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Abstract 
 

      Living organisms are equipped with sophisticated mechanisms to minimize the hazards and 

threats offered by the nature and maximize their survival potential against strain imposed by 

environmental forces. Growing concern about the frequent use of analogous antibiotics leading to 

resistant pathogens and their harmful impacts on crop yield worldwide has fuelled an explosion in 

the field of plant defense response by coupling biotechnology to the medicinal plants. Increasing 

knowledge of the mechanisms underlying plant defense response has also encouraged the idea that 

sensitizing a plant towards microbial elicitors increases plant resistance to the potential pathogens. 

Considering the same thought of knowledge, this study was entailed to examine the bioactive 

potential of Silybum marianum under control and fungal stress. Peptide based multidimensional 

studied of the plant with reference to antimicrobial, antioxidant, antitumor, cytotoxic and mutagenic 

potential were undertaken. A time course study of the extracts prepared under fungal stress strongly 

revealed the increased accumulation of proteins/peptides upto 8 hours post inoculation with a drop 

in the expression level at subsequent hours. Encouraging results regarding antibacterial potential 

towards gram negative species and highly significant antifungal potential were also observed. In 

addition to antimicrobial potential, plant also showed beneficial traits as antitumor and non-

mutagenic against Agrobacterium tumefaciens and human cell lines respectively. As far as 

antioxidant and cytotoxic potential is concerned, all the extracts had excellent antioxidant capacity 

whereas among all, 8 h control and its treated time points showed slight cytotoxicity. Rewarding 

bioactive potential of Silybum marianum eventually led to the identification of peptides involved 

in cellular metabolism, plant growth and development, signal transduction and exclusively to the 

peptides involved in defense response. Antimicrobial gene isolation with subsequent cloning and 

heterologous expression has proved substantial pharmaceutical importance of the plant which may 

open novel avenues for biotechnological applications in agriculture.    
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Chapter 1 

Introduction 
              

 Intangible growth factors and suboptimal environmental conditions prevent plants to 

attain their full genetic potential for growth and development, thus creating damaging 

physiological changes and important crop losses leading to major social and economical 

consequences (Yang et al., 1997; Barkhuizen, 2012). Persistant challenge of plants to living 

disturbances including bacteria, fungi or viruses on natural substrate and lack of mobile 

defender cells, survival of the plant largely depends upon the mechanism of microbial 

resistance (Atkinson and Erwin, 2012; Terra et al., 1992). To cope with environmental 

stresses and minimize the effect of such microbial elicitors, biotic attack is protected in plants 

by activation of constitutive and inducible mechanisms including transcription of defense 

related genes (Odjakova and Hadjiivanova, 2001), production of antimicrobial secondary 

metabolites and the activation of oxidative burst (Stotz et al., 2009; Ryals et al., 1996) to 

minimize disease susceptibility.  

 Although pesticides and insecticides have reduced the rate of disease susceptibility, 

continuous application of such chemicals have negative impacts on human health as well as 

destruction of ecosystem and results in new strains of pathogens that are more resistant and 

difficult to control (Khalil et al., 2005). Pathogens have evolved new strategies to limit the 

intracellular concentrations of antimicrobial agents by decreased influx or increased eflux or 

neutralization of antimicrobial agents by enzymes that inactivate the drug (Kaye et al., 2004). 

Thus, use of chemical fungicides and pesticides has also resulted in an urgent demand for 

more environmentally friendly generations of antibiotics and even organically grown food 

crops. A conventional approach for development of resistant crop species with similar or 

enhanced nutritional value strongly necessitates the screening of medicinal plants.  

Medicinal plants are being highly used against parasitic as well as microbial 

infections and different parts of several medicinal plants are also used to cure specific 

ailments from ancient times (Haider et al., 2001).  
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 A wide variety of bioactive compounds (resins/phenolics/peptides) are produced by 

plants either in a constitutive manner or upon the perception of appropriate defense-related 

signal molecules (Asiegbu et al., 2003). 

 One of the widespread defense-related microbial signals involves activation of set of 

genes encoding different bioactive peptides/proteins with antimicrobial effect. Genes 

involved in membrane encoding proteins, transcription factors and signal transduction are in 

small amounts encoding small protein fragments named as bioactive peptides with the ability 

to impart biological effect. Physiological responses exerted by bioactive peptides include 

antioxidant, antimicrobial, antihypertensive effects with potential roles in inflammatory 

responses using minimal input of energy and biomass (Broekaert et al., 1995; Danquah and 

Agyei, 2012).  

 Though less active than commercial drugs, naturally occurring bioactive peptides are 

considered as attractive substitute and are believed to be mitigating side effects of synthetic 

drugs (Shah et al., 2011).  Peptide based therapeutics are effective for medical disorders 

including cancers and tumors. High death rate associated with cancer due to genetic 

alterations usually involves the activation of oncogenes and inactivation of tumor suppressor 

genes (Han et al., 1998) and serious side effects of chemotherapy, many cancer patients seek 

alternative methods of treatment (Somkumar, 2003; Pandey et al., 2006). Researchers are 

therefore, investigating latest strategies based on traditional medicines and herbs in several 

parts of the world to analyze their potential as therapeutic agents. An important aspect of the 

strategies designed is to engineer increased resistance of plants to microbial pathogens and 

isolation of their defensin genes and peptides. More than 80 defensin gene sequences and 

cysteine-rich peptide encoding genes along with 371 plant defensins expressed constitutively 

during normal plant growth and development or in response to pathogen attack have also 

been characterized in different plants including pea, tobacco and Arabidopsis (Barkhuizen, 

2012. Thomma et al., 2001, 2002). Furthermore, they have a role not only in protection 

against phytopathogens but also against human pathogens as well and are nontoxic to both 

mammalian and plant cells (Thevissen et al., 1999; Stotz et al., 2009).  

 Fusarium solani, a phytopathogenic fungi is ubiquitous in soil and is economically 

important as pathogen on most agriculturally important crops (Zhang et al., 2011; Arif et al., 

2012). It is responsible for huge crop losses by production of mycotoxins that are detrimental 
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to human and animal health as well. Although plants have their own natural defense system 

against invading pathogens, natural resistance is not enough, therefore alternatives must be 

found for the protection of plants from fungal pathogens (Peschen et al., 2004). One 

perspective of enhancement of their own defense system is the induction of plant with some 

pathogen and characterize its response.    

 Rapid advances in molecular biology have provided a new strategy based on 

medicinal plants for enhancement of bioactive molecules and improvement of disease 

resistance through cellular and molecular tools to improve our environment and health (Khan 

et al., 2009). Fusarium solani in this respect has been studied to be effectively eliciting some 

of the resistant responses to plants including pea and Arabidopsis thaliana. It has also been 

reported to be an activator of hydrolytic enzymes and chitinases along with expression of 

disease resistant response genes and their encoding proteins/peptides (Chiang and Hadwiger, 

1990). Fusarium species has the ability to initiate a host defense response for analysis of 

level of up or down regulation of bioactive peptides followed by isolation of inducible genes 

and their corresponding proteins with antimicrobial activity to improve resistance of plants 

against pathogenic strains. This will further reduce dependence on chemical pesticides (Stotz 

et al., 2009; Liao et al., 2013). 

 Silybum marianum is a Mediterranean native plant belonging to the Asteraceae family 

with the nomenclature as Milk thistle and widespread in Mediteranean climate, South 

American countries and abundantly available in Punjab areas of Pakistan (Shah et al., 2011) 

Plant is characterized by thorny branches, a milky sap, oval leaves, bright pink flowers and is 

recognized for its active constituents against anorexia, cancer, diabetes, acute and chronic 

liver diseases with antioxidant and cytotoxic activity. Silymarin is also the constituent of 

commercial medicine Legalon-70 and Dura-silymarin for the treatment of liver diseases. 

(Rady et al., 2013). It was therefore, selected to study the bioactive potential of the plant 

along with isolation of antimicrobial genes. 

 Keeping in view the medicinal importance of the plant and its wide distribution in 

Pakistan, an attempt was made on differential protein expression analysis of S. marianum 

under stress by Fusarium species for analysis of up and down levels of bioactive peptides 

followed by isolation of inducible genes and their corresponding proteins. The study of 
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differential expression of the bioactive proteins will help to evaluate the mechanism of 

defense action against emerging pathogens. 

Objectives 

1. Evaluation of bioactive potential of differentially expressed proteins from Silybum 

marianum under fungus stress   

2. Isolation of putative defensin like genes from the plant.  
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Chapter 2 

Review of literature 
  

 Frequent use of analogous antibiotics and expensive target-specific drugs has 

produced a plethora of antibiotic resistant microbes and has stimulated the trade demand of 

natural and cheaper healthcare products by increasing positive legal and economic interest 

(Debnath et al., 2006). Consequently, an urgent need of diverse, highly specific, more potent 

and unconventional therapies based on peptide antibiotics by healthcare professionals and 

pharmaceutical industries is on rise (Rehman and Khanum, 2011).  

2.1. Natural products as therapeutic alternatives 

 The plant’s secondary products owing to their safety, efficiency and properties, meet 

primary healthcare needs of 70-80% rural community (Khan et al., 2009). They may exert 

their action by resembling endogenous metabolites, ligands, hormones, signal transduction 

molecules or neurotransmitters thus have been a source for sustaining human health. National 

Flora of Pakistan has unique biodiversity, highly fascinating climate and diverse soil 

conditions also very rich in medicinally important plants (Akhtar et al., 2013; Parvaiz et al., 

2013). According to general survey of Pakistan, about six thousand species of flowering 

plants are found and more than 10% are medicinally important.  In this context new plant 

sources for herbal remedies are unearthed to satisfy the current productivity crisis being 

faced by scientific community (Newman and Cragg, 2007). 

 In view of the fact that natural products represent an attractive pool for discovery of 

novel bioactive compounds, plants encompass a high diversity of structural motifs and as a 

result of natural selection, are often evolutionarily optimized to bind to diverse biomolecules, 

thereby serve a variety of functions (Wenzig  et al., 2014). These products have fuelled an 

explosion by coupling information technology with medicinal plants and are gathered by 

scientists for drug discovery and by therapeutic market to create health aid so that world’s 

deadliest diseases can be cured (Debnath et al., 2006). Production, consumption and 

international trade of Plant-based products including pharmaceuticals, fragrances, flavors and 
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bioactive peptides and proteins are the mediators of biological functions. Due to their 

efficacy, selectivity, specificity and low toxicity, these are the attractive candidates for 

therapeutic and diagnostic purposes (Lico et al., 2012).     

2.2. Bioactive peptides 

 Every living cell is equipped with biochemical machinery required for the production, 

secretion and posttranslational modification of peptides. Protein fragments synthesized in 

cells are then cleaved and modified to give active products in the form of bioactive peptides. 

Bioactive peptides are molecules with multifunctional properties isolated from different 

sources and act as signaling molecules in physiological functions and in pathogen responses. 

So, they are most attractive candidates as pharmaceutical products in health promoting 

properties (Danquah and Agyei, 2012). 

 Low molecular weight peptides with regulatory functions from plant or animal origin 

are more bioavailable and are less allergenic as compared to native proteins or free amino 

acids. Due to the diverse physiological roles of the peptides, they are becoming more suitable 

candidates as therapeutic agents. Physiological responses induced by peptides are diverse 

depending upon the characteristics of amino acids (Hartmann and Meisel, 2007).  

 Bioactive peptides are the protein fragments with the ability to put a measurable 

effect and influences health by putting a positive impact on body conditions (Korhonen and 

Pihlanto, 2006). Some physiological responses produced by bioactive peptides include 

digestive, cardiovascular, nervous, musculoskeletal and immune systems. Thus a significant 

role is played by bioactive peptides in pharmaceutical industry because infectious agents can 

be killed from design template provided by these peptides and the similar physiological role 

produced by other small molecules in the form of targeted responses (Hancock and Lehrer, 

1998).    

 Bioactive peptides in addition to their broad spectrum activity, with ability to prevent 

ill health are in growing demand and interest by scientific community, pharmaceutical 

companies and also by the consumers or public. Inactive peptides activated upon enzymatic 

hydrolysis are multidimensional and are further classified into antimicrobial (Putra, 2013; 

Espitia et al., 2012), anticancer and antioxidants depending upon the nature and 

characteristics of amino acids. 
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2.2.1. Antimicrobial peptides 

 Antimicrobial peptides, despite their diversity, share stereogeometry of hydrophilic 

and hydrophobic facets due to their cationic and amphipathic nature which is the hallmark of 

these molecules and are ribosomally synthesized natural antibiotics (Maroti et al, 2011; 

Mulder et al., 2013). Antimicrobial peptides are small, cysteine-rich and positively charged 

ranging from 45 to 54 amino acids. Antimicrobial potential of plant peptides with rapid 

killing and broad spectrum of activity against Gram-positive and Gram-negative bacteria, 

fungi and viruses have been found to share common properties irrespective of their origin, 

structure and spectrum of activity. 

Table 2. 1. Antimicrobial peptides isolated from different plant species 

 
 

Name Source Activities References 

Defensins Nad 1 Nicotiana alata Antifungal Lay et al., (2003) 

 Rs-AFP Raphanus sativus Antifungal Terras et al., (1995) 

 PhD1 Petunia hybrid Antifungal Lay et al., (2003b) 

 PhD2 Petunia hybrid Antifungal Jenssen et al., (2006) 

 SD2 Helianthus annuus Antifungal Urdangaryn et al., 
(2000) 

 PDF 2.1 Arabidopsis 
Thaliana 

Protease inhibitor Thomma and Broekaert, 
(1998). 
 

