains (Figure 10.7 b). Leptolyngbya sp. SI-SM showed 

highest percentage of other metabolites including the secondary metabolites with 21% of the 

metabolic pool followed by fatty acids and derivatives, hydrocarbons and derivatives, amino 

acids and derivatives and organic acids and derivatives comprising of 18, 16, 15 and 14% of its 

total metabolome. Alcohols and derivatives, unknown metabolites and sugars and derivatives 

were comprised of 9, 4 and 3% of its metabolic pool (Figure 10.7 c). Oscillatoria sp. SI-SF 

also showed highest percentage of other metabolites including the secondary metabolites with 

22% of the metabolic pool followed by organic acids and derivatives, fatty acids and 

derivatives and hydrocarbons and derivatives with 19, 16 and 14% of total metabolites present 

in the overall AMC extract. Alcohols and derivatives, amino acids and derivatives, sugars and 

unknown metabolites were present in low quantities and comprised of 9, 9, 8 and 3% of 

metabolic pool.  (Figure 10.7d). 

The four isolated strains under metabolome study showed similarities in metabolome 

composition with each other however there were also significant differences among the strains 

as it was clearly evident that Nostoc sp. SI-SN and Chroococcidiopsis thermalis SI-ST were 

capable of producing high amounts of sugars which was not the case with strain SI-SM and SI-

SF whereas Leptolyngbya sp. SI-SM showed its distinction from other strains in producing 

high amounts of amino acids and fatty acids. On the other hand, Oscillatoria sp. SI-SF showed 

comparatively high amounts of unknown metabolites and organic acids. Similarly, Quintana et 

al. (2011) also showed that several Nostoc sp. can biosynthesize high amounts of sugar content 

in the range of 16 to 38% of dry weight whereas Ishida et al. (1997) showed that 

Chroococcidiopsis sp. can biosynthesize sugars up to 30% of dry weight. Kim et al. (2015) 

have reported cellular components of Leptolyngbya sp. KIOST-1 composed of protein more 

than 50% out of which 40% were essential amino acids.   
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(A)       (B)  

(C) (D)  

 

 

 

 

Figure 10.7:    Percentage composition of small metabolites in AMC extracts of cyanobacterial 

strains SI-SF, SI-ST, SI-SM and SI-SN.  
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Out of the classified metabolic categories, strain SI-SN had shown to produce comparatively 

high amounts of pharmaceutically and toxicologically important bioactive compounds which 

included; [MEHP] (31.9%) which was produced in highest amount as compared with other 

strains followed by hydrazine-fluorene derivative (30.63%), two anthraquinone-metabolites 

with combined composition of 29.8%, aspidofractinine-like alkaloid (27.96%), Spiro-

isoquinoline (25.1%), halogenated fatty acid and hydrocarbon with combined composition of 

(18.64%), [124]-oxadiazole (16.43%), dibenz[a,j]acridine (14.31%), mercaptoacetate ester 

(13.86%), cis-vaccenic acid (10.7%), quinazoline (12.73%) and oxalic acid (12.57%). 

Similarly, Devi and Mehta, (2016) have also shown high amounts (20.13%) of [MEHP] in 

methanolic extracts of Nostoc sp. with the help of GC-MS. Mono-(2-ethylhexyl) phthalate 

[MEHP] is an active metabolite of the most commonly used plasticizer, di-(2-ethylhexyl) 

phthalate [DEHP], and is considered to be a reproductive toxicant, oxidative stress producer, 

endocrine disruptor (Wang et al., 2012). It has also shown to cause apoptosis in normal human 

cells (Yang et al., 2015a). In a recent study, Krishnan et al. (2014) have shown its cytotoxicity 

against MCF-7 and HepG2 cancer cell-lines with an IC50 value of 42 and 100 µg ml-1 

respectively. Conversely, the biosynthesis of hydrazine-fluorene derivative have been reported 

from marine strain of Streptomyces parvulus (Naine et al., 2015) as well as from several 

medicinal plants (Asif et al., 2013) however; this compound had been identified in the current 

research for the first time to be present in cyanobacteria Nostoc sp. SI-SN which could explain 

its potent antimicrobial activities as hydrazine-fluorene derivative had been shown to possess 

potent antimicrobial properties (Naine et al., 2015). This strain further produced 

anthraquinones metabolites which have recently been known to be produced by cyanobacteria 

as anti-infective natural products (Niedermeyer, 2015). Earlier, biosynthesis of anthraquinones 

had been reported for the first time in Nostoc commune by Jaki et al. (2000) as well as its 

derivatives had also been identified later in the methanolic extracts of Nostoc sp. CCC537 

(Asthana et al., 2009). 2-hydroxy-3-methylanthraquinone and 2-methylanthraquinone had been 

identified in cyanobacteria Nostoc sp. SI-SN. 2-hydroxy-3-methylanthraquinone and 

derivatives have shown a wide range of chemotherapeutic activities such as antioxidant, 

antitumor, antimicrobial, antiviral etc., (Devi and Naqvi, 2014) which could explain partially if 

not entirely the potent antioxidant, cytotoxic, antimicrobial and anticancer activities of Nostoc 

sp. SI-SN (as discussed in chapter 6). A kospinyl-type indole alkaloid aspidofractinine not 

reported from cyanobacteria up till today had also been identified for the first time in the 

current strain. Although, this particular compound had not been previously reported from 

cyanobacteria however still, cyanobacteria have been extensively reported to produce indole 
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alkaloids such as; ambiguines, fischerindoles, welwitindolinones etc. with diverse bioactivities 

that include; antimicrobial, insecticidal, allelopathic, cytotoxic, phytotoxic, anticancer activity 

especially against MDR type cancers, reversal of MDR in cancer cells, selective inhibition of 

RNA polymerases and antagonism of vasopressin, furthermore, they are also considered as 

potential cyanotoxins similar to saxitixin and anatoxin-A that can exert toxic effects in 

developing embryos (Walton and Berry, 2016). Yap et al. (2015) showed that aspidofractinine-

type alkaloids from Kopsia pauciflora can cause in vitro growth inhibition of human PC-3, 

HCT-116, MCF-7, and A549 cell-lines and reversal of MDR in vincristine-resistant human KB 

cells. Quinoline-type alkaloids have been reported in Lyngbya majuscula (Orjala and Gerwick, 

1997) however; 1-(3-Spiro-cyclopentane-3,4-dihydro-isoquinolin-1-ylmethyl)-3,3-dimethyl-

3,4-dihydro-isoquinoline has been reported in current cyanobacteria Nostoc sp. SI-SN for the 

first time. Toxic organohalogens and haloalkanes were also detected in Nostoc sp. SI-SN 

extracts. Cyanobacteria have the ability to produce unique hydrocarbons from fatty acids 

(Coates et al., 2014). About 2000 cyanobacterial species are known to produce organohalogens 

and volatile haloalkanes that proved to be highly toxic to humans (Gribble, 2019). 1,2,4-

oxadiazoles is a member of azole family containing two nitrogen atoms, two carbon and one 

oxygen atom in the ring which possesses variety of biological activities such as; human 

tryptase inhibitory activity, antitrypanosomal activity, β-amyloid imaging agents in 

Alzheimer’s disease, genotoxic activity, peptide inhibitory activity, antihyperglycemic activity, 

potential combretastatin A-4 (CA-4) analogs and oxadiazole mannich bases show antimyco-

bacterial activity (Arshad et al., 2014). Polyaromatic hydrocarbon (PAH) compound 

dibenzoacridine was also present in the extract of SI-SN. Hsu et al. (2016) and Khadkaa and 

Cho, (2013) have shown that dibenzo[a,j]acridine being an active mutagen intercalates DNA 

bases and cause genotoxicity, cytotoxic as well as  exert inhibition of topoisomerase-II enzyme 

and thus can be used as a potential anticancer agent. Haritash and Kaushik, (2009) have shown 

that PAHs are widely distributed in bacteria, fungi and algae with potent biological effects that 

include; toxicity, mutagenicity and carcinogenicity. Mercaptoacetate and its esters have been 

reported to be potent allelochemicals especially in rice paddy fields where cyanobacteria 

naturally occur (Amb and Ahluwalia, 2016). Cis-vaccenic acid, mono and poly-unsaturated 

fatty acids were also found Nostoc sp. SI-SN. Rezanka et al. (2012) have also shown presence 

of these compounds in three different strains of cyanobacteria. Isocyanato containing 

compound was also detected in low quantities in Nostoc sp. SI-SN. These types of compounds 

are quite rare in nature and reported to be involved in the secondary metabolism of 

cyanobacteria and possess diverse bioactivities including anti-tumor activities through 
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production of reactive oxygen species (ROS) that induces cell cycle arrest and apoptosis 

(Dembitsky et al., 2016). Quinazoline based compounds have been identified in 

microorganisms including cyanobacteria, plants and animals with more than 160 natural 

derivatives especially from marine sources (Franca et al., 2014). Recently four new quinazoline 

containing alkaloids have been identified and characterized from marine Oxalic acid has also 

been detected in high amounts in SI-SN. It has been reported that cyanobacteria produce and 

release oxalic acid in order to solubilize nutrients from insoluble carbonates (Singh et al., 

2016). 