 FST Nicotiana tabacum Antifungal Qing et al., (1992) 

Lipid transfer 
proteins 

Ace-AMP 1 Onion Antifungal Cammue et al., (1995) 

 IWF1/2 Beet Antifungal Nielsen et al., (1996) 

  Pearl millet seeds Antifungal Velazhahan et al., 
(2001) 

 EC-LTP Barnyard grass seeds Antifungal Rogozhin et al., (2009) 

 Ha-AP10 Sunflower seeds Antifungal Regente et al., (2003) 

 PpLTP1 Prunus persica  Alessandro et al., (2006) 

Hevein-type 
peptides 

Ca-AFP Capsicum annum Antifungal Lee et al., (2004) 
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 Antifungal potential against Botrytis cinerea was investigated in Kiwi fruits by Wang 

and Ng (2002). A single chain of 21 kDa was isolated that had suppressive effect on 

Sphearella arachidicola and Coprincus comatus  This protein was designated as Kiwi fruit 

thaumatin-like protein that inhibited HIV-reverse transcriptase but showed negative results 

for ribonuclease and cell free reticulocyte lysate system. Another family of antimicrobial 

peptide homologues was discovered by Asiegbu et al., (2003). It was the first protein to be 

characterized in conifer species and was termed Sp-AMP1 in Pinus sylvestris (Scots pine). It 

encoded a mature peptide of 79 amino acids and was identified from cDNA library of 

infected root tissue with root rot fungus Heterobasidion annosum.   

 A large number of antimicrobial peptides have been reported in plants including 

thionins, defensins and lipid-transfer proteins (Table 2.1) as well as from a variety of sources 

including mammals, insects, amphibians, and fishes (Izadpanab and Gallo, 2005). 

2.2.2. Plant defensin genes and their heterologous expression 

 Main group of positively charged antimicrobial peptides are “defensins” which are 

small basic Cys-Arg rich cationic peptides ranging from 29 to 54 amino acids that correspond 

to the differences in biological activities and are called cationic peptides (Lehrer et al., 1993). 

These peptides are not only active against plant pathogenic fungi but also against human 

pathogenic fungi such as Candida albicans (Carvalho and Gomes, 2009). Synthesis of plant 

defensins can be constitutive or it can be artificially induced by mechanical damage, thus 

protects the plant organs from soil born fungi by formation of a protective halo. Induced 

synthesis of plant defensins however is not restricted to artificial damage but can also be 

induced by environmental stimuli including microbial attack, environmental stress and plant 

hormones (Beer, 2008).  

 Plant defensins encoded by defensin genes belong to multigene family and have been 

found to be comprised of 3% of the genetic material of model organisms (Silverstein et al., 

2005; Silverstein et al., 2007). Based on specific mode of action, defensin genes are 

composed of two exons and one intron. First exon specifically encodes signal peptide with an 

interruption of an intron to the second exon to encode central defensin domain. (Carvalho 

and Gomes, 2009). Five different defensin genes identified in Arabidopsis thaliana named as 

PDF 1.1, 1.2, 2.1, 2.2 and 2.3 have shown organ specific expression pattern except PDF 1.2. 

Expression of this gene was reported to be inducible upon pathogen challenge whereas all 
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others were expressed constitutively. Inducible expression of plant defensin genes have also 

been identified in other plants including pea, tobacco and spruce (Stotz et al., 2009). 

 Constitiutive expression of five new defensin encoding genes named as PgD2-5 were 

identified from Picea glauca by Picart et al., (2012). Four genes showed sequence homology 

to the known Picea glauca defensin PgD1. PgD5 encodes for a plant defensin that displays 

non-morphogenic antifungal activity against the several phytopathogens. Meyer et al., 1996 

isolated a 454 bp cDNA encoding a novel fruit specific defensin from Capsicum annum. A 

polypeptide of 75 amino acids was deduced from the transcript indicating the presence of an 

N-terminal domain, a characteristic of signal peptide followed by another domain composed 

of eight cysteines residues forming four intramolecular disulfide bridges.    

 Intramolecular disulphide bridges are formed between COOH-terminal and NH2 

terminal regions of the peptides to form cyclic, triple-stranded, amphiphilic β-sheet forming 

defensin-like fold (Selsted and Harwig, 1989; Hill et al., 1991), a characteristic of all the 

defensins widely distributed throughout the plant and animal kingdoms.  

 Based on functional and structural homology among plant and human defensins, the 

plant system can be used to express the defensins leading to protection of vegetative tissues 

against pathogen attack. Heterologous expression of various genes into tobacco, tomato, rice 

and papaya has been well documented. Constitutive expression of chili defensin gene (cdef1) 

in transgenic tomato plants have resulted in increased resistance against Phytophthora 

infestans and Fusarium sp. Likewise, heterologous expression of DmAMP1 gene in papaya 

plant caused an increased resistance against Phytophthora palmivora. Thus constitutive and 

inducible expression of defensins genes along with their transgenic expression indicated the 

possibility of medical applications as a biocontrol agent and to treat human diseases as well 

(Stotz et al., 2009).  

2.2.2. Anticancer peptides 

 Bioactive peptides in addition to antimicrobial potential have also been reported to 

have beneficial traits as anticancer owing to their ability to potentially modulate metabolism 

and show regulatory activities without harming normal cells (Shahidi & Zhong, 2008). 

Cancer is a life threatening group of diseases characterized by abnormal and disregulated 

proliferation of normal cells and based on adverse side effects of chemotherapy, plants are 
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considered to be the rich source of bioactive peptides with anticancer potential due to their 

low molecular weight, simple structure and less toxicity (Ma et al., 2006). 

 Lunasin, a bioactive peptide isolated from Soybean could inhibit carcinogens in 

mammalian cells (Jeong et al., 2003). Similarly, defensin like peptides with anticancer 

activity have been isolated from leguminous plants including Yunnan bean and Pinto bean 

(Wang and Ng, 2007; Wong and NB, 2005). Seeds of Buckwheat have also been studied to 

be a source of 4kDa peptide with antiproliferative activity against different cancer types 

including breast cancer by Leung and Ng, 2007. Tryptophan rich Ginseng peptide has been 

found to have potent antitumor activity against mouse lymphoma cell line by Kim et al., 

(2003).  

2.2.3. Antioxidant peptides 

  Free radicals and reactive oxygen species generated in oxidative stress and 

biochemical reactions lead to oxidative cell damage and many diseases including 

hypertension, cancer and diabetes mellitus (Li et al., 2011). Although endogenous 

antioxidants can scavenge free radicals but they are insufficient to protect oxidative damage 

and maintain a balance by complete removal of reactive oxygen species (Zhou et al., 2012). 

Dietary antioxidants required to delay the process of oxidation have been prepared from 

different plant sources including soybean protein, rice endosperm protein (Zhang et al., 

2010), chickpea protein (Zhang et al., 2010; 2011s), sunflower protein (Ren et al., 2010) and 

Ginkgo biloba protein (Zhou et al., 2012). The proteins were found to be highly rich in 

hydrophobic amino acids to scavenge reactive oxygen species and free radicals.  

 Although bioactive peptides have diverse biological activities but mechanism of 

antimicrobial activity is the most studied among all. 

2.3. Mode of action of antimicrobial peptides 

 Antimicrobial peptides are widely distributed in nature and represent broad spectrum 

of antimicrobial activities (Hancock and Lehrer, 1998). Not only the nature of the peptide but 

also the characteristics of cell membrane, as well as the metabolic state of the target cells 

determine the diverse mechanisms of action of antimicrobial peptides.   

 Numerous studies indicate that many antimicrobial peptides act directly on the 

membrane of the target cell (Prenner and McElhaney, 1999). Upon interaction to microbial 

membrane, the net positive charge of antimicrobial peptides causes their preferential binding 
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to more than one negatively charged target on bacteria, thus specifying their selectivity 

(Hancock and Lehrer, 1998). Most antimicrobial peptides tested so far, regardless of their 

physicochemical properties including amino acid sequence, size, net charge, 

diastereomerism, L- or D-amino acid composition and structure are responsible for the 

disruption of pathogen’s membranes and kill bacteria in the micromolar range supporting a 

non-receptor mediated mechanism for their mode of action (Prenner and McElhaney, 1999).  

 The targets of the peptide is the lipid bilayer by increasing the rate of leakage of 

internal aqueous contents along with dissipation of electrical potential of the membrane. 

(Figure 2.1). Interaction of cationic peptides with anionic phospholipids is the basis of 

specificity for bacterial membranes (Jenssen et al., 2006). Upon interaction of cationic 

peptides to the anionic bacterial membranes, removal of native divalent cations (Mg2+, Ca2+) 

occurs which subsequently leads to the destabilization of outer membrane followed by entry 

and arrangement of peptides on the cytoplasmic membrane surface (Powers and Hancock 

2003). Pore formation occurs after initial attachment on membrane surface with subsequent 

membrane permeabilization. Cellular respiration is affected by pore formation thus interrupts 

electrochemical gradient (Bechinger and Lohner, 2006; Reddy and others 2004). Progressive 

recruitment of peptides on cell surface increased pore size. Increased flow of water and ions 

across the membrane leads to cell swelling followed by cell lysis which ultimately deprives 

the microorganism from their energy sources.  

 Peptides may either translocate through membrane without causing major 

disturbances in the cell membrane (Figure 2.2) (Park and others 1998; Patrzykat and others 

2002) but accumulates within the cells and disturb cellular processes including inhibition of 

nucleic acid and protein synthesis, by halting enzyme activity and cell wall synthesis thus 

leading to the cell death of organisms.   
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Figure 2.1. Action mechanism of bioactive peptides on bacterial membrane (Barrel stave 

model). (Adapted from Espitia et al., 2012).  

 

Figure.2.2. Alignment of bioactive peptides on bacterial membranes and their action 

mechanism. (carpet model) (Adapted from Espitia et al., 2012).  

  



13 
 

 Although uncertainty regarding correlation between the membrane permeabilization 

and antimicrobial activity of the peptides still persists. However, consensus regarding initial 

interaction between peptide and target cells have been found among researchers.   

2.4. Physiological and biochemical response of plants against stresses  

 Unfavorable environmental conditions create damaging physiological changes and 

are known as stresses. Cellular and molecular response systems to stress elicitors are 

implemented by the plants to cope with damaging environmental changes. Elicitors are the 

molecules that indicate the presence of the pathogens and involved in early signal 

transduction events were studied by Blumwald et al., 1998. After activating internal signal 

cascades they trigger early defense response in plants and downstream of this initial receptor 

recognition, activate a cascade of transduction pathways including generation of second 

messengers, modification in cytosolic and membrane bound enzymes and ion channels 

followed by initiation of protein phosphorylation cascade involved in regulation of 

transcription factors and stress-regulated genes (Figure. 2.3) (Skelton et al., 2000). Early 

defense responses of plants against pathogens involve either oxidative cell burst leading to 

cell death or inhibits the spread of disease by strengthening plant cell wall at infection sites.   

 

Figure 2.3. Defense response of plants against pathogen cells and the mechanism of stress 

resistance. Avr: Avirulent factor, Res: Resistance.  
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Table 2.2. Identified environmental stimuli able to induce plant defensin genes (Adapted 

from Beer, 2008). 

Simuli  

 

Defensin  Origin  Tissue  Reference  

Pathogen  DRR230a-c  

Rs-AFP3-4  

Pisum sativum 

Raphanus 

sativus 

Leaves  

Leaves  

(Lai et al., 

2002)  

(Terras et al., 

1992)  

Wounding  PgD1  Picea glauca,  Cell Culture  (Pervieux et 

al., 2004)  

Zn
+
 AhPDF1.1  Arabidopsis 

halleri  

Shoot  (Mirouze et 

al., 2006)  

Jasmonic acid  PDF1.2  Arabidopsis 

thaliana  

Leaves  (Thomma et 

al., 1998)  

Salicylic acid  CADEF1  Capsicum 

annum  

Leaves  (Mee Do et 

al., 2004)  

Abscisic acid  tgas118  Lycopersicon 

esculentum  

Flower  (Van et al., 

2001)  

Drought  CADEF1  Capsicum 

annum  

Fruit  (Mee Do et 

al., 2004)  

Cold  Tad1  Triticum 

aestivum  

Crown  (Koike et al., 

2002)  

  

 Protein phosphorylation and dephosphorylation involved in early signal transduction 

processes ultimately leads to the activation of plant defense genes and was studied by 

Despres et al. 1995 as in the elicitor induced activation of potato PR-10a genes (Yang et al., 

1997). A fungal elicitor Alternaria brassicicola induced in Arabidopsis altered expression of 

cellular housekeeping genes, cell wall synthesis genes and the genes involved in signal 

transduction (Schenk et al., 2003). Furthermore, other chemical responses including 

metabolites, genes and also the proteinaceous compounds with antimicrobial activity are also 

activated in response to pathogen attack (Loon et al., 2006).  Release of a wide range of 

antimicrobial compounds, pathogenesis-related proteins and small peptides along with 
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transcriptional activation of defense genes involved in stress response included in stress 

response pathways are under tight genetic control and are activated upon perception of 

prospective invador (McDowell et al., 2004) (Table 2.2).  Thus a quantitative, timely and 

coordinated series of stress response is produced. However, it is likely to be involvement of 

multiple sensors to perceive and regulate all stress responses rather than a single sensor. 

Integration of genetic and biochemical approaches by technical advances in plant proteomics 

and genomics put a radical impact on understanding the response of diverse stress signals. 

2.5. Medicinal plants 

 Plants have always remained a precious source of natural products and helped 

plentiful for maintaining human health from antiquity of life (Capasso, 1998). In opinion of 

World Health Organization (WHO), a variety of drugs and compounds could be derived from 

medicinal plants. So the search of these compounds and understanding their properties could 

reveal us the safety and efficiency of natural products (Ellof, 1998). 

 The fact is that a large number of indigenous plants have been used to treat ailments 

since primitive times (Capasso, 1998). Most of their foods seasoning herbal and spice species 

used are now evaluated to give up valuable medicinal compounds (Tapsell, 2006). The 

indigenous system of medicine like Ayurvedic, Siddha and Unani, which exist from several 

centuries caters to the needs of nearly seventy percent of population residing in the villages 

(Bhattacharjee, 2001), even now about 80 percent population residing in rural areas are still 

rely on medicinal plants for the remedies of different ailments (WHO) (Sakarkar and 

Deshmukh, 2011). The day by day exploring the importance of these medicinal plants has 

also triggered the modern pharmaceutical industries in utilizing these medicinal plants as 

major alternative (Bhattacharjee, 2001). In this regard S. marianum is a potential and historic 

medicinal plant of the Asteraceae family.  

2.6. Bioactive potential of Asteraceae species                

 Representatives of antimicrobial peptides studied by genetic and biochemical 

approaches are ubiquitous among the diverse plant species and have been found to share 

surprising conservation of structure and function among plant kingdom. A number of 

different cysteine rich antimicrobial peptides have been isolated from different plant species 

including members of Asteraceae family.       

 S. marianum, an annual or biennial herb and is a member of the Astereaceae family. 
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The family is famous for its flowering species and has been reported to have defensins 

isolated from its species including Halianthus annus (Sunflower) and Dahlia merckii (Dm) 

by Zelicourt et al., 2007 and Thevissen et al., 2000 respectively (Table 2.3).   

Three defensin encoding cDNA sequences identified from sunflower are SF18, SD2 

and Ha-Def1. Deduced amino acid sequence of Ha-Def1 is composed of an endoplasmic 

reticulum signal sequence of 28 amino acids with a defensin domain of 50 amino acid 

residues followed by a domain of positively charged C-terminal domain of 30 amino acids. 

Action mechanism of plant defensins as investigated by Thomma et al., 2002 and Lay and 

Anderson, 2005 is based on ionic destabilization/membrane permeabilization thus inhibiting 

microbial growth. Defensin domain of Ha-Def1 has been found to be conserved due to its 

cysteine residues and share identity with Dm-AMP1 (88%) and SF18 (62%) identified from 

Dahlia merckii and Sunflower respectively. Based on phylogenic analysis of 64 amino acid 

sequences from mature plant defensins revealed Ha-Def to be closest to Dm-AMP, another 

member from the Asteraceaee family.    

 S. marianum is native to Mediteranean regions, indigenous to North and South 

America, and is abundantly available in Punjab areas of Pakistan (Shah et al., 2011). Plant is 

a herbal supplement having silymarin as an active constituent for the treatment of many liver 

disorders. Silymarin is a mixture of flavonolignans comprised of silybin (50 to 60%), 

isosilybin (5%), silychristin (20%) and silydianin (10%) (White et al., 2008; Lee et al., 

2003).  Free radical scavenging activity of silymarin is responsible for its protective effects. 

Silybin has also been found to have effect on polymerase A of hepatocytes and stimulates 

protein synthesis in liver cell and anticarcinogenic by inhibition of cancer cell growth in 

human prostate, skin, breast, and cervical cells (Hussain et al., 2011; White et al., 2011). 
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Table. 2.3. Inventory of defensins isolated from Asteraceae family with information about ER signal peptide, defensin peptide and C-terminal peptide 

sequence along with number of residues, mass in Da and biological activity already described. Nd= not determined. *=Defensin peptide

Specie 
name 

Defensin 
name 

ER signal peptide Defensin peptide C-Terminal domain Biological 
activity 

*Nu
mbe
r of 
resi
dues

Mole
cular 
mass 
(Da) 

 
 
Dahlia 
merckii 
 

 
Dm-
AMP1         

 
 

 
LCEKASKTWSGNCGNTGHCDN
QCKSWEGAAHGACHVRNGKH
MCFCYFNC 

 
 
 

 
Antifungal 

50 5525.
17 

 
Dm-
AMP2        

 
 

 
EVCEKASKTWSGNCGNTGHC 

 
 
 

nd nd nd 

 
 
Halianthus 
annus 

 
 
Ha-DEF1 

 
 
MAKISVAFNAFLL
LLFVLAISEIG-
SVKG-   

 
 
ELCEKASQTWSGTCGKTKHCD
DQCKSWEGAAHGACHVRDGK
HMCFCYFNC 

 
 
SKAQKLAQDKLRAEELAKEKIEPE
KATAKP 
 
 

 
Parasitic 
plant 
inhibitor 

 
50 

 
5347.
06 

 
SD-2 

 
MKSSMKMFAALL
LVVMCLLANEMG
GPLVVEA  
 

 
RTCESQSHKFKGTCLSDTNCAN
VCHS-ERF SGGKCRGFRR 
RCFCTTHC 

 Antifungal 47 5599.
29 

SF-18 LVFVVAISDIATVN
G 

KICEKPSKTWFGNCKDTDKCD
KRCIDWEGAKHGACHQREAK
HMCFCYFDC 

DPQKN     PGPPPGAPGT 
PGTPPAPPGK GEGDAPHPPP 
TPSPPGGDGG SGPAPPAGGG 
SPPPAGGDGG GGAPPPAGGD 
GGGGAPPPAG GDGGGAPPPG A  
 

Antifungal 153  
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Figure. 2.4. Effect of silymarin on different physiological functions as a drug. 

 Hepatoprotective activity of silymarin is due to its phenolic compounds and represent 

antioxidant properties. Expressions of cell cycle regulators and proteins is interfered by silymarin 

to modulate the imbalance between cell survival and apoptosis (Gonzalez, 2013). Seeds and 

fruits of S. marianum used as therapeutic agents in hepatitis and cirrhosis therapy were studied 

by White et al., (2008). Diverse biological activities including antioxidant, antiinflamatory, 

anticarcinogenic and antiviral activity have been demonstrated from the members of Asteraceae 

family (Wenzig et al., 2014).  

 Biological activities of plants in terms of defensin production can be enhanced by 

inducing plant with a stimulus such as pathogen and was studied in a member of the Asteraceae 

family named Halianthus annus challenged by Orobanche Cumana: a root parasitic plant.  

Another class of antifungal peptides was studied in the leaves of radish upon challenge of a 

fungal pathogen by Terras et al., (1992); Terras et al., (1995) and has increased plant resistance 

against Fusarium oxysporum, Phytophthora infestans, Verticillium dahlia and Rhizoctonia 

solani.  

2.7. Fusarium solani as potential plant pathogen 

 Plant defensins either expressed constitutively or challenged by environmental stimuli 

exhibit an array of expression patterns. Plants when challenged with potential phytopathogens 

can deteriorate plant health as well as can trigger immune response to protect plants against 

pathogens and are recognized as beneficial microorganisms as they trigger local and systemic 

responses (Kavroulakis et al., 2007).                       
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  F. solani is a phytopathgen according to one study, while on the contrary it is able to 

colonize root tissues with subsequent protection of plant against Septoria lycopersici, a tomato 

pathogen studied by (Kavroulakis et al., 2007). Biological activities of plants in terms of 

defensin production can be enhanced by inducing plant with a stimulus such as pathogen and 

was studied in a member of the Asteraceae family named Halianthus annus challenged by 

Orobanche Cumana: a root parasitic plant. Another class of antifungal peptides was studied in 

the leaves of radish upon challenge of a fungal pathogen by Terras et al., (1992); Terras et al., 

(1995) and has increased plant resistance against Fusarium oxysporum, Phytophthora infestans, 

Verticillium dahlia and Rhizoctonia solani.        

 Exposure of F. solani as potential pathogen to pea was studied by Chiang and Hadwiger, 

1991.  Host plant suppresses the pathogen interaction with eventual development of susceptible 

and resistant reactions in compatible and incompatible interaction (Kendra and Hadwiger, 1987). 

Inoculated tissue showed a hypersensitive response after 16h in the compatible interaction 

whereas in susceptible host there was a hypersensitive response after 18 hr. Molecular analysis 

showed that in response to fungal challenge, 20 different proteins were synthesized (Riggleman 

et al., 1985). Genes induced upon pathogen induction encode chitinases, β-1,3-glucanases and 

also the disease resistant response genes which encode low molecular weight cysteine rich 

antifungal peptides along with many pathogenesis related (PR) proteins for digestion of fungal 

cell wall. The elicitors, DNase and chitosan, are produced by the fungi. Elicitors enter plant cells 

and plant nuclei, affecting chromatin changes, DNA strand breakage, histone displacement 

and/or HMG A phosphorylation/dephosphorylation and degradation. These changes may 

enhance the accumulation of pathogenesis-related (PR)-specific RNA 2 to 6 h postinoculation. 

The rapid induction of PR genes following elicitation by the chitosan heptamer and the fungal 

DNase is instrumental in suppressing fungal growth through PR genes (e.g., defensins). 

Similarities between fungal-toxin thionin and the fungal challenged response genes have been 

observed by Chiang and Hadwiger, 1991. Although enzymes are already present but increase in 

expression was observed 10 h after inoculation with F. solani (Figure.2.5).     

Chitosan, a deacetylated polymer of B-1,4 linked glucosamine residues is a component of 

Fusarium cells, acts as an elicitor of phytoalexin production to inhibit F. solani growth in many 

plant species and was studied by Povero et al., 2011 and Hadwiger et al., 2008. Furthermore, in 

response to Fusarium inoculations, two pea genes PI39 and PI230 encoding thionins have also 

been isolated by Chiang and Hadwiger, 1991. 
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Figure 2.5. Defense mechanism of pea and bean plants against F. solani. (Adapted from 

Hadwiger, 2008). 
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2.8. Therapeutic potential of bioactive peptides 

 Different screening methods have been implicated for the production of bioactive 

peptides with reduced toxicity, allergenicity and enormous potential for health enhancing effects 

(Hartmann et al., 2007). Fundamental constituents of many commercially available food and 

pharmaceutical ingredients carry bioactive peptides and are marketed after enriched 

modifications of usual manufacturing strategy (Hartmann and Meisel, 2007). 

 The advantage for antimicrobial peptides as defense weapons is the non specificity of 

their mechanism, it is not easy for microbial pathogens to develop resistant mutants to overcome 

peptide intervention. Understanding how, when and where they function has become of 

considerable interest which could lead to the development of novel therapeutic agents, especially 

in the context of the growing microbial resistance to conventional antibiotics. Some 

antimicrobial peptides are being developed for use either as antibiotics for topical use in 

healthcare or as preservatives in the food industry (Chen et al., 2000; Zasloff, 2002).  We are 

encouraged to believe that antimicrobial peptides have great potential to be the next 

breakthrough and first truly novel class of antibiotics. Future research should ascertain 

production of genetically modified proteins with multiple copies of bioactive sequences to 

enhance their bioavailability (Prak et al., 2006). 
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Chapter 3 

Materials and Methods 
The research was conducted in Molecular Biochemistry Lab, Department of Chemistry 

and Biochemistry, University of Agriculture Faisalabad, Pakistan. A part of research was 

conducted at University of North Carolina, Chapel Hill, USA.  
Materials 

Bacterial strains 

I. Escherichia coli 

II. Bacillus subtilis 

III. Pasturella multocida 

IV. Staphylococcus aureus 

Fungal strains 

I. Fusarium solani 

II. Trichoderma harzianum 

III. Ganoderma lucidum 

IV. Alternaria alternata 

3.1. Collection and germination of Silybum marianum seeds 

 Seeds of S. marianum L. were collected from Qarshi Industeries of Pakistan. 

The seeds were surface sterilized with autoclaved distilled water followed by 70% 

ethanol for 10 min, then with 5% sodium hypochlorite for 20 min and finally washed with 

autoclaved distilled water. The seeds were germinated in sterilized Petri plates containing 

sterilized filter paper wet with autoclaved distilled water under sterilized conditions. The plates 

were placed in Artificial climate chamber (RTOP series) under controlled conditions of 

temperature maintained at 28° C to 25° C with photoperiod, light/dark of 14/10 and humidity of 

50-60 (Falak and Jamil, 2013). 

3.2. Crude extraction of seeds and seedlings 

 Seeds and seedling tissues of S. marianum were minced by pestle and mortar using liquid 

nitrogen to fine powder and weighed up to 5 g each in sterilized centrifuge tubes. The cautions 

were taken to avoid sample thawing. Then 15 µL of sodium phosphate buffer was added 
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followed by the addition of 150 µL of 1 mм PMSF (Phenylmethanesulfonyl Fluoride). After 

mixing, the samples were homogenized with polytrone for 15 min with the interval of 30 s. The 

homogenized samples were centrifuged at 10000 × g and 4 °C for 20 min. Supernatant 

containing crude extract was stored at -20 °C till further study (Falak and Jamil, 2013). 

3.3. Confirmatory test for bioactive proteins and peptides 

The crude extract of S. marianum L. seeds and seedlings was subjected to proteinase K 

and heat treatment to confirm protein based activity and not due to other chemicals present in the 

extract. To 100 µL sample, proteinase K (Fermentas) was added upto final concentration of 1 

mg/mL. Vortexed for a few seconds and incubated at 37 °C for 2 h. Then the sample was heated 

in dry bath at 100 °C for 5 min. For heat treatment 100 µL of extracts were placed in dry bath at 

100 °C for 1 h. The treated samples were checked for antimicrobial activity by performing assay 

protocol for bacteria and fungi (Sarnthima and Khammuang, 2012). 

3.4. Antimicrobial assays 

3.4.1. Antibacterial assay 

Inoculum for each bacterial species Escherichia coli, Staphylococcus aureus, Bacillus 

subtilis and Pasteurella multocida were prepared in 1.3 g of nutrient broth (Sigma), pH was 

maintained. Media were autoclaved for 15 min at 121°C. On lowering upto room temperature, 

the media were inoculated by picking a pure colony from respective cultures on Petri plates at 4 

°C and incubated overnight at 37 °C in an orbital shaker at 120 rpm. The OD was determined at 

600 nm. 