Oscillatoria sp. SI-SF produced comparatively high amounts of two phthalate esters; 2-

ethylhexyl 6-ethyl-3-octanyl phthalate (19.10%) and [DOP] and two mutagenic/teratogenic 

compounds; (9cis)-4-Oxoretinoic acid (18.35%) and methoxyacetic acid 2-ethylhexyl ester 

which could explain partially if not entirely its potent mutagenic, genotoxic and teratogenic 

capabilities (as discussed in chapters 6, 7 and 9). Similarly, Wu et al. (2012) have shown that 

retinoic acid and their derivatives are capable of causing extreme teratogenic effects including 

malformations of neural tube, central nervous system, skeleton, palate, ear, heart defects, 

thymus and urogenital systems; as well as missing limbs in embryos of humans, rodents, 

chickens, frogs and fish. They further showed that out of 39 isolated cyanobacterial species, 32 

species could produce retinoic acids and 4-oxo-retinoic acid including Oscillatoria. They 

therefore suggested that retinoic acids in freshwater cyanobacterial species are evolutionary 

and ecologically significant as they are vertebrate-associated hormones and cyanobacteria form 

visible scums in many aquatic ecosystems. Furthermore, current strain SI-SF also produced 

methoxyacetate 2-ethylhexyl ester and according to Yamazoe et al., (2015), it is formed by the 

metabolisms of ethylene glycol monomethyl ether (2-methoxyethanol), di-(2-methoxyethyl) 

phthalate and 1,6-dimethoxyhexane and is a known teratogen and testicular toxicant in 

experimental animals. Methoxyacetate esters have also been reported by Wang et al. (2015) 

with the help of GC-MS in extracellular extracts of Microcystis wesenbergii. Strain SI-SF also 

produced high amounts of phthalate ester which are widely distributed pollutants, 

environmental pheromones, well known toxicants and male endocrine disruptors, which leech 

out from synthetic plastics into aquatic ecosystems (Rani et al., 2015). Cyanobacteria have 

shown to have these phthalate esters in their intracellular and extracellular extracts (Babu and 

Wu, 2010). Previously, it was known that cyanobacteria accumulate these pollutants from the 

environment (Vats et al., 2013). Although they do accumulate these pollutants from the 

environment during bioremediation process however; recent studies have shown that 
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cyanobacteria are capable of producing phthalic acids and their esters de novo (Babu and Wu, 

2010)  

Similar to Nostoc sp. SI-SN, Chroococcidiopsis thermalis SI-ST also showed presence of 

[MEHP] (30.84%), Spiro-isoquinoline (23.42%), Fluorene (30.63%), Aspidofractinine (27.2%) 

however it also produced high amounts of phthalic acids other than MEHP which included 

[DOP] (20.88%) and 2-ethylhexyl 6-ethyl-3-octanyl phthalate (20.58%) similar to and 

Oscillatoria sp. SI-SF. Furthermore, it also showed presence of parahexyl, ethanol, indole-3-

lactic acid and halogenated hydrocarbons. Parahexyl is a cannabinoid and a narcotic with 

similar properties as tetrahydrocannabinol (THC) which is an active compound in cannabis 

with well-known psychoactive properties (Fairchild et al., 1980). Cannabinoids have been 

reported in cyanobacteria such as serinolamide A which was isolated from marine Lyngbya 

majuscula and several Oscillatoriales (Gutiérrez et al., 2011). Strain SI-ST also shown 

production of ethanol, a biofuel. Several cyanobacterial strains have been engineered to 

produce large amounts of biofuels in order to avoid use of crop-plants (Nozzi et al., 2013). So, 

naturally biofuel producing strains of cyanobacteria hold promising biotechnological 

applications. SI-ST also produced indole-3-lactic acid which has a weak auxin-like activity 

(Sprunck et al., 1995). Varalakshmi and Malliga, (2012) have also shown presence of this 

compound in Oscillatoria annae. 

Similarly, Leptolyngbya sp. SI-SM also produces interesting compounds with highest being 

[DOP] (14.52%), spiro-isoquinoline (14.21%) and oxalic acid (11.6%). It further showed 

presence of di-tertiarybutyl phenol, p-cyanophenyl-quinazoline and o-methyl hydroxylamine. 

Di-tertiarybutyl phenol and oxadiazole containing metabolites. Di-tertiarybutyl phenol is an 

unusual neophenolic acid reported from several cyanobacterial strains and plants with potent 

antioxidant and antimicrobial activities (Bharat et al., 2013; Selassie et al., 2005). O-methyl 

hydroxylamines have been known from a long time to cause potent mutagenic effects 

(Putrament et al., 1972) however recently it has also been reported that this compound can also 

cause very potent antimicrobial activity especially against mycobacteria by specifically 

targeting ribonucleotide reductase enzyme without showing toxicity towards eukaryotic cells 

especially in case of BCG-infected macrophages (Julian et al., 2015). To the best of our 

knowledge, o-methyl-hydroxylamine has not been reported from cyanobacteria so far and thus 

it is the first time it has been identified in their extracts.   

Overall, the most prominent biomolecules detected in the four selected strains were the 

phthalic acid esters and thus showed that these strains could affect the aquatic ecosystems and 

surface waters through these pollutants. Furthermore, all the four strains had displayed very 
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diverse and interesting small molecules with potent bioactive as well as toxic activities which 

clearly reflect their harmful and beneficial properties.  
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CHAPTER: 11 

DISCUSSION 

Cyanobacteria are probably the most successful microbes on earth with dual photosystem, 

production of organic compounds from fixing CO2 and release of oxygen in the environment 

as bi-product (Caffarri et al., 2014). Not only this, they are major part of the ecosystem as 

they regulate carbon, phosphorus and nitrogen cycles and hence are present ubiquitously on 

the planet (Cottingham et al., 2015). Due to their photoautotrophic and ubiquitous nature, 

cyanobacteria have the ability to produce many structurally and chemically diverse bioactive 

natural products in order for them to survive varying environmental conditions and threats 

(Dittmann et al., 2015). Cyanobacteria have become a focus of attention since the last two 

decades as potential sources of biologically active constituents, produced as a result of their 

primary and secondary metabolism (Senhorinho et al., 2015). They are the miniature cell 

factories of the biological world that have the capacity to produce products of high biological 

value such as; proteins, lipids/fatty acids (polyunsaturated fatty acids (PUFA)), amino acids, 

enzymes, pigments, antioxidants, vitamins, minerals and diverse variety of known and still 

unknown metabolites of nutraceutical and pharmaceutical interests (Koller et al., 2014). 

Currently there is only one cyanobacterium approved by FDA for human consumption and 

that is Spirulina platensis (US FDA, 2013). It is sold as a nutraceutical and food supplement 

due to its high protein, essential fatty acids and vitamin content (Beheshtipour et al., 2013). 

Despite this, there are other more productive cyanobacterial genera beyond Spirulina that can 

produce very interesting large and small molecules with potent nutraceutical and 

pharmaceutical properties. So the main focus of the present study was directed towards 

isolation of various cyanobacterial strains for their potential to produce nutraceutically and 

pharmaceutically important compounds particularly for cancer chemoprevention and 

prevention or protection of genetic toxicity, however not all cyanobacteria are harmless as 

some produce highly potent toxins with diverse and still unknown functions. So another 

objective of the study was also to investigate their toxic properties. Despite their harmful 

effects, these cyanobacteria still can be used as a bioresource for the production and 

extraction of valuable products if not use as a whole food supplement. So considering this 13 
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cyanobacterial strains were successfully isolated from two polluted and two unpolluted 

sources in Punjab Pakistan where cyanobacterial growth was clearly evident. These sites 

were selected due to their unusual ecologies and diversity of cyanobacterial genera. The 

polluted sites included Kallar Kahar salt/brackish lake and sewerage drain of phosphate 

fertilizer factory resident colony whereas unpolluted sources included a water leaking from 

salt-mine drain and a phototrophic biofilm growing in a potted Aloe vera plant. Pollution 

factor was kept in mind in order to compare which environmental condition provides more 

productive strains. Much of the cyanobacterial strains were isolated polluted sources with 

61% strains isolated from Kallar Kahar lake due to the provision of ideal conditions for the 

growth of phytoplanktons by anthropogenic activities (Munir et al., 2013; Ullah et al., 2012; 

Iqbal et al., 2006) followed by 23% strains isolated from sewage drain. A positive correlation 

was seen between polluted sites and the abundance of cyanobacterial strains (Figure 11.1) 

which showed that pollution definitely had a hand in the growth of these phytoplanktons. A 

recent study supports the current fact that pollution from various anthropogenic sources 

indeed plays a major role in increase production of cyanobacteria by inhibiting the growth of 

competing phytoplanktons and stimulating their growth either directly or indirectly (Harris 

and Smith, 2016). The sampling of cyanobacteria was done in different seasons in spring and 

monsoon as cyanobacterial growth and consistency changes with changing environment (Gan 

et al., 2015). The sampling was done in order to include cyanobacterial genera of varying 

morphology. So out of 13 isolated cyanobacterial strains only 8 were included in the study 

since three strains shared similar morphology as already selected strain whereas two 

unicellular strains died during their enrichment process under unknown circumstances. One 

could hypothesis their death due to stressful growth conditions, infection with cyanophages 

or asymmetric division (Franklin, 2013). The selected 8 strains showed varying morphology 

as two of them (SI-SA and SI-SF) isolated as a phototrophic biofilm attached to the ledge of 

Kallar Kahar lake showed wavy trichomes, two of the strains (SI-SM and SI-SC) showed 

straight filaments, two were heterocystous strains, with one having agglomerate (SI-SN) and 

other having tapering (SI-SV) trichomes whereas a single unicellular strain (SI-ST) showed 

aggregative growth (Figure 11.2). Baeocytes were only observed in strain SI-ST. The 

fluorescent microscopic examination of the pure cultures labelled them to be prokaryotes as 

chl-a was observed to present homogenously in the cells. Furthermore, the examination also  
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Figure 11.1:    Correlation between percentage abundance of cyanobacteria and polluted and 

unpolluted isolation sites. P; polluted, UP; unpolluted. The trend shows strong positive correlation.  

 

 

 

Figure 11.2:    Classification of isolated cyanobacterial strains on the basis of their main 

distinguishing morphological features. 
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revealed that in all the strains chl-a and CPC were the dominant photosynthetic pigments 

except for strain SI-SN in which CPE was the main photosynthetic pigment with very little 

chl-a.  