Antibacterial assay was performed by disc diffusion method. Nutrient agar medium was 

seeded with the test bacterial inoculum (200 µL/ 100 mL) and poured into the petri plates. On 

solidification of media the discs (6 mm) of Watman filter paper 1 were prepared by loading 20 

µL crude samples, 5 µL chloramphenicol (6 mg/mL) as positive control and 20 µL extraction 

buffers as negative control were allowed to absorb completely and inverted on the plate with 

equal distance apart from each other. The plates were incubated for 24 h at 37 °C in an incubator 

and the zones of growth inhibition developed were measured in millimeters with the help of a 

zone reader. Each experiment was performed in triplicate (NCCLS, 2002). 

3.4.2. Antifungal assay 

Inoculum for each fungal species Fusarium solani, Trichoderma harzianum, Ganoderma 

lucidum and Alternaria alternata were prepared in Saboraud’s medium. These were autoclaved 

for 15 minutes at 121 °C. The media were inoculated with a pure loopful (200 µL) from 
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respective cultures on Petri plates and incubated at 28 °C in the shaker for 48 hours at 120 rpm. 

The OD was measured at 600 nm. 

Antifungal assay was performed by disc diffusion method as discussed above for 

antibacterial assays except that potato dextrose agar (g/ 100 mL) was used in place of nutrient 

agar. Fluconazole (25 mg/mL) was used as a standard.  

3.5. Minimum inhibitory concentration determination 

 The antimicrobial efficacy of the different peptides was tested using a serial dilution 

titration method, to determine the peptides minimal inhibitory concentration (MIC) against the 

different pathogenic bacterial strains. The MIC assay was essentially done according to 

(Wiegand et al., 2008) and performed in sterile 96-well polypropylene microtiter plates. 

Overnight (ON) cultures were prepared by inoculating 5 mL of Mueller Hinton (MH) broth and 

left overnight at 37°C in a water bath with shaking. The ON culture was diluted 1:50 in fresh 

MH broth and allowed to grow until an OD 600 of 0.5 had been reached. Finally, a 500-fold 

dilution of the bacterial suspension was made to reach a final concentration in the range of 2-

8×105 cfu/ml. 10 μl of a 2-fold peptide dilution series or antibiotic were transferred to sample 

wells and MH broth was used for sterility control and growth control was bacterial suspension. 

The final volume in all wells was 100 μl. The microtiter plate was then sealed with parafilm and 

placed at 37°C for 18 h. The MIC concentration was scored as the lowest concentration with no 

visible growth after 18 h of incubation. The MIC results are given as the median value of at least 

3 independent experiments. The concentration of the bacterial suspension added to the plate, was 

checked by plating a 500x dilution in duplicate on LB agar plates.  

3.5.1. Preparation of the 96 well plates 

Plates were prepared under aseptic conditions. A volume of 100 μL of test material in 

10% (v/v) DMSO (Dimethylsulfoxide) or sterile water (usually a stock concentration of 

1 mg/mL for purified compounds and 10 mg/mL for crude extracts) was pipetted into first row 

of the plate. To all other wells 50 μL of nutrient broth or normal saline was added. Serial 

dilutions were performed using a multichannel pipette. To each well 10 μL of resazurin 

indicator solution (270 mg/ 40 mL d. H2O) was added. Using a pipette 30 μL of 3.3 X strength 

isosensitised broths was added to each well to ensure that the final volume was single strength 

of the nutrient broth. Finally, 10 μL of bacterial suspension was added to each well to achieve a 

concentration of 5 × 105 cfu/mL. Each plate was wrapped loosely with cling film to ensure that 

bacteria did not become dehydrated. Each plate had a set of controls: a column with a broad-
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spectrum antibiotic as positive control (usually ciprofloxacin in serial dilution), a column with 

all solutions with the exception of the test compound, and a column with all solutions with the 

exception of the bacterial solution adding 10 μL of nutrient broth instead.  

The plates were prepared in triplicate, and placed in an incubator at 37 °C for 18–24 h. 

The colour change was then assessed visually. Any colour changes from purple to pink or 

colourless were recorded as positive. The lowest concentration at which colour change occurred 

was taken as the MIC value. The average of three values was calculated and that was the MIC 

for the test material (Nobmann et al., 2009).  

3.6. Plant protein extraction under control and stress conditions 

3.6.1. Fungal culture preparation 

The pure culture of fungal strain of Fusarium solani was taken from the Department of 

Chemistry and Biochemistry and verified from the Institute of Microbiology, University of 

Agriculture, Faisalabad Pakistan. Spores of F. solani were transferred to Saburoud’s liquid 

medium under sterilized conditions and incubated in shaker at 28 ºC at 120 rpm. The inoculum 

with 1× 105 spores/mL was maintained to induce S. marianum L. seedlings.  

3.6.2. Stress treatment 

     The seedlings were subjected to fungal induction and harvested along with their respective 

control samples after 0, 2, 4, 6, 8, 12, 24 and 48 hour post inoculation. Plant samples were 

collected and were flash frozen in liquid nitrogen prior to storage in -80 °C for later use (Falak 

and Jamil, 2013). 

3.6.3. TCA/ acetone precipitation/phenol protocol 

Seedlings harvested at different intervals of post inoculation were ground to fine powder 

in the presence of liquid nitrogen and protein was isolated according to the TCA/ acetone 

precipitation/ phenol protocol described by Rastegari et al. (2011). 

In a sterilized centrifuge tube two grams of the powder were mixed with 18 mL of chilled 

precipitation solution containing 10% TCA in acetone. Then 12.6 µL β-mercaptoethanol was 

added and sample was homogenized for 30-40 s on polytrone. The supernatant was discarded 

after centrifugation at 13000 × g for 15 min at 4 °C and the tube was filled with cold 80% 

methanolic ammonium acetate solution followed by vortexing and centrifugation at 13000 × g 

for 15 min at 4 °C. The pellet was washed with 80% acetone solution, vortexed and centrifuged 

at 13000 × g for 15 min at 4 °C.  
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        The pellet was dried with 99.9% pure nitrogen gas and 8 mL each of equilibrated phenol 

and dense SDS buffer were added. Mixed by vortexing vigorously, incubated at 4 °C for 10 min 

and centrifuged at 13000 × g for 15 min at 4 °C. The upper phenol phase was transferred to 

another sterilized centrifuge tube and filled with cold 100% 0.1м methanolic ammonium acetate 

solution, vortexed and incubated overnight at -20° C. Then centrifugation was performed at 

13000 × g for 20 min at 4 °C. The pellet was finally washed with cold 100% methanol and then 

with cold 80% acetone. The pellet obtained was lyophilized and stored at -80 °C or dissolved in 

appropriate buffer for further studies. 

3.7. Protein estimation 

Crude protein isolated by above described method was quantified by Bradford assay 

using bovine serum albumin (BSA) (Fig. 3.1) as standard (Bradford, 1976). 

 

 Figure. 3.1. Standard curve of bovine serum albumin by Bradford method 

3.8. Protein purification 

 The protein samples were purified using Spectra/Por Float-A-Lyzer G2 500-1000 

MWCO (Molecular weight cut off) 5 mL dialysis devices followed by ultrafiltration in Amicon 

Ultra-15 Centrifugal Filter Devices, 10000 MWCO.  

3.8.1. Dialysis 

The sample is placed inside a dialysis bag prepared from a tube made of semipermeable 

membrane. I used prerinsed Spectra/Por Float-A-Lyzer G2 500-1000 MWCO 5 mL (G235051) 

ready-to-Use laboratory dialysis devices featuring proprietary Ultra-pure Biotech Cellulose 

Ester (CE) with Milli-Q® water. 

Dialyzed the protein sample into 5 mм ammonium formate, pH 2.7. Prepared 5 mм 

ammonium formate buffer, 1 L for every 15-20 mL concentrated material. Adjusted the buffer 

pH to 2.7. Prior to dialysis, saved 10-50 mL dialysis buffer as a control. Performed two dialysis 
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steps, changing out the buffer in between; 1st dialysis for 4-6 h, then overnight with constant  

stirring at 4°C. Following each dialysis step, saved 10-50 mL of the dialysis buffer as a control. 

3.8.2. Ultrafiltration 

Molecular filtration or ultrafiltration is similar to dialysis. A membrane with specific pore 

size is used to fractionate proteins. By using pressure or centrifugation force, only the molecules 

smaller than the pore pass through the membrane. The ultrafiltration membranes were used in 

Amicon® Ultra-15 devices contain trace amounts of glycerin, which can interfere with the 

sample. Prepared Amicon Ultra-15 Centrifugal Filter Devices, 10000 MWCO (Millipore, 

UFC9010024) to remove the glycerin. Prerinsed the device with buffer or Milli-Q® water. 

3.8.3. Bioassay 

A single colony of bacterial strain taken from the cultured plates was inoculated in 1X 

Luria broth media in a sterile culture tube and incubated at 37 °C overnight at constant shaking 

(250 rpm).  This overnight culture was diluted upto 0.05 OD (600 nm). The outer ring of 96 well 

plate was left as blank to act as a control for contamination having 50 uL 1X LB, 50 uL 2X LB 

and 100  uL H2O. All other wells contain 50 uL 1X LB, 50uL 2X LB, 50 uL extract/ Blank 

(buffer) and 50 uL bacterial culture. Each sample had its fivefold dilutions (5-6), along with 

three replicates each. Plate was then incubated at 37 oC at constant shaking (250 rpm). 

Initial reading was measured immediately after plate preparation (0 h). Further readings 

were measured after every hour upto 24 h.  Curve was plotted in MS Excel programme.   

3.9. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) 

Protein was analyzed by performing SDS-PAGE of all the extracted crude and protein 

samples. SDS-PAGE (12%) was prepared as given in Appendix II. The protein samples 15 uL 

were prepared in loading dye (Fermentas) and reducing agent (Fermentas) followed by 

denaturation at 95 °C for 4 min. The gel was run at 120 V for 1 h and stained in coommassie 

blue staining solution for one hour. The gel was destained in destaining solution for 1 h by 

changing the solution after every 15 min. Finally the gel was documented in gel documentation 

system (Syngene, UK) under white light. 

3.10. Bioactive potential of protein samples 

3.10.1. Antimicrobial activity assays 

 The antimicrobial screening of the protein after fungal stress was performed using disc 

diffusion assay as described in the 3.4 section.  
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3.11. Antioxidant activity assay 

Percent radical scavenging activity (% RSA) of S. marianum extracts was measured by 

the method of Noor et al. (2014). The sample extract and DPPH (2,2-Diphenyl-1-picrylhydrazyl) 

solution were mixed in 2:1 proportion respectively, incubated at room temperature for 15 min 

followed by measurement of absorbance at 517 nm against standard. 5 mL of DPPH solution 

mixed with 2.5 mL of extraction buffer was used as negative control (Ac) whilst ascorbic acid 

was used as standard. Each experiment was performed in triplicates. % inhibition of DPPH 

radical was determined by following formula. 

% inhibition = [Ac - absorbance of sample or standard/Ac] x100 

3.12. Cytotoxicity test 

3.12.1. Maintenance of cell lines 

Two human cell lines, Hep2 and HFL1 were cultured in culture dish containing minimum 

essential medium with Earl’s Salt (MEM) and Ham’s F12 medium respectively. Both culture 

media were supplemented with nonessential amino acids and foetal bovine serum (Whelan & 

Ryan, 2003). The culture dishes were incubated at 37 °C in a 5% CO2 incubator for 72 h. 

3.12.2. Treatment of cells with herbal extract 

The treatment of the cell lines with the crude herbal extracts was carried out as described 

by Badisa et al. (2004). When the cell growth was confluence, the cells were harvested and then 

suspended in the appropriate growth medium (MEM or Ham’s F12). Approximately 5 x 104 cells 

were seeded onto wells of a flat bottom 96-well microtiter plate and the plate was incubated at 37 

ºC in a 5% CO2 incubator for 24 h. Serial dilution of the herbal stock extracts was done in the 

appropriate growth medium and each dilution was added in quadruplicate to the culture wells. 

All culture plates were incubated in 5% CO2 incubator at 37 ºC for 72 h. 

3.12.3. Cytotoxicity test of extracts 

Determination of cytotoxicity of the crude and protein extracts was carried out using the 

3-4,5-dimethylthiazole-2,5-diphenyl-tetrazolium bromide (MTT) method described by Betancur-

Gavis et al. (1999). 

3.13. Hemolytic activity        

 Hemolytic activity of the various concentrations (60 mg/mL-3.25 mg/mL) of the S. 

marianum extracts was checked by using method of Shahid et al., 2013 and Zuber et al., 2014. 

Freshly heparinized blood sample was used and erythrocytes were adjusted to 108 cells per mL 

for assay. Hundred μL of each extract was mixed with human (108 cells/mL) cells separately 
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followed by incubation at 37 oC and agitation after 10 min. Reaction was immediately stopped 

by placing it on ice for 5 min with subsequent centrifugation for 5 min at 1000 x g. Triton X-100 

(0.1% v/v) was used as a positive control while phosphate buffer saline (PBS) as a negative 

control. The absorbance was measured at 540 nm. No haemolysis (0%) and full haemolysis 

(100%) were observed in the presence of PBS and 1% (v/v) Triton X-100, respectively.        

3.14. Mutagenicity test           

3.14.1. Muta-chromplate kit         

 A commercial test kit, the Muta-Chromplate, was used to evaluate the mutagenicity of 

the herbal extracts. The kit was purchased from Environmental Biodetection Products 

Incorporation (EBPI, Ontario, Canada). This test kit was based on the validated Ames bacterial 

reverse-mutation test (Ames et al., 1975) but was performed entirely in liquid culture 

(fluctuation test).                       

3.14.2. Test bacterial strains                                                                               

Two mutant strains, Salmonella typhimurium TA98 and S. typhimurium TA100 were provided 

by EBPI. The bacteria were maintained on nutrient agar at 3 ± 1ºC. The bacteria were inoculated 

in nutrient broth and incubated at 37 ºC for 18 - 24 h prior to the test.                             