Cyanobacteria have great metabolic flexibility in order to adapt and thrive in ecological 

niches of varying nature (Li et al., 2014). For the successful maintenance of cyanobacterial 

cultures for the production of high value products and pharmaceutically important 

compounds, various environmental and nutritional parameters need to be optimized since 

cyanobacteria produce these compounds in large quantities when growth conditions are 

optimized (Stucken et al., 2014). The most commonly studied parameters for cyanobacterial 

optimization are light quantity and quality, pH, temperature, salinity and nutrient requirement 

mainly in the form of nitrogen and phosphorus (Li et al., 2014). Cyanobacteria have 

photoautotrophic metabolism which means that they use CO2 as their inorganic carbon 

source, H2O and in some cases H2S as electron donor and light energy to synthesize organic 

molecules (Lau et al., 2015). The isolated strains showed very interesting and varying 

physiological patterns during their growth optimization procedure. It was observed that 

strains SI-SA, SI-SF, SI-SK, SI-SC and SI-ST preferred optimal growth at pH of 7 and 

temperature of 30°C whereas strains SI-SM, SI-SV and SI-SN preferred optimal growth at 

pH 8 and temperature of 25°C. All the strains grew better under continuous low intensity 40 

µE m-2 s-1 of light instead of under 16/8 day/night light regime. All the strains showed 

optimized growth with low concentrations of nitrogen, phosphorus and iron whereas all the 

strains also showed considerable growth without nitrogen which indicated that these strains 

can fix atmospheric nitrogen except strains SI-SC and SI-SF which showed very little growth 

without nitrogen. These features were found to be in correlation with their environmental 

growth conditions.   

As compared with other bacteria, the cyanobacteria also have four growth phases; lag phase, 

log phase, stationary phase and the death phase, however unlike regular heterotrophic 

bacteria their growth phases tend to be longer as they have comparatively slower specific 

growth rates (Li et al., 2014). The isolated cyanobacterial strains showed reasonably fast 

specific growth rates after optimization as all the strains entered their log phase after a week 

of first inoculum which lasted for 5 weeks in case of strains SI-SV, SI-SM, SI-SC, SI-SN and 

SI-SA with specific growth rates of 0.58, 0.56, 0.55, 0.54 and 0.52 µ day-1 respectively 
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whereas in case of strains SI-ST, SI-SK and SI-SF, the log growth phase lasted up to 6 (SI-

ST and SI-SK) to 7 weeks (SI-SF) with specific growth rates of 0.32, 0.28 and 0.26 µ day-1 

respectively. All the strains showed high tolerance potential against high concentrations of 

salt except for strains SI-SA, SI-SF and SI-SK which tolerated salt up to only 0.01 M. This 

fact might explain their reason for growing on the ledge away from the salty alkaline lake 

water. Conversely, strains SI-ST and SI-SC tolerated salt up to 1 M whereas strains SI-SN, 

SI-SV and SI-SM tolerated salt up to 0.8 M. These strains were thus classified as moderately 

halotolerant since according to Hagemann, (2011) NaCl tolerance limit of moderately 

halotolerant strains is around 1.7 M. Interestingly it was also observed that the specific 

growth rates of all the strains increased in the presence of salt concentration of 10 mM in case 

of SI-SA, SI-SK and SI-SF with specific growth rates increased up to 1.2 and 1.1 fold each 

respectively. At 50 mM the specific growth rate of strain SI-SM increased 1.1 fold whereas at 

100 mM the specific growth rates of strains SI-SC, SI-SV, SI-SN and SI-ST increased 1.3, 

1.2, 1.2 and 1.5 fold respectively.  

The analysis of physiological features is prerequisite in establishing relationship among the 

cyanobacterial strains (Simm et al., 2014). Multivariate cluster analysis showed four major 

clusters in which cluster 1 contained only strain SI-ST which showed least similarity of 90.01 

% with other strains followed by cluster 2 with strain SI-SC only which showed 94.37% 

similarity with other strains (Figure 11.3 A). Cluster 3 showed 95.62% similarity with other 

clusters. This cluster further had a sub-cluster which consisted of strains SI-SV and SI-SN 

with 96.75% similarity. Similarly, cluster 4 showed 95.97% similarity with other clusters. 

This cluster further had two sub-clusters with sub-cluster 1 consisted of strains SI-SF and SI-

SK with 99.34% similarity and sub-cluster 2 consisted of strains SI-SA and SI-SM with 

98.27% similarity. Multivariate principle component correlation analysis showed similar 

results as cluster analysis where strains SI-ST and SI-SC were grouped separately from other 

strains. Furthermore, strains SI-SF and SI-SK showed close grouping according to both PC1 

and PC 2 whereas strains SI-SM, SI-SA, SI-SN and SI-SV formed separate group. The 

cluster analysis also showed similarities based on the growth forms of the strains according to 

their natural habitats. Strains SI-SF both showed attached growth with large cells, strains SI-

SA and SI-SM showed attached growth with smaller cells, strains SI-SV and SI-SN showed 

floating growth with heterocysts whereas strains SI-ST and SI-SC showed dispersed and   
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A.  

                                                           Number 

                                                          of obs. 

      Number of  Similarity  Distance  Clusters      New   in new 

Step   clusters       level     level   joined   cluster  cluster 

   1          7     99.3406  0.013189  2      7        2        2 

   2          6     98.2787  0.034426  1      4        1        2 

   3          5     96.7523  0.064953  5      6        5        2 

   4          4     95.9741  0.080518  1      2        1        4 

   5          3     95.6276  0.087448  1      5        1        6 

   6          2     94.3717  0.112567  1      8        1        7 

   7          1     90.0069  0.199862  1      3        1        8 

 

B.  

Figure 11.3:   Multivariate analysis of cyanobacterial strains on the basis of their physiological 

requirements. (A). Dendrogram of complete linkage and correlation coefficient distance between 8 

strains. (B). PCA-correlation score plot of 8 strains. Distance along the horizontal axis indicates that 

the corresponding strains share similarities with regard to principal component 1, while distance 

along the vertical axis indicates similarities with regard to principal component 2.   
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submerged growth in a highly saline water. In order for complete and accurate identification 

of cyanobacterial isolates, a polyphasic approach was adapted. Accurate identification of 

cyanobacteria in natural product research holds great importance because production and 

synthesis of nutraceutically and pharmaceutically important bioactive and toxic compounds 

(like cyanotoxins) are usually strain-specific and may be associated with certain species of 

cyanobacteria (Mazur-Marzec et al., 2015). The polyphasic approach included phenotypic 

features examined under both light and fluorescent microscopes along with their 

physiological features as describe earlier as well as genotypic features like conserved 16S 

rRNA gene analysis along with their phylogenetic analysis. On the basis of their morphology, 

these strains were classified and assigned to their respective subsections i.e., I, II, III, IV and 

V (Castenholz, 2001). One strain (SI-ST) belonged to subsection II, five strains (SI-SA, SI-

SF, SI-SK, SI-SM and SI-SC) belonged to subsection III and two strains (SI-SN and SI-SV) 

belonged to subsection IV. The genus identified with morphological and physiological 

features corresponded well with the genus identified with 16S rRNA gene sequencing and 

phylogenetic analysis that confirmed the identities of the isolates as: Oscillatoria sp. SI-SA, 

SI-SF and SI-SK, Leptolyngbya sp. SI-SM, Phormidium sp. SI-SC, Nostoc sp. SI-SN, 

Calothrix sp. SI-SV and Chroococcidiopsis thermalis SI-ST. Furthermore, phylogenetic tree 

clearly explained the distribution of the strains according to their subsections.  

In order to obtain bioactive and toxic compounds from cyanobacteria not only culture 

optimization is necessary but extraction procedures and selection of solvents are also 

important. In the current study a traditional solvent extraction of solid-liquid type was 

adopted for the pre-screening of primary and secondary metabolites produced by the strains 

as the nutritional value and bioactive potential of the strains can be assessed from the primary 

and secondary phycochemicals. Under optimized conditions the isolated strains showed 

considerable production of high-value pigments i.e., phycobiliproteins (PBP), carotenoid 

(car) and chlorophyll-a (chl-a) with highest gross production of PBP (28.99%) shown by 

strain SI-SA followed by strains SI-SN (16.61%), SI-SC (16.03%), SI-SM (15.91%) and SI-

SV (15.05%). Gross production of carotenoid in high amounts was shown by strains SI-SV 

(1.3%), SI-SN (1.2%), SI-SM (0.9%) and SI-SA (0.8%) whereas the highest gross production 

of chl-a was produced by strains SI-SV (1.7%), SI-SM (1.5%), SI-SC (1.4%), SI-SA (1.3%) 

and SI-SN (1.2%). The pigment profiles of 8 isolated strains are given in Figure 11.4.  
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Cyanobacteria are also rich source of proteins, carbohydrates and lipids. Isolated 

cyanobacterial strains showed high accumulation of these primary phycochemicals under 

optimized conditions. The highest gross production of protein of 51.3% was achieved by 

strains SI-SA which is on par with the gross protein production of commercial Spirulina 

platensis which is 58-73% (Grewe and Pulz, 2012) whereas strains SI-SM, SI-SC, SI-SV and 

SI-SN showed gross protein content of 41.17, 38.63, 35.28 and 32.17% respectively. The 

highest gross carbohydrate production of 34.55% was observed in strain SI-SN followed by 

strain SI-ST and SI-SV with carbohydrate content of 31.56 and 29.44% respectively. 