3.14.3. Chemicals          

 The following chemicals were purchased from EBPI: Davis-Mingioli salt (5.5 times 

concentrated), D-glucose (40%, w/v), bromocresol purple (2 mg/mL), D-biotin (0.1 mg/mL), and 

L-histidine (0.1 mg/mL). Two sterile standard mutagens were sodium azide (NaN3, 0.5 μg/100 

μL) for S. typhimurium TA100 and 2-nitrofluorene (2-NF, 30 μg/100 μL) for S. typhimurium 

TA98. All chemicals were kept at 3 ± 1ºC until used.     

 For test with metabolic activation, S9 metabolic activation components comprising of a 

mixture of MgCl2 (0.4 м) and KCl (1.65 м), glucose-6-phospahte (1.0 м), nicotine amide di-

nucleotide phosphate (NADP, 0.1 м), phosphate buffer (pH7.4) and rat liver extract were used. 

Standard mutagen for test using metabolic activation was 2-amino-anthracene (2AA) (10 μg/100 

μL). All chemicals were kept frozen until used. S9 activation mixture and reagent mixture 

prepared given in Appendix II.                                                                                        

3.14.4. Mutagenicity assay        

 Reagent mixture, herbal extract, sterile distilled water, standard mutagen and S9 

activation mixture were mixed in several bottles at the amount indicated Appendix I and were 

inoculated with an overnight culture broth of S. typhimurium test strains. The content of each 
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bottle was dispensed into each well of a 96-well microtiter plate and the plate was incubated at 

37 ºC for 4 days.                                                                                                      

3.14.5. Interpretation of results and statistical analysis     

 Yellow or turbid wells were scored as positive while purple wells were scored as 

negative. The extract was considered non-toxic to the test strain if all wells in the test plate 

showed purple coloration. For a herbal extract to be mutagenic, the number of yellow well had to 

be significantly higher than the number of yellow well in the ‘background’ plate and this was 

determined statistically as described by Gilbert (1980).                                                   

3.15: Biofilm formation assay         

3.15.1: Microtiter plate method for biofilm formation     

 Three wells of a sterile 24-well flat bottomed plastic tissue culture plate were filled with 

1.0 mL of bacterial suspension in nutrient broth inoculated at 37°C for 24 h. Preparation of 

reagents is given in Appendix III. Negative control wells contained broth only.  The plates were 

covered and incubated aerobically for 24 h at 37°C. Then, the content of each well were washed 

three times with 1.5 mL of sterile phosphate buffer. The plates were vigorously shaken in order 

to remove all non adherent bacteria. The remaining attached bacteria were fixed with 1.0 mL of 

99% methanol per well and after 15 min plates were emptied and left to dry. Then, plates were 

stained for 5 min with 1.5 mL of 2% crystal violet per well. Excess stain was rinsed off by 

placing the plate under running tap water. After the plates were air dried, the dye bound to the  

adherent cells was resolubilized with 1000 µL of 33% (v/v) glacial acetic acid per well. The OD 

of each well was measured at 630 nm using ELISA reader spectrophotometer (Stepanovic et al., 

2000). All the tests were carried thrice and the average of the results was taken.                

Percent inhibition of bacterial growth was calculated as follows:             

% inhibition=100 – (OD630 sample*100)/ OD630 control                   

3.15.2. Microscopic evaluation of biofilm                                                             

 Formation of biofilm in Staphylococcus aureus was studied by light microscopy at 40X 

maginification and was compared with positive and negative controls.         

3.16. Anticancer assay        

 Antitumour activity was studied by procedure followed by Noor et al. (2014). Fresh 

culture of Agrobacterium tumefaciens was prepared by inoculation of 100 mL (1.3%) autoclaved 

nutrient broth pH 7.4 with 10 uL of stock culture. This growth medium was left at 28 ºC for 48 h 

to get 5 ×109 cells per mL. Potatoes were surface sterilized for 20 min with 10% sodium 
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hypochlorite solution and cut (5 × 5) mm by sterilized cork borer. Seven potato disks along with 

positive and negative controls in the center were placed in autoclaved Petri dish containing 1.5% 

agar medium. Protein samples 300 uL of each was mixed with 50 uL of cultured A. tumefaciens 

and poured 50 uL of each on the potato disks. The whole experimental work was done in laminar 

air flow. Petri plates were incubated at 28 ºC for 21 days and sprayed with Lugol’s solution 

(potassium iodide 10% and Iodine 5% in distiled water). Tumours were counted under 

microscope after 20 min. Each sample was replicated for five times. % inhibition was determined 

by the following formula:         

 % Inhibition= [1-No of tumours in sample/No of tumours in negative control] × 100   

3.17. Protein identification using LC-MS/MS                                                            

3.17.1. In-gel digestion of coommassie stained protein bands    

 Excised the bands as close to the band as possible.  Cut 1D lanes into 1 mm square pieces 

with scalpel and placed in a tube. Added 300 μl of Milli-Q water to the tube, shaked for 15 min. 

Water was removed by pipetting. To each tube 300 μl CH3CN was added and was shaked for 15 

min. Discarded CH3CN followed by addition of 300 μl of 50 mM NH4HCO3 / 50% CH3CN. 

Placed it in the shaker for 15 min. Removed and discarded the supernatant. Repeated the 

NH4HCO3 / CH3CN washes three times. Supernatant was removed. After destaining is complete, 

discarded the supernatant and 200 μl CH3CN was added. Shaked for 5 min; removed completely 

and discarded the supernatant.          

3.17.2. Reduction/alkylation of band pieces      

 Added 50 uL/sample of 10 mM DTT in 100 mM NH4HCO3 (Shaked at RT for 30 min; 

removed the supernatant. Added 50 uL /sample of 55 mM fresh iodoacetamide in 100 mM 

NH4HCO3 (solution preparation given in Appendix IV) and shaked at room temperature for 30 

min with removal of the supernatant. Gel pieces were washed with 300 uL 100 mM NH4HCO3 

for 15 min. Supernatant was removed followed by washing of the gel pieces with 300 uL 20 mM 

NH4HCO3/ 50% CH3CN for 15 min. Finally 200 μl CH3CN was added to the supernatant. 

Shaked for 5 min; removed the supernatant completely and was air dried for a few min.     

3.17.3. Digestion of proteins         

 For gel bands, used 30-40 μl trypsin digestion buffer / band depending on the intensity of 

the gel piece. Added the appropriate amount of digestion buffer to each tube.  Placed samples in 

the 37oC incubator for 8-12 hours. Make sure that tubes/plates are sealed tightly and the gel 

pieces have settled in the bottom of the tube/well. Alternatively, samples can be stored at 4oC for 
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a few hours (to slow the reaction) until it is more convenient to transfer them to 37oC for the 

overnight incubation. After the overnight incubation is complete, the reaction can be quenched 

by moving samples to -20oC and storing them there until it is convenient to begin the extraction. 

3.17.4. Extraction of proteins       

 Removed samples from incubation (or storage), added 30 μl 1% formic acid/ 2% CH3CN 

to the digest. Incubated at RT for 30 min on shaking platform. Removed supernatant and 

transferred to a clean tube. Added 24 μl 60% CH3CN to the gel pieces, shaked for 30 min. 

Removed the supernatant from each sample and combined it with that of the previous extraction. 

Placed the extracted digests, with tubes open in the SpeedVac. With the cold trap on, turned on 

the centrifuge and lyophilized them until all of the liquid has evaporated leaving a tiny pellet 

(~1h). Rehydrated it with 10 μl 1% formic acid /2% CH3CN.                                                 

3.17.5. LC-MS/MS analysis         

 LC–MS/MS analysis was carried out on a nano-HPLC coupled to a hybrid Q-TOF I 

tandem mass spectrometer (Waters nanoAcquity UPLC; Ab Sciex TripleTOF 5600) capable of 

high enough mass accuracy (< 50 ppm). Samples were injected onto the nano HPLC system. 

After desalting using a trap column (PepMap C18, LC Packings), peptides were separated by 

reversed phase chromatography (PepMap C18, LC packing) using a 30 min gradient from 5% to 

40% acetonitrile, containing 0.1% formic acid. Essentially, the electrospray (ESI) tandem mass 

spectrometry was performed. The LC–MS/MS data were searched against the Swiss Prot 

database using Mascot software (Matrix Science, UK).           

3.18. Antimicrobial gene isolation          

3.18.1. Genomic DNA isolation        

 DNA was isolated from seeds of the plant using CTAB method. About 200 mg of plant 

tissue was ground to a fine paste in approximately 500 μl of CTAB buffer (Appendix V). 

Incubated the CTAB/plant extract mixture for about 15 min at 55o C in a recirculating water 

bath. After incubation, spined the CTAB/plant extract mixture at 12000 × g for 5 min. 

Transferred the supernatant to a clean microfuge tubes. To each tube 250 μl of Chloroform: Iso 

Amyl Alcohol (24:1) was added and mixed the solution by inversion. After mixing, spin the 

tubes at 13000 × g for 1 min. Transferred the upper aqueous phase only (contains the DNA) to a 

clean microfuge tube. To each tube 50 μl of 7.5 M ammonium acetate was added followed by 

500 μl of ice cold absolute ethanol. Inverted the tubes slowly several times to precipitate the 

DNA. Tubes were placed for 1 hr at -20 o C after the addition of ethanol to precipitate the DNA. 
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Precipitates were isolated by spinning the tube at 13000 × g for 10 min to form a pellet. 

Removed the supernatant and washed the DNA pellet by adding two changes of ice cold 70 % 

ethanol. After the wash, spin the DNA into a pellet by centrifuging at 13000 × g for 1 min. 

Removed all the supernatant and allowed the DNA pellet to dry (approximately 15 min). 

Resuspend the DNA in sterile DNase free water (approximately 50-400 μl H2O). After 

resuspension, the DNA was incubated at 65o
 C for 20 min to destroy any DNases and stored at 4o 

C.            

 Purified DNA was stored at -40 °C and absorbance was measured on Gel Quant pro 

(Amersham Biosciences). Quantity of the DNA was determined by measuring absorbance at 260 

nm and 280 nm (A260/A280). Integrity of DNA was checked on 0.8 % agarose gel. The gel was 

stained in ethidium bromide staining solution and documented on Syngene gel documentation 

system (Syngene, UK).                       

3.18.2. Primer designing           

 High degree of similarity between disease resistance genes of different plants led to the 

possibility of the presence of conserved motifs in Silybum marianum.  The conserved motifs 

were the basis of primer designing for isolation of disease resistance homologous genes (Leister 

et al., 1996).               

Table  3.1. Primers for resistance genes isolation and their predicted peptide sequence.  

                                                            N-terminal 
--------------------------------------------------------------------------------------------------------------------- 
Peptide sequence         G              G           V          G           K           T         T 
Primer S1F                  5’-GGT     GGG     GTT      GGG      AAG     ACA    ACG-3, 
Primer S2F                  5’-GGI       GGI     GTI        GGI       AAI       ACI      AC-3’ 
                                                          C-terminal 
---------------------------------------------------------------------------------------------------------------------
Peptide sequence              G                 L              P             L             A            L               
Primer S1R                  5’-CAA         CGC        TAG         TGG         CAA     TCC-3’ 
Primer S2R                  5’-IAA           IGC          IAG         IGG         IAA      ICC-3’ 
Primer S3R                  5’-IAG            IGC         IAG          IGG          IAG      ICC-3’  
 
Three sets of primer combinations were used for PCR amplification: S1F+S1R(Tm= 53.8°C), 

S2F+S2R (Tm= 45.5°C) and S2F+S3R (Tm= 48.5°C).  

3.18.3. Polymerase chain reaction 

The PCR reactions were performed in triplets in the same thermo cycler (Biorad T100 

thermal cycler) to minimize variations. By using both forward and reverse primers defensin 
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genes were amplified from plant DNA at optimized conditions. The PCR set up was as follows: 

To a 0.1 mL microcentrifuge tube, added 3 µL DNA, 2.5 µL 100 µMmixed dNTPs, 2.5 µL 10X 

buffer, 2.5 µL 25 mM MgCl2, 1 µL each primer, 0.5 µL Taq DNA polymerase, brought the 

reaction mixture to 25 µL with nuclease free water and gently tapped to mix. 

PCR reaction were run at following conditions: 95 °C for 3 min, 95 °C for 1 min, Tm 

°C±5 for 1 min (for different primer pairs), 72 °C for 1 min, 35 cycles followed by 10 min final 

extension at 72 °C. 1.2 % agarose gel electrophoresis was performed to check the PCR products. 

3.19. Cloning of disease resistance gene 

3.19.1. Ligation  

The PCR amplified gene fragment was ligated into pTZ57R/T plasmid vector, with 

following components (Table. 3.2.) into a 1.5 mL microcentrifuge tube following manufacturer’s 

protocol (InsTAclone PCR cloning Kit, Thermoscientific). 

Table 3.2. Ligation mixture setup for ligation of gene fragments from Silybum marianum in 

plasmid vector pTZ57R/T  

Serial No. Components Quantity 

1  Plasmid vector pTZ57R/T 3 µL 

2  Purified PCR fragment 6.5 µL 

3  10 x ligation buffer 3 µL 

4  PEG 4000 solution 3 µL 

5  T4 DNA ligase, 5 µ 1 µL 

6  Deionized water Up to 13.5 µL 

The reaction mixture was incubated overnight at 22 °C for maximum yield of useful 

recombinants.   