Although strain SI-SN showed higher carbohydrate content but its protein content was 

equally and uncommonly high making it a rare Nostoc strain. Grewe and Pulz, (2012) 

showed much higher carbohydrate content of 56-57% from a commercial strain of Nostoc 

spp. whereas it showed low gross protein production of 10-23%. High gross free amino acids 

of 14.21 and 11.45% were produced by strain SI-SM and SI-SV. All the strains showed 

considerable lipid production with the highest gross lipid content of 26.42% produced by 

strain SI-SM followed by strains SI-SF, SI-SK , SI-ST and SI-SC with lipid contents of 

21.33, 18.67, 17.24 and 16.63% respectively. The gross nutrient profiles of 8 isolated 

cyanobacterial strains are given Figure 11.5.   

For the extraction of secondary phycochemicals various solvents and solvent mixtures were 

used for efficient and complete extraction amongst which the highest diversity of secondary 

phycochemicals was qualitatively detected in AMC (acetone: acidified-methanol: chloroform 

10:8:6 ratio) extracts of the strains which included; phenolics, flavonoids, alkaloids, reducing 

sugars, cardiac glycosides, saponins, sterols and terpenoids. On the other hand, quantitatively, 

all the strains produced high amounts of alkaloids in the range of 0.74% in strain SI-SC to 

2.772% in strain SI-SF. All the strains also produced considerable amount of phenolic 

compounds in the range of 0.39% in strain SI-SF to 1.26% in strain SI-ST whereas 

flavonoids were produced in the range of 0.171% in strain SI-SA to 0.344% in strain SI-SM. 

Furthermore, HPLC detected 15 phenolic compounds with total phenolic content in the range 

of 2.773% in SI-SF to 8.297% in SI-SM. The prevalent compounds in most of the strains 

were Rutin, Tannic acid, Orcinol, Phloroglucinol and Protocatechuic acid.  

Earth receives solar radiations which are composed of infrared (780 nm), visible radiation 

(400 to 700 nm) ultraviolet-A (315 to 400 nm), more energetic ultraviolet-B radiation (280 to 
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Figure 11.4:   Gross high-value pigment profiles of cyanobacterial isolates under optimized growth 

conditions. Values are presented as percentage dry weight.   

 

 

 

 

Figure 11.5:   Gross primary phycochemical profiles of cyanobacterial isolates under optimized 

growth conditions. Values are presented as percentage dry weight. 
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315 nm). A third type of high energy radiation called ultraviolet-C (100 to 280 nm) does not 

pass through the earth’s atmosphere as it is blocked out by ozone layer (Singh et al., 2014). 

These radiations can damage the essential macromolecules like DNA and proteins and can 

also produce reactive oxygen species (ROS) that can further damage the cellular structures. 

Since cyanobacteria are photosynthetic organisms and are constantly exposed to these 

various radiations they have evolved a number of remarkable strategies to overcome the 

deleterious effects of these radiations. These strategies include; increase in the turnover of 

D1 and D2 proteins of PSII, repair of damaged DNA by photo-reactivation and other light 

independent mechanisms, spore formation, accumulation of carotenoids, antioxidants and 

most importantly the UV-absorbing compounds like mycosporine-like amino acids and 

scytonemin (Singh et al., 2014). When screened, 6 (SI-SA, SI-SM, SI-SN, SI-SV, SI-SC and 

SI-ST) out of 8 isolated cyanobacterial strains showed presence of MAA whereas 5 (SI-SM, 

SI-SC, SI-SN, SI-SV and SI-ST) also showed presence of scytonemin.  

Cyanobacteria produce both toxic and pharmaceutically/nutraceutically beneficial bioactive 

compounds. For the screening of these compounds, the useful strategies involve direct and 

indirect chemical and biological screening (Herrero et al., 2013). The antioxidation status of 

cyanobacterial strains was analyzed with indirect quantitative and qualitative methods. The 

quantitative method included DPPH and ABTS assays and the antioxidant activities were 

measured in terms of EC50 values. EC50 is a dose of an antioxidant at which it scavenges 50% 

of the free radical and reduces the absorbance. Thus it determines the potency of an 

antioxidant substance as a smaller EC50 value corresponds to a higher antioxidant activity 

(Rebaya et al., 2014). The necessity to use two different free radicals for same type of 

reaction is because unlike ABTS, DPPH in its oxidized form is deep-purple in color and the 

colored extracts of cyanobacteria would have interfered with the endpoint reading, leading to 

underestimation of the antioxidant potential (Apak et al., 2013).  The highest antioxidant 

activities in terms of EC50 values were shown by aqueous extracts of all the strains both in 

case of ABTS and DPPH assays followed by AMC extracts (Figure 11.6). In case of aqueous 

extracts, the most potent activity was shown by Oscillatoria sp. SI-SA with EC50 value of 

18.54 and 21.15 µg ml-1 with ABTS and DPPH assay respectively whereas in case of AMC 

extracts the most potent activity was shown by Nostoc sp. SI-SN with EC50 value of 36.39 

and 44.72 µg ml-1 with ABTS and DPPH assay respectively. Overall the most potent 
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antioxidant activity was shown by Nostoc sp. SI-SN followed by Leptolyngbya sp. SI-SM, 

Calothrix sp. SI-SV, Phormidium sp. SI-SC and Oscillatoria sp. SI-SA. Furthermore, the 

antioxidant bioautographic assay of aqueous extracts revealed that most of the antioxidant 

activity was because of the highly polar compounds; phycobiliproteins (PBP). The 

correlation between phycobiliprotein content and antioxidant activities of aqueous extracts 

obtained from both ABTS and DPPH assay showed a very strong correlation (R2 = 0.889, 

0.896) (Figure 11.7 A) which showed that indeed in aqueous extracts the main compounds 

responsible for antioxidation were the PBPs. On the other hand the antioxidant 

bioautographic assay of AMC extracts revealed that the antioxidant activities were because of 

both polar and non-polar compounds in which phenolic compounds and carotenoids could be 

contributing heavily. The correlation between total flavonoid content and antioxidant 

activities of AMC extracts obtained from both ABTS and DPPH assay was not significant (R2 

= 0.308, 0.307 respectively) (Figure 11.7 B). Conversely, there was a significant correlation 

between phenolic contents (R2 = 0.687, 0.663) (Figure 11.7 C) and even stronger correlation 

between carotenoid contents and antioxidant activities of AMC extracts (R2 = 0.685, 0.709) 

(Figure 11.7 D) which showed that the phenolic and carotenoids were the main compounds 

responsible for the antioxidation of AMC extracts. 

Cyanobacteria have not yet recognized as a source of antimicrobial compounds as much of 

the attention is being given to their toxins and their effects on humans and the ecosystem 

(Pandey, 2015). This might be the case however; systemic screening and phycochemical 

analysis have revealed them to produce diverse and potent antimicrobial agents. The 

biological screening of the aqueous, AMC, acetone and methanolic extracts of isolated 

cyanobacterial strains against eleven test pathogenic bacteria including both Gram-negative 

and Gram-positive species and yeast pathogens obtained from ATCC type-cultures and 

clinical diagnostic lab were analyzed. Only AMC extracts showed significantly strong 

antimicrobial activity against all the test organisms (Figure 11.8 A). Staphylococcus aureus 

ATCC 25923 and Klebsiella pneumonae ATCC 700603 showed highest sensitivity towards 

AMC extracts of all the cyanobacterial strains. MRSA was most sensitive towards AMC 

extract of strain SI-SK, E.coli ESBL, E.coli ATCC 25922, Pseudomonas aeruginosa and 

Klebsiella pneumonae ATCC 700603 showed higher sensitivity towards showed sensitivity 

towards AMC extract of strain SI-ST, Enterobacter sp. and Staphylococcus aureus ATCC 
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Figure 11.6:   Antioxidant activities of aqueous and AMC extracts of 8 cyanobacterial strains in terms 

of EC50 values (µg ml-1) measured with ABTS and DPPH assays.   

      

           

           

Figure 11.7:    Correlation between the antioxidant activity (Ac) in terms of EC50 (µg ml-1) and 

total phycobiliproteins (TPBP), phenolic (TPC), flavonoid (TFC) and carotenoid contents. (A). 
Correlation between TPBP and Ac of aqueous extracts. (B). Correlation between TFC and Ac of AMC 

extracts. (C). Correlation between TPC and Ac of AMC extracts. (D). Correlation between total 

carotenoids and Ac of AMC extracts. The values are obtained with linear regression analysis with 95% 

confidence interval.     
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25923 showed high sensitivity towards extracts of strain SI-SM whereas Citrobacter sp. and 

Bacillus sp., were highly sensitive towards AMC extracts of strains SI-SN and SI-SM. Two 

yeast pathogens: Candida albicans (CA) and Candida tropicalis (CT) also showed high 

sensitivity towards AMC extracts of strain SI-SN and SI-SM. Overall the strains showed 

broad-spectrum antimicrobial activities. Due to good response of AMC extracts, they were 

further analyzed for their minimal inhibitory concentrations (MIC) and minimal fungicidal 

concentration (MFC). MIC/MFC is the least concentration of a drug that can prevent the 

growth of bacteria or fungi. MIC is the first step in the evaluation of a potential antimicrobial 

drug (Balouiri et al., 2016). Many improvements have been made to establish accurate tests 

for complete elimination. In the current study a metabolic endpoint marker; triphenyl 

tetrazolium chloride (TTC) was considered for screening of metabolically active or inactive 

cells to determine MIC with a microtiter broth dilution technique. The use of TTC is very 

beneficial in screening as it acts as an indicator for antibacterial activity by forming highly 

colored formazan products upon metabolic reduction reaction (Khurram et al., 2015). This 

change in color can be very helpful in differentiating hazy bacteriostatic microbial growth or 

accumulation of dead cells which interfere with absorbance of microbial growth during 

spectrophotometric readings (Moussa et al., 2013). Furthermore, the use of this method in 

liquid culture is beneficial than agar diffusion method as some compounds of complex 

structure, high molecular weights and non-polar nature do not efficiently diffuse through the 

solid media leading to under-estimation of antimicrobial activities (Balouiri et al., 2016).  

MIC of AMC showed very potent concentrations in case of all the strains as compared with 

agar diffusion assay with the most potency shown by AMC extracts of strains SI-SM and SI-

SN with MIC as low as 0.073 followed 0.086 µg ml-1 against Staphylococcus aureus (Figure 

11.8 B). Moreover the AMC extracts also showed potent activity against MRSA and E.coli 

ESBL strains with MIC as low as 4.32 and 4.38 µg ml-1. The extracts were even active 

against yeast pathogens with Candida albicans being more sensitive towards the extracts of 

all the strains whereas the lowest MFC was shown by strains SI-SM (0.95, 0.16), SI-SN 

(0.77, 0.5) against C. albicans and C. tropicalis respectively. On the basis of MIC values, the 

cluster analysis classified the isolated strains into two groups. Group one consisted solely of 

strain SI-SA which showed 71.13% similarity with strain SI-SC. Group two further had 

stepwise sub-clusters where strain SI-SC showed 75.3% similarity with strain SI-SN which 
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Figure 11.8 a:   Antimicrobial zone of inhibitions (IZ). IZ (mm) of AMC extracts of 8 

cyanobacterial strains against 9 pathogenic Gram-positive and Gram-negative bacteria: MRSA, 

E.coli ESBL, E.coli ATCC 25922, Pseudomonas aeruginosa, Klebsiella pneumonae ATCC 700603, 

Enterobacter sp., Bacillus sp., Citrobacter sp., Staphylococcus aureus ATCC 25923 and 2 yeast 

pathogens: Candida albicans (CA) and Candida tropicalis (CT). 

 

 

Figure 11.8 b:  Minimal Inhibitory Concentrations.  MIC of AMC extracts of 8 cyanobacterial 

strains against 9 pathogenic Gram-positive and Gram-negative bacteria: MRSA, E.coli ESBL, E.coli 

ATCC 25922, Pseudomonas aeruginosa, Klebsiella pneumonae ATCC 700603, Enterobacter sp., 

Bacillus sp., Citrobacter sp., Staphylococcus aureus ATCC 25923 and 2 yeast pathogens: Candida 

albicans (CA) and Candida tropicalis (CT). 
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showed 76.50% similarity with strain SI-SM. Strain SI-SM further showed 81.51% similarity 

with strain SI-SK which further showed 84.64% similarity with strain SI-ST which showed 

86.01% similarity whereas strain SI-SV showed 91.76% similarity with strain SI-SF. On the 

whole strain SI-SF was the most different from all the strains and showed the least 

antimicrobial activity against all the strains. Principle component analysis also showed 

similar results to cluster analysis and grouped strains SI-SN, SI-SC and SI-SA together on the 

basis of second component. It grouped SI-SM separately but in the same vicinity as SI-SK 

however SI-SK was grouped closely to strain SI-SV which was also closely grouped with 

strain SI-ST on the bases of first principle component. Conversely strain SI-SF formed a 

separate group away from all the strains.      

On the basis of bioautographic assay it was observed that most of the antimicrobial activity 

was generally shown by polar and mid-polar compounds however no significant correlation 

(R2 < 0.5) was found between total phenolic and total alkaloid contents and the antimicrobial 

activity of the AMC extracts against the tested 11 bacterial and yeast pathogens. The 

correlation between total flavonoid content and antimicrobial activity of AMC extracts of all 

the strains was also not significant except against MRSA with which they gave significant 

correlation (R2 = 0.649) which showed that flavonoids partially if not entirely were 

responsible for the antimicrobial activities. On the whole, it could be said that the compounds 

responsible for the antimicrobial activities of the AMC extracts might belong to flavonoids 

and other unknown compounds. In several studies it has been reported that cyanobacteria are 

a prolific source of low-molecular weight metabolites and other post-translationally modified 

peptides with potent antimicrobial activities (Raja et al., 2016; Pandey, 2015; Wang et al., 

2011). It would have been interesting to isolate and characterize these compounds, however 

the current study aimed at the crude extracts and hence the quest for these compounds was 

left for future prospective. The AMC extracts proved to be a potent source of 

pharmaceutically important antimicrobial compounds. 

Despite their beneficial role some cyanobacterial strains are very toxic to living organisms. 

Cyanobacteria exert toxicity mainly to ward off micro and macrograzers (Zanchett and 

Oliveira-Filho). Acute toxicity testing with an invertebrate like Artemia salina can give 

information about the effects of cyanobacterial biotoxins on these grazers as well as on their 

general biotoxic status (Hisem et al., 2011). Furthermore, acute toxicity in a mammalian 
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                                                         of obs. 

      Number of  Similarity  Distance  Clusters      New   in new 

Step   clusters       level     level   joined   cluster  cluster 

   1          7     91.7688  0.164624  2      7        2        2 

   2          6     86.0161  0.279679  2      8        2        3 

   3          5     84.6391  0.307217  2      3        2        4 

   4          4     81.5073  0.369853  2      4        2        5 

   5          3     76.5033  0.469934  2      6        2        6 

   6          2     75.3586  0.492829  2      5        2        7 

   7          1     71.1331  0.577338  1      2        1        8 

 

 

 

Figure 11.9:   Multivariate analysis of cyanobacterial strains on the basis of their antimicrobial 

activities. (A). Dendrogram of complete linkage and correlation coefficient distance between 8 

strains on the basis of MIC and MFC values. (B). PCA-correlation score plot of 8 strains on the basis 

of MIC and MFC. Distance along the horizontal axis indicates that the corresponding strains share 

similarities with regard to principal component 1, while distance along the vertical axis indicates 

similarities with regard to principal component 2.  
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cellular system like in the effects of cytotoxins (Hisem et al., 2011). The data in the current 

study showed that 50% of the 8 isolated AMC biomass extracts were biotoxic with lethal 

effects i.e., LD50 greater than 60% whereas the other 50% were non-lethal but had shown 

moderate biotoxicity at higher concentrations only. In a previous study, Falch et al. (1995) 

had shown that 75% of all strains under study were biotoxic when tested on A. salina. Similar 

results were observed when cytotoxicity was studied against lymphocytes. 30% of all studied 

biomass extracts were extremely cytotoxic, 20% were moderately cytotoxic and 50% were 

not cytotoxic. Overall, the AMC extracts of SI-SN, SI-SM and SI-ST were more toxic 

towards mammalian cellular system whereas AMC extract of strain SI-SK was more toxic 

towards crustacean cellular system. The extract of SI-SF however showed similar response 

towards both cellular systems. Conversely, the AMC extracts of SI-SV, SI-SC and SI-SA 

showed considerable toxicity only towards crustacean cellular system. 

Cyanobacteria have also been known to cause embryotoxic effects by producing estrogenic 

and/or teratogenic metabolites, which could be released into aquatic ecosystem and affect the 

development of aquatic animals living in littoral zones where cyanobacteria often form 

blooms (Jonas et al., 2015). In the current study the embryotoxic effects of cyanobacterial 

AMC extracts of 8 isolates were studied in developing avian (chicken) embryo. 87.5% of 

AMC biomass extracts of 8 strains showed embryotoxicity at all concentrations whereas only 

12.5% of biomass extracts showed teratogenic effects. This shows that the AMC extracts of 

isolated strains were not even toxic to aquatic but terrestrial organisms as well that can also 

cause harm to the developing embryo. 

Cyanobacteria are well known toxin producers however their toxic compounds can be 

exploited in pharmaceutical industries as leading compounds for cancer therapy (Dias et al., 

2015). This is because of the fact that these toxic compounds target specific organs and their 

mechanism of action is processed through specific metabolic and cellular routes which are 

prominently expressed in cancer cells as opposed to normal cells making them ideal targeted 

drug candidates (Zanchett and Oliveira-Filho). The cyanobacterial AMC extracts were 

therefore evaluated for their anticancer effects against two (MCF-7 and MDA-MB-231) 

breast cancer cell-lines of different pathologies as this type of cancer is prevalent in Pakistan 

especially in young women (Menhas and Umer, 2015). AMC extracts of all the isolated 

strains showed anticancer activities with varying degree in terms of their IC50 values with 
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strain SI-SN, SI-ST and SI-SA being the most potent strains against both cell-lines. 

Moreover, strain SI-SN showed increasing activity towards the more aggressive and resistant 

cancer cell-line, completely eradicating and killing them without recurrence by causing 

apoptosis. Apoptosis is a desired treatment for cancer chemotherapy and many potential 

anticancer drugs targeting apoptosis have already entered clinical trials (Wong, 2011). The 

bioactivity guided TLC-fractionation of AMC extract of strain SI-SN revealed a band of 

carotenoid isomer of non-polar nature and two unknown polar bands showing high anticancer 

activities through apoptosis. In this regard, the current strain Nostoc sp. SI-SN proved to be a 

good bioresource for potential cancer chemotherapeutic drug leads. Interestingly, strain SI-

SA, SI-SV and SI-SC which showed low toxicity with A. salina and showed very low to non-

toxic behavior with normal lymphocytes showed high anticancer activities.   

The cyanotoxins have been known to cause hepatotoxicity and neurotoxicity among other 

toxic properties however their mutagenicity and genotoxicity have been rarely studied 

however recently increasing reports about other possible mechanisms of these toxins have 

been immerging which includes mutagenicity and genotoxicity (Sieroslawska and Rymuszka, 

2013). However the results are still ambiguous as crude extracts have shown higher 

mutagenic activity than the pure cyanotoxin which shows that cyanotoxin must exert 

mutagenic responses with synergistic effects with other metabolites in the extracts 

(Sieroslawska, 2013). So the bioactive AMC extracts of 8 isolated cyanobacterial strains 

were evaluated for their mutagenic activity against four Salmonella mutant tester strains 

designed to study four different types of mutation events in the presence or absence of 

metabolic activation enzymes as some compounds need to be transformed by host enzymes to 

become mutagenic (Ma et al., 2012). So, upon conducting the Ames test it was observed that 

87.5% of all AMC biomass extracts exerted missense base-pair substitution mutations with 

TA100, 25% of biomass extract showed frameshift insertion mutations with TA98 whereas 

12.5% biomass extracts showed this mutation only when metabolically activated. 