3.19.2. Preparation of competent cells 

E. coli strain DH5α was made competent according to procedure given in Appendix VI. 

3.19.3. Transformation 

Five microliters of ligated mixture were added to 50 µL of competent cells in a 

microcentrifuge tube and placed in ice for 30 min. The tube was heated in a water bath at 42 °C 

for 1.5 min, and transferred in ice for 2-5 min. One milliliter of LB-Medium (Appendix VII) was 

added to the sample and incubated at 37 °C for 1 h at 220 rpm. The tube was centrifuged at 

13,000 ×g for 2 min. 955 µL of the supernatant was discarded and the remaining 100 µL sample 

was poured on an LB-Ampicillin agar plate (Appendix VII) containing IPTG (Isopropyl-β-D-
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Thiogalactoside) and X-Gal (5-bromo-4-chloro-3-indolyl-β-D-galactoside) (40 µL of each). The 

plate was incubated overnight at 37 °C. 

3.19.4. Sequencing analysis 

 To analyse the defensin genes, the cloned reamplified PCR products will be sequenced from 

Centre of Applied biology in Molecular biology (CAMB), Lahore, Pakistan. 

3.20. BLAST analysis 

The homology of results obtained after sequenced samples will be analysed by using 

BLAST (basic local alignment search tool). 

3.21. Statistical Analysis 

    Significance of data was tested by analysis of variance and Tukey (HSD) Test at 

p<0.05 and where applicable at p<0.01 among different means (Steel et al., 1997). 
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Chapter 4 

Results and Discussion 
 

The present project was aimed to screen the bioactive potential of the differentialyy 

expressed proteins from Silybum marianum and to isolate and purify the bioactive peptides under 

control and induced conditions with Fusarium solani. According to best of my knowledge, it is 

the very first report of S. marianum to study its bioactive potential with respect to 

proteins/peptides under fungal stress.   

4.1. Germination and bioactive potential of Silybum marianum seeds and seedlings 

Seed germination is affected by a number of environmental factors including light 

intensity, day length, night length, water and other environmental conditions in order to break 

dormancy and to germinate. Dormant seeds contain an embryo plant which is stored with enough 

chemical energy which is utilized by the young growing seedlings until they prepare their own 

food by photosynthesis. Therefore, seeds and seedlings are equally important to evaluate genetic, 

biochemical and developmental changes along with further analysis and characterization of 

bioactive components from young growing plant (Hadwiger, 2013). 

Although plantation of seeds in soil is a certain way to study such parameters but 

germination of seeds and their biochemical parameters can be easily studied under optimum and 

controlled conditions.  

Silybum marianum, based on its medicinal importance and bioactive potential, was 

selected for further study. It was surface sterilized and germinated up to two leaf seed stage 

(Figure 4.1) in greenhouse at University of North Carolina, Chapel Hill, USA. At two-leaf stage, 

plant was harvested and was divided into two groups: One for crude extract preparation wheras 

the other was subjected to fungal induction. Fusarium solani (1× 105 spores/mL) was used to 

inoculate S. marianum seedlings. Followed by induction of the plant with fungus, petri plates 

containing induced seedlings were placed in artificial climate chamber under controlled 

condition of temperature maintained at 28° C to 25° C with photoperiod, light/dark of 14/10 and 



37 
 

humidity of 50-60 (Figure 4.2) (Falak and Jamil, 2013). Thus, bioactive potential of the plant can 

be easily studied under controlled conditions of light and temperature and is a good choice for 

further experiments.  

 

Figure 4.1. Fifteen day-old seedlings of Silybum marianum grown in greenhouse, 
University of North Carolina, Chapel Hill, USA.  
 

 

Figure 4. 2. Fifteen days old seedlings of Silybum marianum placed in artificial climate chamber 

after fungal stress.  
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4.2. Bioactive potential of Silybum marianum crude extract 

 The first crucial step in the screening of medicinal plants for their bioactive potential is 

extraction of desired bioactive compounds. The basic steps for further analysis and 

characterization include homogenous grinding and proper contact of the sample surface with 

most appropriate solvent along with the intensive care to avoid potential active constituents to 

get lost or distorted (Sasidharan et al., 2011).  

 Specific nature of the bioactive compounds being targeted and their successful 

determination is largely dependent on the selection of extraction solvent. Low-toxicity, ionic 

composition, preservative action and non-interference with bioassay are the requirements for 

optimum extraction of biologically active components (Ncube, 2008). Active constituents from 

seeds of Silybum marianum were extracted by grinding and homogenization in sodium phosphate 

buffer at physiological pH (7.4) followed by disc diffusion assay for antimicrobial screening 

against four bacterial and four fungal species. Sodium phosphate buffer was selected and was 

found to be a good solvent with respect to extractability, stability and solubility potential for 

proteins when compared to other buffers (Shahid et al., 2007; Al Akeel et al., 2014).  

 With respect to bioactive potential, antimicrobial activity and potency of the S. marainum 

crude extract was assessed by measuring zones of inhibition followed by activity index. Among 

gram positive bacterial species (Fig. 4.3 A), Bacillus subtilis was found to be more susceptible 

and was inhibited by the seed crude extract as compared to the Staphylococcus aureus at a 

concentration of 3.3 mg/mL. Zones of inhibition of seed crude extract were found to be almost 

similar against both bacterial species but activity index (A.I) was different for both the species 

which was found to be 0.50 and 0.44 respectively (Table 4.1). 

 For gram negative bacterial species, seed crude extract (3.3 mg/mL) had strongest 

inhibitory activity with respect to activity index (A.I) against E. coli (A.I=0.55) followed by 

Pasteurella multocida (A.I=0.49) whereas zones of inhibition of seed crude extracts against both 

bacterial species were also found to be slightly different (Table 4.1).  
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Table. 4.1. Zones of inhibition and activity index of S. marianum extracts with and without heat 

and proteinase K treatment against gram positive and gram negative bacterial species. 

 

 

Sample 

 

Bacillus subtilis 

 
Staphylococcus aureus 

           

       Eschericia coli 

 

Pasteurella multocida 

Z.I(Mean(mm)±SD) A.I Z.I(Mean(mm)±SD A.I Z.I(Mean(mm±SD) A.I Z.I(Mean(mm±SD) A.I 

Seed 

crude  

11.67±0.58cde 0.50 11.00±1.00 0.44 12.00±1.00c 0.55 
 
 

11.33±0.58cde 0.49 
 

Seed heat  10.33±0.58cde 0.44 10.00±1.00cde 0.4 11.00±1.00cde 0.50 
 

10.67±0.58cde 0.46 
 

Seed 

proteinas

e K 

9.33±0.58de 0.39 
 

9.00±1.00e 0.36 9.00±1.00e 0.41 
 
 

9.33±0.58de 0.40 
 

Positive 

control 

23.33±0.58ab 1 25.00±1.00a 1 21.67±0.58b 1 23.00±1.00ab 1 

 

Key: ZI=Zone of inhibition, AI=Activity index. Activity index=Average zones of inhibition of 
test sample/average zones of inhibition of standard.  Means sharing similar letter in a column are 
statistically non-significant (P>0.05). Small letters represent comparison among interaction 
means.           
 Among all fungal species tested, based on zones of inhibition (Z.I), it was observed that 

Fusarium solani (Z.I=15.33) is most susceptible to the crude extract (3.3 mg/mL) as well as to 

standard drug, fluconazole (25 mg/mL, Z.I=26). A slight decrease in the antifungal activity of the 

same extracts was observed against other fungal species tested in an order of Ganoderma 

lucidum (Z.I=13mm)>Trichoderma harzianum (Z.I=14mm)>Alternaria alternata (Z.I= 8.3mm). 

Considering activity index of all the fungal species tested, Silybum marianum was found to be 

highly active towards Ganoderma lucidum (A.I=0.81) followed by other species in a sequence of 

Trichoderma harzianum (A.I=0.73) >Alternaria alternata (A.I=0.67). Higher sensitivity of 

Fusarium solani towards standard drug highly reduced its activity index (A.I=0.58) as compared 

to the other fungal strains.  

 These results are in partial agreement to the results of Hassan et al., (2009) in which he 

prepared Silybum marianum seed extract in hot water and 80% methanol. Antibacterial activity 

of the extracts was tested against different Gram positive as well as Gram negative bacteria such 

as Staphylococcus aureus, Bacillus subtilis and Eschericia coli. Potential zones of inhibition 

measured by them against these species were 29, 19 and 27 mm respectively. In another study, 

highly unexpected results were observed by Keskin et al. (2010). Their studies showed that S. 
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marianum leaf and flower extracts prepared in 96% ethanol did not exhibit inhibitory activity 

against S. aureus, B. subtilis and not even to E.coli.  

 In our studies, a good antifungal potential of Silybum marianum seed crude extract was 

observed against all pathogenic fungi showing that there are some antifungal compounds present 

in the crude extract and was contrary to the previous reports made by Hassan et al. (2009) in 

which no antifungal activity of S. marianum methanolic extract was observed towards different 

fungal strains  

 It can be concluded that active chemical substances such as oils, phenolics, flavonoids 

and proteins/peptides present in the sample was responsible for variable sensitivity and resistance 

of microorganisms to extracts . However differences in extract preparation, solvent selection and 

the techniques might attribute to the isolation and difference in bioactivities of molecules.  

4.3. Bioactivity of proteinase K and heat treated extracts 

 Peptide based bioactivity of the crude extracts was figured out by treatment of extract 

with a proteolytic enzyme proteinase K (1 mg/mL) and heat denaturation at 100 oC for 10 

minutes. Protein contents of the heat denatured (13.98 mg/mL) and proteinase K (24.41 mg/mL) 

treated extracts were determined and were compared to the seed crude extract (66.80 mg/mL). A 

significant decrease in the protein contents of both the treated extracts was observed. 

Antimicrobial assays were also performed for confirmation of protein based bioactivity.  

4.3.1. Antibacterial assay of treated extract 

 Heat denatured and proteinase K treated extracts were further subjected to antimicrobial 

screening against four bacterial species (Fig. 4.3). With respect to activity index, reduced activity 

of treated extracts against Gram positive and Gram negative bacterial species found was highly 

supporting the fact that bioactivity of the extracts was mostly peptide/protein based (Fig 4. 3. A, 

B).  
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                           A                                                                       B 
Figure. 4.3. Graphical presentation of activity index of S. marianum seed extracts with and 

without heat and proteinase K treatment against gram positive and gram negative bacteria. 

B. subtilis: Bacillus subtilis, S.aureus: Syaphylococcus aureus, P. multocida: Pasteurella 

multocida and E. coli: Eschericia coli. Seed prok: Seed proteinase K-treated 

 

Figure. 4.4. Comparative analysis of activity index of S. marianum seed extracts with and 

withoutheat proteinase k treatment against gram positive and gram negative bacteria. B. subtilis: 

Bacillus subtilis, S. aureus: Syaphylococcus aureus, P. multocida: Pasteurella multocida and E. 

coli: Eschericia coli. Seed prok: Seed proteinase K-treated.  
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                 Antimicrobial activity of the heat denatured and proteinase K treated extracts revealed 

the fact that peptides/proteins present in crude extract were denatured and thus diminished 

antimicrobial activity. Digestion of crude extract with proteolytic enzyme caused a slight 

reduction in antimicrobial activity which might be due to partial hydrolysis of crude proteins by 

enzymatic process or due to the amino acid composition of protein/peptides which showed 

stability upon hydrolysis and heat treatment. 

 Gram negative bacteria were found to be more susceptible to the seed crude extracts as 

compared to the gram positive bacteria which might be due to the difference in size and polarity 

of the isolated antimicrobial peptides (Figure 4.4) Extensive research has reported the net 

positive charge of the antibacterial peptides responsible for their interaction to the negatively 

charged phospholipids of bacterial membrane. Thus causing membrane permeabilization leading 

to the death of bacteria. However different cell wall composition of gram positive and gram 

negative bacteria may be the cause of bacterial sensitivity (Ahmad et al., 1995) and resistance 

towards corresponding molecule.  

 Broad spectrum of antibacterial activity has demonstrated that the plant can assist 

discovery of novel antibiotic substances that could serve as selective agents against infectious 

diseases.  

4. 3.2. Antifungal assay of treated extracts 

  Among all fungal species tested based on zones of inhibition it was observed clearly that 

Fusarium solani is most susceptible (with respect to inhibitory zones) to the crude (3.3 mg/mL) 

and treated extract as well as to standard drug, fluconazole (25 mg/mL) Figure 4.5 (A). A slight 

decrease in the antifungal activity of the same extracts was observed against other fungal species 

tested in an order of Ganoderma lucidum>Trichoderma harzianum>Alternaria alternata. Figure 

4. 5-B, C, D). A reduced antifungal potential was observed in heat denatured and proteinase K 

treated extracts against all the fungal species. While comparing heat denatured and proteinase K 

treated extracts, a varying trend was observed in Trichoderma harzianum and Alternaria 

alternata in which heat denatured extract showed decreased reduction in activity than proteinase 

K treated extract which exhibited good denaturation of the peptides/proteins present in the 

extract.  
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                          A                                                                     B 

   

                         C                                                                    D 

Figure. 4.5. Zones of inhibition of S. marianum seed extracts with and without heat and 

proteinase K treatment against four fungal species. A: Fusarium solani, B: Trichoderma 

harzianum, C: Ganoderma lucidum, D: Alternaria alternata. Seed prok: Seed proteinase K-

treated.  

           Higher zones of inhibition in proteinase K treated extracts might be due to the presence of 

some protease inhibitors in the extract and resisted the hydrolysis of the peptides by proteinase 

K. There was no effect of proteinase K alone tested in the bioassay against all the 

microorganisms. Antifungal activity in terms of inhibition zone and activity index of Silybum 

marianum seed extract against four fungal species is also recorded (Table 4.2).  
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Table. 4.2. Zones of inhibition and activity index of S. marianum extracts with and without heat 

and proteinase K treatment against four fungal species. 