Furthermore, only 12.5% AMC extract showed frameshift deletion mutation with TA97a and 

finally 25% extracts exerted nonsense transition/transversion mutations with TA102 whereas 

only 12.5% of AMC extracts showed this mutation with only metabolic activation. Overall it 

was observed that the majority of the AMC extracts of the isolated strains exerted mutagenic 

effects without S9 metabolic activation whereas with it they showed toxicity as their 
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mutagenicity was observed to decrease in its presence. Conversely, only strains SI-SF, SI-SK 

and SI-ST showed enhance mutagenicity in presence of S9 activation. It could be concluded 

from the Ames test that cyanotoxins might not be the only compounds responsible for 

causing toxic, teratogenic or mutagenic effects. The biotoxic, cytotoxic, 

embryotoxic/teratogenic and mutagenic profiles of AMC extracts of 8 isolated cyanobacterial 

strains are given in Figure 11.10. 

Despite the use of cyanobacterial extracts for treatments of ailments for centuries, it has also 

been shown that cyanobacterial extracts contain harmful compounds that have genotoxic 

properties such as microcystins that cause cytogenotoxicity in HepG2, a human hepatoma 

cell line, increased DNA strand breaks, produce 8-hydroxydeoxiguanosine (8-OHdG) lesions 

and lipid peroxidation as well as LDH release by producing oxidative stress (Žegura, 2016; 

Nong et al., 2007). However, from a pharmacological point of view, the targeted bioactivities 

and characteristic physicochemical properties of cyanotoxins can be exploited into producing 

potent targeted cancer therapeutics (Zanchett and Oliveira-Filho, 2013). More specifically, 

cyanobacterial cyclopeptides share a pharmacophore structure that express targeted activity 

against metastatic cancers that express organic anion transporters (Kounnis et al., 2015).  

Cyanobacteria have also been known to produce genotoxic and clastogenic compounds 

however, very scarce data about this issue is present in published literature and whatever of 

this data there is, only known cyanotoxins have been discussed in details (Melegari et al., 

2015). Nevertheless, cyanobacteria are capable of producing genotoxic compounds with 

diverse structure and function which are still unknown. In the current study, 8 isolated strains 

were evaluated for their genotoxic, clastogenic as well as oxidative stress producing 

properties. On the basis of plasmid nicking assay, 37.5% AMC biomass extracts of 8 isolated 

strains (SI-SN, SI-SF and SI-SM) had shown double-strand breaks whereas 50% (SI-ST, SI- 

SK, SI-SC, SI-SV) showed single-strand breaks and only 12.5% (SI-SA) showed no 

genotoxicity. Similar results were obtained from comet assay as it was observed that 62.5% 

AMC biomass extracts of isolated strains (SI-SN, SI-SF, SI-SM, SI-ST and SI-SK) showed 

more than 50% genotoxicity. Furthermore, 25% of the strains (SI-SC and SI-SV) showed less 

than 30% genotoxicity only at highest concentration whereas 12.5% biomass extracts (SI-SA) 

showed low genotoxicity only at highest concentration (Figure 11.11). When clastogenicity 

of these strains were studied similar findings were observed as mutagenicity in bacterial
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A.      B.         C.  

D.   E.  

 

Figure 11.10:   Percentage toxicity and mutagenic profiles of AMC extracts of 8 isolated cyanobacterial strains. (A). Biotoxicity in terms of 

percentage mortality against Artemia salina at highest concentration of 1000 µg ml-1. (B). Cytotoxicity in terms of percentage cell viability in 

stimulated human lymphocytes at highest concentration of 1000 µg ml-1. (C). Percentage embryotoxicity and teratogenicity in chicken embryos. 

(D). Cytotoxicity in terms of percentage cell viability against MCF-7 and MDA-MB-231 breast cancer cell-lines. (E). Percentage mutagenicity in 

four Salmonella histidine mutant tester strains in presence (+S9) and absence (-S9) of metabolic activation.        
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system with Ames test. 37.5% of the extracts showed more than 40% clastogenicity in 

stimulated lymphocytes, 25% of the extracts showed less than 40% clastogenicity whereas 

unlike Ames test 25% of the extracts (SI-SC and SI-SV) showed very low clastogenicity only 

at highest concentrations whereas 12.5% (SI-SA) extracts showed no clastogenic properties. 

At highest non-cytotoxic dose, the extracts of strains SI-SN, SI-SM and SI-ST showed 29.04 

to 38.86% reduction in mitotic index indicating their ability to halt mitosis probably by 

blocking G1-phase as comparatively lesser percentage of cells with chromosomal anomalies 

were able to continue progression in the cell cycle. This showed that these extracts might be 

inducing a decrease in cell viability partially if not entirely through apoptosis. This is because 

cell arrested in G1-phase usually evolve toward differentiation which is a signature 

mechanism of apoptosis and is a preferable treatment for cancer (Riva et al., 2014). This 

suggestion could be supported by the fact that the extract of strain SI-SN showed compounds 

which were able to produce apoptotic bodies in breast cancer cell-lines (discussed in chapter 

6 Figure 6.14). Overall the extracts showed high frequency of chromosomal aberrations with 

lower mitotic index which is suggested to be due to direct genotoxic and apoptotic effects on 

the host genome (Akbas et al., 2012). Conversely strains SI-SF and SI-SK-SK showed very 

high frequency of chromosomal aberrations with no significant decrease in mitotic index 

making them highly mutagenic towards mammalian genome. When the extracts were 

examined for their mechanism for causing toxicity, it was observed that the genotoxicity was 

directly proportional to the production of 8-OHdG marker which is the most commonly 

produced DNA lesion due to oxidative stress. This showed that the cyanobacterial extracts 

exert genotoxicity partially if not entirely through oxidative stress (Figure 11.11). On the 

basis of their toxicity, the strains were classified with multivariate cluster analysis (Figure 

11.12). The 8 strains were grouped into three clusters where cluster one consisted of strain 

SI-SF which showed 48.41% similarity with other strains. Cluster 2 consisted of strain SI-SV 

which showed 80.2% similarity with strains. Cluster 3 was sub-divided into two sub-clusters. 

Sub-cluster I consisted of strains SI-ST and SI-SK which shared 92.25% similarity whereas 

strain SI-SK shared 94.17% similarity with strains SI-SM and SI-SN. The highest similarity 

of 95.45% was shared by SI-SM and SI-SN. Sub-cluster II clustered strains SI-SA and SI-SC 

together which shared similarity of 94.22%. Interestingly, strain SI-SA, which was isolated 

from the same environment and identified to be the same genera as strain SI-SF was observed 
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Figure 11.11:   Percentage genotoxic, clastogenic and oxidative stress induction activities of AMC extracts of 8 isolated cyanobacterial strains at 

highest non-cytotoxic concentrations. 

 

 

A.      B. 

Figure 11.12:   Multivariate hierarchical cluster analysis of cyanobacterial strains on the basis of their toxicity profiles. Dendrogram of 

complete linkage and correlation coefficient distance between 8 cyanobacterial strains based on their biotoxic, cytotoxic, embryotoxic, 

teratogenic, mutagenic, genotoxic, clastogenic and oxidative stress induction profiles. (B). PCA-correlation score plot of 8 cyanobacterial 

strains
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to be non-toxic and non-mutagenic unlike strain SI-SF which showed high mutagenicity and 

toxicity in both prokaryotic and eukaryotic cells. This probably shows that the toxicity of 

cyanobacteria is strain-specific rather than genera or species specific and apparently it can be 

deduced from the observations that isolation source did not seemed to play a role in the toxic 

properties of the strains. 

The AMC extracts of isolated strains have indeed shown pharmaceutically relevant 

bioactivities however the potent nutraceutical bioactivities of aqueous should not be 

overlooked as the aqueous extracts have also shown the presence of phycobiliproteins with 

potent chemopreventive and nutraceutical health promoting properties (Yaakob et al., 2014). 

Certain chemotherapeutic drugs like anthracyclins induce oxidative stress in non-targeted 

tissues and thereby lead to normal tissue injury (Carvalho et al., 2009). Phycobiliproteins are 

the high-value products that have shown in vitro and in vivo to have chemopreventive and 

DNA protection properties from oxidative stress however their antigenotoxicity and 

chemopreventive activities have been reported scarcely especially in case of CPE. Thus to 

evaluate the chemopreventive and DNA protection activities from the harmful effects of free 

radicals and antineoplastic drugs like DOX, phycobiliproteins CPC and CPE were extracted 

and purified from two selected strains: SI-SA and SI-SN respectively. The proteins were 

optimized for enhance production and complete extraction from the biomasses. Strain SI-SA 

and SI-SN were selected on the basis that they produced CPC and CPE in largest quantities 

among all the isolated strains whereas CPE was only present in large quantities in strain SI-

SN. After optimization, the proteins gave interesting patterns of optimization parameters. 

CPC proteins grew well at 30ºC with pH 7.5 under continuous illumination of low intensity 

red light whereas CPE protein was produced in high quantities at 25ºC with pH of 8.0 under 

continuous illumination of low intensity white light. The proteins were extracted in high 

quantities in Tris-buffer which were then firstly partially purified with single-step ammonium 

sulfate precipitation and then with anion exchange chromatography. The proteins were 

purified up to purity ratios of 4.89 and 4.69 with concentrations of 29.4 and 10.56 mg/g 

respectively. Electrophoretic and spectral analysis characterized them to have two subunits of 

19 and 16 and 17 and 15 kDa in case of CPC and CPE respectively. Both proteins showed 

characteristic patterns of phycobiliproteins with FTIR and characterized to have β-sheets as 

their dominant secondary protein structures. The proteins showed stability at 4ºC for at least a 
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month. Bioactively, the proteins proved to be highly potent antioxidants with non-toxic 

activities towards normal cultured lymphocytes.  

CPC and CPE showed efficient protection of plasmid DNA from very reactive free hydroxyl 

radicals produced by Fenton’s reaction, a mechanism that mimics an actual in vivo scenario, 

without causing any pro-oxidant effects unlike reference compound vitamin-C. Furthermore, 

they also showed chemoprevention of human DNA from oxidative stress produced by DOX 

in a dose dependent manner when pre and simultaneous-treatments were applied, whereas 

CPC also showed significant reduction in DNA damage when post-treatment was applied. In 

case of pre- and simultaneous treatment with CPC and CPE more than 90% DNA damage 

induced by DOX was ameliorated. Conversely, with post treatment only CPC showed 

significant more than 50% reduction in DNA damage whereas CPE did not show any 

significant decrease. Purified CPC and CPE also showed potent anti-clastogenic activities by 

ameliorating chromosomal aberrations induced by DOX. In case of pre- and simultaneous 

more than 70% of chromosomal aberrations were ameliorated by both CPC and CPE at 

highest dose of 50 µg ml-1 however in post-treatment with DOX only CPC ameliorated 

damage up to 39.08%. Furthermore, these purified proteins also normalized the DNA damage 

marker 8-OHdG more than 90 and 85% in case of pre- and simultaneous treatments whereas 

with post-treatment only CPC normalized this marker up to 78.2%. So this proved that 

purified CPC and CPE can protect DNA from harmful effects of DOX while CPC can also 

exert repairing of DNA after its damage unlike CPE which only protected the DNA from free 

radicals generated in its presence. These results thus showed high chemopreventive and anti-

genotoxic potential of CPC and CPE through their antioxidant activities. 

On the other hand, the AMC extracts of 8 cyanobacterial strains also showed significant 

genotoxicity. 

The amazing bioactive and toxic activities shown by the isolated strains would naturally 

compel one to investigate further into their metabolomes and see what kind of compounds 

were responsible for these activities. As the study of metabolomics is very difficult and time-

consuming only selected strains with unusual feats were selected for non-targeted GC-MS 

fingerprinting in search for bioactive low-molecular weight metabolites. These strains 

included: Oscillatoria sp. SI-SF, Chroococcidiopsis thermalis SI-ST, Leptolyngbya sp. SI-

SM and Nostoc sp. SI-SN. Of course not one technique can cover the whole metabolome 
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however GC-MS has shown in reported literature to give accurate and reproducible results as 

compared with LC-MS (Vogeser and Seger, 2010). After tedious rounds of chromatographic 

procedures and multivariate analysis, the bioactive small molecules were identified with 

various metabolites databases which included: NIST and GOLM along with chemical 

databases: PUBCHEM, CHEMSPIDER, ChemIDPlus, TOXNET and PUBMED for the 

evaluation of bioactive and toxicity status of the strains. The metabolomes of the four strains 

obtained from GC-MS analysis revealed 63 most prominent toxic and pharmaceutically 

important bioactive compounds classified as; biotoxins, cytotoxins, embryotoxins, teratogens, 

mutagens, anticancer, genotoxic, antimicrobials, antioxidants, allelochemicals, 

antipsychotic/antigrazers and oxidative stress inducers given in Figure 11.13. Out of these 

compounds, strain SI-SN produce highest 23% of antimicrobials followed by anticancer 16%, 

cytotoxins 15% and antioxidants 12%. Strain SI-SM produced highest 20% of antimicrobials, 

15% of biotoxins, 14% of cytotoxins and 12% of anticancer compounds. Strain SI-ST 

showed highest 17% of cytotoxins, 15% of antimicrobials, 11% of genotoxins and 10% each 

of biotoxins and anticancer compounds. Strain SI-SF showed highest 14% of antimicrobials 

followed by 12% each of cytotoxins, teratogenic and antioxidant compounds and 11% of 

genotoxins. When the strains were compared on the basis of their toxic and bioactive profiles, 

it was observed that strain SI-SF showed more mutagenic, teratogenic and genotoxic 

behavior and thus was classified a very mutagenic strain. Strains SI-SN had more inclination 

towards antimicrobial, cytotoxic and anticancer properties. Strain SI-SM showed more 

inclination towards antimicrobial, biotoxic and cytotoxic properties whereas strain SI-ST 

showed more genotoxic, cytotoxic and antimicrobial behavior. Overall from a 

biotechnological point of view, strain SI-SN, SI-SM and SI-ST were classified to be highly 

productive bioresources for the production of pharmaceutically important bioactive 

compounds whereas strain SI-SF and SI-SK showed properties that can arouse ecological 

concerns whereas strains SI-SA, SI-SV and SI-SC showed potential to be used for 

nutraceutical purposes due to their low to non-toxic properties and production of high 

amounts of high-value products like; phenolics, PBPs, carotenoids, flavonoids etc.   
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B.    C.  

D.  

Figure 11.13:   Percentage amount of toxic and pharmaceutically important bioactive 

metabolites identified in AMC extracts by GC-MS. (A). Metabolites detected in strain SI-SN. (B). 

Metabolites detected in strain SI-SM. (A). Metabolites detected in strain SI-ST. (D). Metabolites 

detected in strain SI-SF. 
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CONCLUSION AND FUTURE PERCPECTIVES 

The current study explored both beneficial and harmful aspects of isolated indigenous strains 

of cyanobacteria in order to explore and understand their ability to produce different types of 

metabolites under optimized conditions. The strains showed both nutraceutically and 

pharmaceutically important bioactive compounds along with certain compounds that can 

cause ecological and health concerns. On the basis of their bioactivity and toxicity status the 

strains were classified into three classes. First class consisted of strains SI-SA, SI-SC and SI-

SV which showed very low to no toxicity but higher nutraceutically important compounds 

like phenolics, flavonoids, phycobiliproteins and carotenoids. Class two consisted of strains 

SI-SN, SI-SM and SI-ST which showed more pharmaceutically important compounds with 

antimicrobial, anticancer as well as antioxidant activities whereas class three consisted of 

strains SI-SF and SI-SK which did not show bioactivities deem impressive for 

pharmaceutical interests but they showed very high and unusual mutagenic and teratogenic 

properties against prokaryotes, crustaceans, birds as well as against mammalian cellular 

systems. Although none of the strains proved to be fit for human and animal consumption 

however they still hold potential as highly bioactive and productive strains to be used as a 

raw bioresource in various biotechnological fields. Due to the scope of the thesis, some 

interesting aspects of the current study were left for future perspectives which included: 

 Isolation, purification and characterization of anticancer compounds from Nostoc 

sp. SI-SN. 

 Isolation, purification and characterization of antimicrobial compounds from strains 

SI-SM, SI-SN and SI-ST. 

 In vivo and clinical studies of chemopreventive properties of purified CPC and CPE. 

 Photodynamic activity of purified CPC and CPE. 

 Genetic engineering of strain SI-ST for enhanced production of bioethanol. 
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ANNEXURE I 

Chromatograms of 16S rRNA partial gene sequences of Cyanobacterial Strains.  

 
A. 16S rRNA gene sequence of Oscillatoria sp. SI-SA acquired from forward primer CYA359F. 

 

B. Reverse complimentary sequence of Oscillatoria sp. SI-SA acquired from reverse primer CYA781R (a). 
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A. 16S rRNA gene sequence of Oscillatoria sp. SI-SF acquired from forward primer CYA359F. 

 

 

B. Reverse complimentary sequence of Oscillatoria sp. SI-SF acquired from reverse primer CYA781R (a). 
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A. 16S rRNA gene sequence of Leptolyngbya sp. SI-SM acquired from forward primer CYA359F. 

 

 

B. Reverse complimentary sequence of Leptolyngbya sp. SI-SM acquired from reverse primer CYA781R (a). 

 



ANNEXURE I 

A. 16S rRNA gene sequence of Phormidium sp. SI-SC acquired from forward primer CYA359F. 

 

 

B. Reverse complimentary sequence of Phormidium sp. SI-SC acquired from reverse primer CYA781R (a). 

 



ANNEXURE I 

A. 16S rRNA gene sequence of Nostoc sp. SI-SN acquired from forward primer CYA359F. 

 

 

B. Reverse complimentary sequence of Nostoc sp. SI-SN acquired from reverse primer CYA781R (a). 
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A. 16S rRNA gene sequence of Calothrix sp. SI-SV acquired from forward primer CYA359F. 

 
 

B. Reverse complimentary sequence of Calothrix sp. SI-SV acquired from reverse primer CYA781R (a). 
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A. 16S rRNA gene sequence of Chroococcidiopsis thermalis SI-ST acquired from forward primer CYA359F. 

 

 

C. Reverse complimentary sequence of Chroococcidiopsis thermalis SI-ST acquired from reverse primer CYA781R (a). 
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A. 16S rRNA gene sequence of Oscillatoria sp. SI-SK acquired from universal bacterial forward primer 518F. 

 

 

B. Reverse complimentary sequence of Oscillatoria sp. SI-SK acquired from universal bacterial reverse primer 800R. 



ANNEXURE I 

16S rRNA gene Partial sequences of the Cyanobacterial Isolates  

submitted to GenBank NCBI. 