 

Sample 

F. solani T.  harzianum G.lucidum A.alternata 

ZI(mm±SD) AI ZI(mm±SD) AI ZI(mm±SD) AI ZI(mm±SD) AI 

 
Seed crude  15.33±0.58de 

 
0.58 14.0±1.000ef 

 
0.73 13.0±1.000efg 

 
0.81 8.3±0.583ij 

 
0.67 

 

Seed heat  
13.67±0.58ef 

 

0.52 
10.00±1.00 

 

0.52 
11.67±0.58fgh 

 

0.68 
7.00±1.00j 

 

0.41 

 

Seed 

proteinase k 
10.67±0.58ghi 

 
0.41 
 

10.67±0.58ghi 

 
 
0.56 
 

10.67±0.58ghi 

 

0.67 

10.67±0.58ghi 

 

0.62 

 

Positive 

Control 
26.00±1.00a 

 

1 

19.00±1.00c 

 

1 

22.00±1.00b 

 

1 

17.00±1.00cd 

 

1 

Key: ZI=Zone of inhibition, AI=Activity index. Activity index=Average zones of inhibition of 
test sample/average zones of inhibition of standard. Means sharing similar letter in a column are 
statistically non-significant (P>0.05). Small letters represent comparison among interaction 
means.     
 Strongest/remarkable inhibitory activity in terms of activity index against Ganoderma 

lucidum (A.I=0.81) followed by Trichoderma harzianum (A.I= 0.73) was observed (Fig. 4.6). 

Similar results were observed by Phansri et al. (2011) from Bauhinia acuminate seed extract. 

Reduced antibacterial activity of the B. acuminate proteinase K and pronase treated extract 

against Staphylococcus aureus supports peptides/proteins as responsible compounds of the 

bacterial growth inhibition. A protein “Alliumin” isolated from cloved-garlic bulbs also showed 

stabilized antimicrobial activity upon enzymatic hydrolysis and heat treatment.  A slight decrease 

in antibacterial activity of Solanum stramonifolium pronase treated seed extract towards Gram 

positive bacteria was observed by Sarnthima and Khammuang, 2012. In contrast to these results, 

vulgarinin, a broad spectrum antifungal peptide isolated from Phaseolus vulgaris, maintained its 

activity after trypsin treatment (Wang and Ng, 2007).  
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Figure. 4.6. Comparison of activity index of S. marianum seed crude extracts and extract with 
and without heat and proteinase K treatment against fungal species.  
   

 From previous studies by Juodeikiene et al. (2013) and Hassan et al. (2009), it was found 

that ethanolic, methanolic and water extracts of Silybum marianum did not show inhibitory 

activity against fungal species especially against Aspergillus niger and Candida albicans 

whereas our results are not in accordance to the previous studies.  

 

Figure 4.7. Comparison of activity index of S. marianum crude extracts with and without heat 

and proteinase K treatment against four bacterial and fungal species.  
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 Antibacterial and antifungal activity upon comparison exhibited that the plant extracts 

had good antifungal potential as compared to the antibacterial potential (Fig 4.7). Increased 

resistance and solvent based extraction of the bioactive molecules may be the cause of such 

differences. Silybum marianum extract has been found to have a promising therapeutic 

advantage. However, effective dosage of these extracts needs to be optimized for treatment of 

different microbial infections and effect of the plant on other pathogenic organisms is also 

required.  

4.4. Minimum inhibitory concentration determination 

 Minimum inhibitory concentration (MIC) is determined as lowest concentration of a 

molecule to prevent a change in the color of the resazurin dye. Resazurin is an oxidation-

reduction indicator in cell viability for bacterial cells to measure aerobic respiration. Incubation 

of resazurin with growing culture provides a fluorecent indicator of metabolic activity.  

The species towards which extract showed good activity was subjected to MIC determination. 

Serial dilutions were performed to reach concentrations ranging from 5.9 mg/mL to 0.0116 

mg/mL prepared in 10% DMSO.  

 A concentration range of S. marianum crude extract from 2.97 mg/mL to 0.092 mg/mL 

was found to be sufficient enough to inhibit growth of the test microorganisms which indicates 

the effectiveness of the plant extract at lower concentration levels preventing growth of 

microbial species. Our findings showed sensitivity of bacterial species towards S. marianum 

crude extract in an order of Eschericia coli (MIC=0.185 mg/mL) > Bacillus subtilis (MIC=0.74 

mg/mL) > Pasteurella multocida (1.48 mg/mL) > Staphylococcus aureus (MIC= 2.97 mg/mL) 

(Figure 4.8 -A). Among fungal strains, it is found that S. marianum extract had greater inhibitory 

effect towards Ganoderma lucidum (MIC=0.371 mg/mL) as compared to Trichoderma 

harzianum (MIC= 1.485 mg/mL) and Fusarium solani (MIC=2.97 mg/mL) (Figure 4.8-B).  

 It was found that the plant extract was more effective on Gram negative bacteria as 

compared to Gram positive bacteria. Lowest MIC values towards E. coli, B. subtilis and G. 

lucidum indicate efficacy of the extract whereas high MIC values of P. multocida and S. aureus 

indicate that extracts were either less effective or that organisms had developed antibiotic 

resistance (Figure. 4.9). 
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                    A                                                              B 

Figure. 4.8. Minimum inhibitory concentration determination of S. marianum crude extract 

against bacterial (A) and fungal (B) species.  

 

 

Figure. 4.9. Comparative interpretation of the MIC of S. marianum crude protein extract against 

bacterial and fungal species. 

 Findings from Koperuncholan et al. (2012) were partly different from our results in 

which they studied different concentrations of chloroform and ethanolic hypocotyl callus and 

leaf callus (ranging from 6.25 mg/L to 50 mg/L) extracts of Silybum marianum for their 

antibacterial potential against Gram positive and Gram negative bacterial species and found the 

extract to be more potent to the Gram positive bacteria than Gram negative bacteria. Gram-

positive cell membrane is single layered, hence offers little or no resistance to the entry of 
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substances including antimicrobial agents.  In comparison, the resistance of Gram-negative 

bacteria towards penetration of antimicrobial agents has attributed to the multilayered cell 

membrane. The presence of active efflux pumps on the cell membrane is also believed to be 

participating in removal of antimicrobial agents from within the cell thus results in a very low 

ineffective concentrations in the cells (Pelegrini et al., 2011).   

 A similar trend was seen by Lee et al. (2012). They investigated silybin: A major 

bioactive component of Silybum marianum seed extract for its antibacterial potential. In addition 

to having antioxidant, anti-inflammatory, antiarthritic and chemopreventive efficacy on lung 

carcinoma, prostate cancer, breast carcinoma, hepatic disorder and colon carcinoma. It also 

showed potent antibacterial potential against Gram positive Bacillus subtilis and Staphylococcus 

species.  MIC and MBC values of this compound were in the range from 0.1 to 3.2 and 0.2 to 6.4 

μg /mL respectively. The differences in the concentration range of MIC of silybin and our results 

of crude Silybum marainum extract might be due to the presence of some interfering compounds 

present in the crude extract. 

 In another study, highest antimicrobial activities were found in fermented seeds of 

Silybum marainum to improve their sensory properties (flavour) using lactic acid bacteria, and a 

difference in terms of accumulation of higher alcohols and aroma compounds was revealed. 

Ultrasonic pretreatment of seeds also reduced the total amount of microorganisms in the raw 

material and proved to be antimicrobial and suitable additive for natural flavouring of baked 

goods (Juodeikiene et al., 2013).  

 Although concentration of plant extracts varies to effectively kill wide range of 

microorganisms, the efficacy differs depending on the type of extract, solvent used for 

extraction, composition and concentration of secondary metabolites, and test organisms used 

(Sandasi, 2008).    

 Present study shows that plant extracts were potent enough in exhibiting substantial 

antimicrobial activity towards dreaded pathogens like Bacillus subtilis, Staphylococcus aureus, 

Trichoderma harzianum and Ganoderma lucidum.  Based on extraordinary bioactivity against 

bacterial and fungal species, plant may be substituted as a potent micro-biocide after proper 

toxicity evaluation in plant and animal models.  
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4.5. SDS-PAGE analysis of bioactive crude extracts 

 Antimicrobial peptides based on their conserved domains are found in all organisms 

including vertebrates, invertebrates and plants. Although they are believed to be present in every 

plant and every tissue, however seeds have found to be a rich source of antimicrobial peptides 

for isolation, molecular and biochemical characterization.  

Bioactivity of the extract prepared from seeds was proposed to be protein/ peptide based by 

proteolysis and by studying protein profile of the crude extract at 12% SDS-PAGE.  

 From the SDS-PAGE pattern, it was observed that activity of the plant extract was 

protein/peptide based which was diminished upon heat treatment and enzymatic digestion with 

proteinase K (Fig 4.10). It was observed that some of the peptides were not denatured which 

might be due to the presence of protease inhibitors. Presence of more than one antimicrobial 

peptides in the extract may also be the cause of remaining antimicrobial activity which were not 

denatured or digested.  

                              L                        1                     2                     3    

 

Figure 4.10. SDS-PAGE of seed crude extracts with and without heat and proteinase K 

treatment.  Lane L: Ladder, 1: Seed crude, 2: Heat treated extract, 3: Proteinase K treated extract.  

  A slight reduction in antibacterial activity of Solanum stramonifolium seed extract related 

to its SDS-PAGE pattern indicated that there was no difference between proteoytic and non-

proteolytic crude extracts due to non degradation of proteins present in crude (Sarnthima and 

Khammuang, 2012). In another report by Phansri et al. (2010), diminishment of antibacterial 

activity of the Bauhinia acuminata crude extract after treatment with Proteinase K and pronase 

supports the responsible compound to be peptides (proteins) in the crude extract.  

(kDa)     

245      

180     

135      

100      

75      

63      

 48

 

 35      

      

 25    

 

      

17     

11     



50 
 

 Search for antimicrobials from higher plants is rewarding in terms of development of 

phytomedicines to reduce the effects of synthetic drugs however, further research is still required 

to determine the full spectrum of the efficacy of such bioactive peptides/proteins.  

4.6. Protein extraction of the fungus induced seedlings  

4.6.1. Fungal induction 

      The Silybum marianum based on its bioactive potential was germinated upto two leaf 

stage. Seedlings were subjected to fungal induction and harvested along with their respective 

control samples after 0, 2, 4, 6, 8, 12, 24 and 48 hour post inoculation (hpi). Plant samples were 

collected and preserved in liquid nitrogen prior to storage at -80 °C till further analysis (Falak 

and Jamil, 2013). 

4.6.2. Protein concentration determination 

Proteins from the control and fungal treated tissue were extracted at different time points 

from 0 to 48 hour post inoculation and concentration was determined against bovine serum 

albumin (BSA) (Fig. 3.1) as a standard.  

 Induction of a fungal pathogen to the host plant may provide early leading edges to 

defend themselves in the form of RNA and protein synthesis. Elicitors released from the cell wall 

of Fusarium solani (phytpathogen) elicit a broad range of host defense responses. The defense 

responses mostly include synthesis of hydrolytic enzymes, chitinases, β-1,3-glucanases and 

enhanced level of many proteins including pathogenesis related (PR) proteins. PR proteins have 

the potential to be directly antifungal, such as defensins (Hadwiger, 2013). Although these 

components are initially present, albeit in lesser amounts in healthy tissues. However, increased 

production of these molecules is evident after inoculation with pathogens such as Fusarium 

solani. (Mauch et al., 1988; Mauch and Staehelin, 1989). 

 According to our results, it was observed that there was a consistent increase in total 

protein contents extracted after inoculation with Fusarium solani up to 8 hour post inoculation 

(hpi) when a side by side comparison between control and infected protein contents was made.  

Although protein expression level remained little changed during early hours of post inoculation 

with a maximum protein expression at 8 hpi, the expression level dropped by 12 hpi while a 

declined expression at 72 hpi was also observed (Figure. 4.11). Results show that there was a 

constant expression of proteins at different stages of growth with addition of some proteins or 

peptides induced in response to fungal stress. (Appendix VIII).  

 



51 
 

 

Figure 4.11. Graphical presentation of protein concentrations of control and treated Silybum 

marainum extract at different time points.  

 According to Hadwiger et al. (1981), fungal cell wall components normally enter in the 

plant cell within 15 minutes after inoculation and there is an accumulation of defense related 

molecules up to 10 hour post inoculation that may contribute to the stabilization of fungal growth 

suppression. They studied detailed interaction of Fusarium solani with pea and bean to 

understand the disease resistance response of the pathogens to plants (Hadwiger, 2007).  In 

immature pea pods infected with pathogens or treated with elicitors, the activities of chitinase 

and β-1,3-glucanase were rapidly and reproducibly increased after a lag phase of 4 to 8 h.  

According to one study, non-detectable level of gene transcripts was found at 0 hpi wherease an 

accumulation of defense response genes encoding pathogenesis related proteins PR-1, PR-2, PR-

3, PR-4, PR-5 and PR-10 were found as an early defense response during successive hours. 

Defense response genes involved in fungal growth suppression normally accumulate as early as 

2-4h hpi after treatment with chitosan and peaks at 10 hpi (Chiang and Hadwiger, 1990).  

 4.6.3. SDS-PAGE analysis of control and fungus induced protein extracts 

In order to investigate the expression pattern, proteins extracted at different time points 

from control and treated tissue were analysed at 12 % SDS-PAGE gel. A range of high 

molecular weight as well as low molecular weight proteins and peptides were expressed in 

control and treated tissues, differential expression of proteins was also observed (Fig. 4.12) 

 

45

46

47

48

49

50

51

52

53

54

55

0hpi 2hpi 4hpi 6hpi 8hpi 12hpi 24hpi 48hpi 72hpi

C
o
n
ce
n
tr
at
io
n
 (
m
g/
m
L)

Treated

Control



52 
 

 

                L              0hT       0hC       2hT           2hC        4hT    4hC    8hT   8hC           12hT   12hC  24hT 24hC 

      
                                                                                     L      48hC      48hT                    72hC     72hT     

 

Figure 4.12. SDS-PAGE of control and fungus induced protein extracts at different time points 

from 0 h Control (0 h C) and treated (0 hT) up to 72 h Control (72 hC) and treated (72 hT).  