 

>gi|662489476|gb|KJ755069.1| Oscillatoria sp. SI-SA 16S ribosomal RNA gene,  

partial sequence 

1 agaccgcgtg agggaaggag gctcttgggt tgtaaacctc ttttctctgg gaagaagatc 

61 tgacggtacc agaggaatca gcatcggcta actccgtgcc agcagccgcg gtaatacgga 

121 ggatgcaagc gttatccgga attattgggc gtaaagcgtc cgtaggtggc aattcaagtc 

181 tgccgttaaa accagtggct taactactga ggggcggtgg aaactgaata gctagagtgt 

241 ggtaggggta gagggaattc ccagtgtagc ggtgaaatgc gtagagattg ggaagaacac 

301 cggtggcgaa agcgctctgc tggaccacaa ctgacactca ctggacgaaa gctacgggag 

361 cgaaagggat taaatacccc tgtagtc 

 

 

>gi|662489477|gb|KJ755070.1| Oscillatoria sp. SI-SF 16S ribosomal RNA gene,  

partial sequence 

1 agaccgcgtg agggaggaag gctcttgggt tgtaaacctc ttttctctgg gaagaagatc 

61 tgacggtacc agaggaatca gcatcggcta actccgtgcc agcagccgcg gtaatacgga 

121 ggatgcaagc gttatccgga attattgggc gtaaagcgtc cgtaggtggc aattcaagtc 

181 tgccgttaaa accagtggct taaccactga caggcggtgg aaactgaata gctagagtgt 

241 ggtaggggca gagggaattc ccagtgtagc ggtgaaatgc gtagagattg ggaagaacac 

301 cggtggcgaa agcgctctgc tggaccacaa ctgacactca caggacgaaa gctaggggag 

361 cgaaagggat tagatacccc tgtagtcttg  

 

>gi|658311731|gb|KJ690262.1| Oscillatoria sp. SI-SK 16S ribosomal RNA gene,  

partial sequence 

1 gcggtctgct tacacatgca agtcgaacgg ctattcggta gttagggcgg acgggtgagt 

61 aacgcgctga gaatctagct tcagaatggg gacaacagag ggaaaccgct gctaataccc 

121 gatgtgccga gaggtgaaag atttatcgtc tgaagatgag ctcgcgtccg attagctagt 

181 tggtagggta aaagcctacc aaggcgacga tcggtagctg gtctgagagg atgaccagcc 

241 acactgggac tgagacacgg cccagactcc tacgggaggc agcagtgggg aattttccgc 

301 aatgggcgaa agcctgacgg agcaagaccg cgtgagggag gaaggctctt gggttgtaaa 

361 cctcttttct ctgggaagaa gatctgacgg taccagagga atcagcatcg gctaactccg 

421 tgccagccac cgcggtaata cggaggatgc cagcgttatc tggaattatt gggcgtaaag 

481 cgtccgtagg tggccgctct agtcagccgg taaaatccct agcttaacca ttgacaggcg 

541 gtggaaactg aatagctaga gtgtggtagg ggtagaggga attcccagtg tagcggtgaa 

601 atgcgtagag attgggaaga acaccggtgg cgaaagcgct ctgctggacc acaactgaca 

661 ctcacaggac gaaag 
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>gi|662489471|gb|KJ755064.1| Leptolyngbya sp. SI-SM 16S ribosomal RNA gene,  

partial sequence 

 

1 cggagcaata ccgcgtgagg gaggaaggcc ttagggttgt aaacctcttt tctctgggaa 

61 gaagaactga cggtaccaga ggaataagcc tcggctaact ccgtgccagc agccgcggta 

121 agacggagga ggcaagcgtt atccggaatt attgggcgta aagcgtccgc aggcggtcat 

181 ttaagtctgt tgtcaaaggt cacagctcaa ctgtggatcg gcaatggaaa ctgggtgact 

241 tgagtgtggt aggggtagag ggaattcccg gtgtagcggt gaaatgcgta gatatcggga 

301 agaacaccag tggcgaaggc gctctactgg gccacaactg acgctgaggg acgaaagcta 

361 ggggagcgaa agggattaga tacccctgta gtc 

 

 

>gi|662489472|gb|KJ755065.1| Phormidium sp. SI-SC 16S ribosomal RNA gene,  

partial sequence 

 

1 agaccgcgtg ggtaatgaag gctcttgggt tgtaaacccc ttttctcagg gaagaagttc 

61 tgacggtacc tgaggaataa gcatcggcta actccgtgcc agcagccgcg gtaagacgga 

121 ggatgcaagc gttatccgga attattgggc gtaaagcgtt cgtaggtggc tgttcaagtc 

181 tgccgttaaa gaccggggct taactccgga aaaactgtgg aaactgaaca gctagagtat 

241 ggtaggggta aggggaattc ccggtgtagc ggtgaaatgc gtagatatcg ggaagaacac 

301 cggtggcgaa ggcgccttac tgggccataa ctgacactga gggacgaaag ctaggggagc 

361 gagagggatt aaatacccct gtagtc 

 

 

>gi|662489470|gb|KJ755063.1| Nostoc sp. SI-SN 16S ribosomal RNA gene,  

partial sequence 

 

1 ataccgcgtg agggaggaag gctcttgggt tgtaaacctc ttttctcaag gaataagaac 

61 tgaaggtact tgaggaataa gcatcggcta actccgtgcc agcagccgcg gtaatacgga 

121 ggatgcaagc gttatccgga atgattgggc gtaaagggtc cgcaggtggc actgaaagtc 

181 tgctgttaaa gagtgaggct caactagata aaagcagtgg aaactacaaa gctagagtgc 

241 gttcggggta gcaggaattc ctggtgtagc ggtgaaatgc gtagagatca ggaagaacac 

301 cggtggcgaa agcgtgctac taggccgtaa ctgacactga gggacgaaag ctaggggagc 

361 gaatgggatt agatacccca gtagtcc 
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gi|662489469|gb|KJ755062.1| Calothrix sp. SI-SV 16S ribosomal RNA gene,  

partial sequence 

 

1 ataccgcgtg agggaggaag gctcttgggt cgtaaacctc ttttctcagg gaagaaaaaa 

61 atgacggtac ctgaggaata agcatcggct aactccgtgc cagcagccgc ggtaatacgg 

121 aggatgcaag cgttatccgg aatgattggg cgtaaagcgt ccgcaggtgg ctgtgtaagt 

181 ctgctgttaa agaatgaggc tcaacctcat cagagcagtg gaaactacac ggctagagtg 

241 cgttcggggc agagggaatt cctggtgtag cggtgaaatg cgtagagatc aggaagaaca 

301 ccggtggcga aagcgctctg ctaggccgca actgacactg agggacgaaa gctaggggag 

361 cgaaagggat tagatacccc 

 

g>gi|662489473|gb|KJ755066.1| Chroococcidiopsis thermalis SI-ST 16S ribosomal RNA 

gene, partial sequence 

1 gcgtgaggga ggaaggctct tgggtcgtaa acctcttttc tcagggaaga agcaatgacg 

61 gtacctgagg aatcagcatc ggctaactcc gtgccagcag ccgcggtaat acggaggatg 

121 caagcgttat ccggaatgat tgggcgtaaa gcgtccgcag gtggcacatc aagtctgctg 

181 tcaaagcccc cagcttaact gggaagaggc ggtggaaact ggtgagctag agagcaatag 

241 gggtagaggg aattcccggt gtagcggtga aatgcgtaga gatcgggaag aacaccagtg 

301 gcgaaagcgc tctactaggt tgcaactgac actgagggac gaaagctagg ggagcgaatg 

361 ggattagata ccccagtagt c 
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RP-HPLC (UV/VIS) Chromatograms. 

 

Standard Phenolic Compounds 

Peaks: 1-Resorcinol, 2-Syringic acid, 3-Salicylic acid, 4-Ferulic acid, 5-Acetyl Salicylic acid, 6- 

4-Tert-Butylphenol, 7-Vanillic acid, 8-Benzoic acid. 

 

Peaks: 1-Protocatechuic acid, 2-Gallic acid, 3-Tannic acid, 4-Phloroglucinol, 5-Rutin, 6-Orcinol,  

7-Caffeic acid, 8-Vanillin. 
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Cyanobacterial Crude Phenolic Extracts 

 

Phenolic Profile of Oscillatoria sp. SI-SA crude Phenolic extract. 

 
Phenolic Profile of Oscillatoria sp. SI-SF crude Phenolic extract. 

 

 
Phenolic Profile of Chroococcidiopsis thermalis SI-ST crude Phenolic extract. 
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Phenolic Profile of Leptolyngbya sp. SI-SM crude Phenolic extract. 

 

 

 
Phenolic Profile of Calothrix sp. SI-SV crude Phenolic extract. 

 

 

 
Phenolic Profile of Nostoc sp. SI-SN crude Phenolic extract. 
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Phenolic Profile of Oscillatoria sp. SI-SK crude Phenolic extract. 

 

 

 
Phenolic Profile of Phormidium sp. SI-SC crude Phenolic extract. 
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GC-MS Chromatograms 

Initial AMDIS window of polar fraction of AMC extract of Oscillatoria sp. SI-SF showing the chromatogram total ion count (TIC). 

 

AMDIS window of non-polar fraction of AMC extract of Oscillatoria sp. SI-SF showing the chromatogram total ion count (TIC). 
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Initial AMDIS window of polar fraction of AMC extract of Chroococcidiopsis thermalis sp. SI-ST showing the chromatogram total ion  

count (TIC)  

 

Initial AMDIS window of non-polar fraction of AMC extract of Chroococcidiopsis thermalis sp. SI-ST showing the chromatogram total ion 

count (TIC). 
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Initial AMDIS window of polar fraction of AMC extract of Leptolyngbya sp. SI-SM showing the chromatogram total ion count (TIC). 

 

Initial AMDIS window of non-polar fraction of AMC extract of Leptolyngbya sp. SI-SM showing the chromatogram total ion count (TIC). 
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Initial AMDIS window of polar fraction of AMC extract of Nostoc sp. SI-SN showing the chromatogram total ion count (TIC). 

 
 

Initial AMDIS window of non-polar fraction of AMC extract of Nostoc sp. SI-SN showing the chromatogram total ion count (TIC). 
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