 SDS-PAGE profile showed different molecular weight proteins and peptides ranging 

from 2 kDa to 100 kDa with major protein bands between 10-15 kDa, the bands of less than 10 

kDa at different time points in control and treated tissues were observed. Bands of high 

molecular weight were also visible.  There was a slight change in the expression pattern of 

fungal induced protein extracts indicating that there was differential expression of 

proteins/peptides between induced and the control tissues which might be due to the up or down 

regulation of some antimicrobial/defensin peptides and proteins in response to fungal stress (Fig 

4.11).    
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  Induced defense system of plants mostly consists of the proteinacious compounds with 

antimicrobial activity including defensins, thionins, pathogenesis related proteins and cell wall 

degrading enzymes and have been isolated from different plant parts.    

 There are several reports on peptides/ proteins in a range of 2 kDa to 15 kDa with a broad 

spectrum antimicrobial activity, same have been isolated from various plant sources. 

Antimicrobial peptides were isolated from Zea mays (4 kDa), and Macadamia integrifolia (8 

kDa), Solanum tuberosum (2 kDa) and Vigna radiate (5.5 kDa). (Duvick et al., 1991; Marcus et 

al., 1999; Lobo et al., 2002 and Liu et al., 2006) wherase a protein (17 kDa) was isolated from 

pea plant after Fusarium solani challenge and is reported to be involved in host pathogen 

interaction (Chiang and Hadwiger, 1990). Seed crude of the Crotalaria pallida was found to be 

rich in peptides of a range from 6 kDa to 45 kDa and a novel plant peptide with molecular mass 

of 5.3  kDa named as Cp-AMP was purified and characterized from seeds of Crotalaria pallid 

(Pelegrini et al., 2009). Tris-tricine SDS-PAGE revealed an antifungal protein of molecular mass 

of 30 kDa and was isolated by Hyunh et al., (2001) from Engelmannia pinnatifida.  A purified 

peptide of 10 kDa from Capsicum annum showed high sequence homology to lipid transfer 

protein and exhibited strong fungicidal activity against human pathogen Candida albicans Diz et 

al., (2006). Tonon et al., (2002) isolated a protein with molecular mass of 39 kDa from Potato 

cultivar wherase a peptide (14.4 kDa) and a protein (50 kDa) with antimicrobial activity was 

purified from Moringa oleifera and Croton tiglium respectively by Shahid, (2007). 

  Our results conclude that Silybum marianum is a rich source of proteins/peptides in a 

range of 2-100 kDa and most of those were antimicrobial in nature. Reduced activity upon 

proteolytic hydrolysis and heat denaturation also confirmed the protein/peptide based 

antimicrobial potential of the plant.  

4.7. Antimicrobial activity assay control and fungus induced protein extracts 

 Antimicrobial activity of the control and treated protein extract was performed by disc 

diffusion assay to confirm the maintenance of bioactivity after induction of the plant with 

Fusarium solani at different time points.  

4.7.1. Antibacterial assay 

 With respect to zones of inhibition (Appendix IX), strong antibacterial potential of all 

time points was found showing the maintenance of activity after fungal induction (Fig 4.13-

4.16).  With respect to zones of inhibition, where all time points showed potential inhibitory 

zones, 8 h control and its treated time point showed significant difference (P < 0.05) from all 
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other time points but were statistically non-significant among themselves when tested against 

Pasteurella multocida (Fig 4.13). Presence of one or more antimicrobial proteins was predicted 

in all the time points with same or different biological activities. fGram negative bacteria were 

found to be more susceptible to the crude extract (discussed above), same trend was seen in the 

protein extracts after fungal induction (Fig 4.14) with the exception that E. coli which showed 

more susceptibility to the molecules present in the crude extract. Combined action of proteins 

and other secondary compounds might be responsible for such variation. Among Gram positive 

bacterial species Bacillus subtilis (Fig 4.15) was found to be susceptible to all the time points 

followed by Staphylococcus aureus (Fig 4.16) which is considered a more resistant strain among 

all.                           

 Activity indices of 0 hpi-72 hpi were found to be almost similar (Appendix X). There was 

no remarkable difference among all the time points against four bacterial species tested except 

for P. multocidaa at 8 hpi which showed somewhat higher activity index as compared to the 

other species (Fig 4.17). 

 

 
Figure 4.13. Antibacterial activity of control (C) and treateded (T) protein samples of Silybum 

marianum against Pasteurella multocida at different time points: 0hpi (0h C and 0h T), 2hpi (2hC 

and 2 hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 hpi (12 hC and 12 

hT), 24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 72 hT) upto 72 h 

control and treated. +ve C= Positive control (Chloramphenicol, 6 mg/mL).-ve C= Negative control 

(buffer). 
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Figure 4.14. Antibacterial activity of control (C) and treateded (T) protein samples of Silybum 

marianum against Escherichia coli at different time points: 0 hpi (0h C and 0h T), 2 hpi (2 hC and 2 

hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 hpi (12 hC and 12 hT), 

24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 72 hT) upto 72 h control 

and treated. +ve C= Positive control (Chloramphenicol, 6 mg/mL).-ve C= Negative control (buffer). 

 

 

Figure 4.15. Antibacterial activity of control (C) and treateded (T) protein samples of Silybum 

marianum against Bacillus subtilis at different time points: 0 hpi (0h C and 0h T), 2 hpi (2 hC and 2 

hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 hpi (12 hC and 12 hT), 

24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 72 hT) upto 72 hcontrol 

and treated. +ve C= Positive control (Chloramphenicol, 6 mg/mL).-ve C= Negative control (buffer). 
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Figure 4.16. Antibacterial activity of control (C) and treateded (T) protein samples of Silybum 

marianum against Staphylococcus aureus at different time points: 0 hpi (0h C and 0h T), 2 hpi (2 

hC and 2 hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 hpi (12 hC 

and 12 hT), 24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 72 hT) 

upto 72 hControl and treated. +ve C= Positive control (Chloramphenicol, 6 mg/mL).-ve C= 

Negative control (buffer). 

 
Figure.4.17. Graphical presentation of activity indices from control (C) and treateded (T) protein 

samples (0 hpi-72 hpi) of Silybum marianum against four bacterial species. Activity index (AI) = 

Average zones of inhibition of test sample/average zones of inhibition of standard. 

 Based on high protein contents (section 4.6.2) and remarkable antibacterial potential, 8 

hpi was predicted to be the source of antimicrobial proteins and was selected for further 
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experiments.                

4.7.2. Antifungal assay         

 Where all the time points were tested against fungal strains, Fusarium solani showed 

remarkable inhibitory zones to the standard as well as control and induced protein extracts 

(Appendix XI) (Fig. 4.18). As per previous discussion, it was found that Fusarium solani was 

more susceptible to the plant extracts but with respect to activity index, antifungal activity of 

Silybum marianum was found to be reduced as compared to other fungal strains. Trichoderma 

harzianum, however, showed strong zones of inhibition (Fig 4.19) amog all the strains tested 

followed by Ganoderma lucidum and Alternaria alternata (Fig 4.20). Activity index of 

Trichoderma harzianum was also found remarkable (Fig 4.21). (Appendix XII).  

 

 
 

Figure 4.18. Antifungal activity of control (C) and treateded (T) protein samples of Silybum 

marianum (Milk thistle, M.T) against Fusarium solani at different time points: 0 hpi (0h C and 0h 

T), 2 hpi (2 hC and 2 hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 

hpi (12 hC and 12 hT), 24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 

72 hT) upto 72 h control and treated. +ve C= Positive control (Fluconazole, 25 mg/mL).-ve C= 

Negative control (buffer). 
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Figure 4.19. Antifungal activity of control (C) and treateded (T) protein samples of Silybum 

marianum (Milk thistle, M.T) against Trichoderma harzianum at different time points: 0 hpi (0h C 

and 0h T), 2 hpi (2 hC and 2 hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 

hT), 12 hpi (12 hC and 12 hT), 24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 

hC and 72 hT) upto 72 h control and treated. +ve C= Positive control (Fluconazole, 25 mg/mL).-ve 

C= Negative control (buffer). 

 

 
 

Figure 4.20. Antifungal activity of control (C) and treateded (T) protein samples of Silybum 

marianum against Alternaria alternata  at different time points: 0 hpi (0h C and 0h T), 2 hpi (2 hC 

and 2 hT), 4 hpi (4 hC and 4 hT), 6 hpi (6 hC and 6 hT), 8 hpi (8 hC and 8 hT), 12 hpi (12 hC and 12 

hT), 24 hpi (24 hC and 24 hT), 48 hpi (48 hC and 48 hT) and 72 hpi (72 hC and 72 hT) upto 72 h 

control and treated. +ve C= Positive control (Fluconazole, 25 mg/mL).-ve C= Negative control 

(buffer). 



59 
 

 

Figure. 4.21. Graphical presentation of activity indices from control (C) and treateded (T) 

protein samples (0 hpi-72 hpi) of Silybum marianum against four fungal species. Activity index 

(AI) = Average zones of inhibition of test sample/average zones of inhibition of standard. 

 Non-significant difference between standard and the protein extracts showed the potential 

of extract comparable to the standard drug.  A varying trend in terms of activity index of control 

and induced samples demonstrated the presence of some protein/peptide with antifungal 

potential that was non-inducible and had a constitutive expression during normal growth and 

development of the plant.   

4.8. Protein purification 

 Study of biochemical functions, evolutionary relationship and amino acid sequence of a 

purified protein is actually not to waste pure thoughts on an impure protein. So, one type of 

molecule which can be only a fraction of 1% of the starting material can be obtained from a 

complex mixture of proteins by purification processes. Protein mixtures can be subjected to 

different separation and purification processes each based on a different property.  Protein and 

peptide separation and their subsequent analysis should include steps needed to isolate and 

purify proteins and peptides ensuring an unbiased reliable map that gives an accurate 

representation of all peptides/proteins initially present in a plant extract. Our previous results 

have demonstrated that antimicrobial peptides were usually less than 10 kDa, thus 

protein/peptide extract was subjected to dialysis followed by ultrafiltration by using size based 

dialysis and ultrafiltration tubings.  
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Dialysis is a simple and diffusion based purification process for the separation of 

proteins through semipermeable membrane. The dialysis membrane retains the molecules 

having dimensions greater than pore diameter inside the dialysis bag or device whereas smaller 

molecules and ions traverse out the dialysis membrane.  

 Ultrafiltration is a selective separation step used to both concentrate and purify medium 

to high molecular weight dialysed components such as plant proteins. It is routinely employed to 

enrich bioactive peptides from protein hydrolysates. Ultrafiltration membrane reactors yield a 

consistently uniform product with desired molecular mass characteristics. Stepwise ultrafiltration 

using cut-off membranes of low molecular mass have been found useful for separating out small 

peptides from high molecular mass residues and remaining enzymes.  

  The selected protein solutions were placed in a dialysis device, Spectra/Por Float-A-

Lyzer, and the sample was dialyzed against ammonium format buffer (pH 2.7) with subsequent 

ultrafiltration to collect low and high moleclar mass proteins/peptides separately.  

 Following ultrafiltration, a bioassay was developed against E. coli using microtiter dishes 

to confirm the maintenance of bioactivity during each purification process. Crude and protein 

extract prepared at 8 hpi was again screened for its bioactive potential and was then subjected to 

dialysis followed by ultrafiltration in size based (MWCO= 10kDa) tubings. 

 Residue (high molecular weight) as well as filtrate were collected and were subjected to 

bioassay to check the maintenance of bioactive potential. Bioassay based screening was planned 

against E.coli. Bacterial culture was added into microtiter plate along with protein extracts and 

hourly based reading was measured and plotted (Fig. 4.22). 

From the curve plotted, it was found that ammonium format buffer (negative control) and 0 h 

control sample had no effect on bacterial growth whereas 0 h and 8 h induced samples had less 

inhibitory effects on bacterial growth as compared to the 8 h control which was found to be in 

equivalence to the positive control. It can be clearly observed that high molecular mass proteins 

present in the residue were responsible for inhibitory effect of bacterial growth.  

 Filtrate obtained from ultrafiltration was also screened for its bioactive potential in the 

same experiment as mentioned in section 3.7.3 and it was found that there were some peptides 

responsible for the inhibitory activity of the bacteria in 0 h control and 8 h induced samples 

(Figure 4.23). Inhibitory activity of the 8 h induced sample was found to be highly remarkable 

which might be due to the presence of antimicrobial peptide with a molecular mass of less than 

10 kDa.  
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Figure 4. 22.  Bioassay of ultrafiltered (residue) S. marianum protein samples against E.coli in 

microtiter plate at different time points.  

 
 
Figure. 4.23. Bioassay of ultrafiltered (filterate) S. marianum protein samples against E.coli in 

microtiter plate at different time points.   

 Our findings partially consent with those of Turgeon and Gauthier (1990) who used a 

two-step ultrafiltration process and were able to produce a mixture of polypeptides and a fraction 

rich in small peptides with a molecular mass below 2000 Da. From Pihlanto et al. (1996) applied 

selective ultrafiltration membranes (30 and 1 kDa) for the enrichment of opioid peptides (α and 

β-lactorphin) from pepsin-hydrolysed α-lactalbumin (α-la) and from pepsin and trypsin 

hydrolysed β-lg, respectively. Hence it was confirmed that the bioactivity of the extract was due 

to the antimicrobial peptides smaller than 10 kDa.  
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4.9. High throughput bioactivity screening 
 Peptides are becoming most promising perspective for the future drug development, thus 

integration of highly sensitive approaches represent good starting matrices for optimization, 

isolation and characterization of bioactive peptides. 

 Confirmation of peptide based activity was made by high-throughput screening in 96 well 

plates using the appropriate culture medium and was subjected to automated antibacterial assay.  

The assays were designed to test twenty-four compounds per plate at a single dose against E.coli, 

Bacillus subtilis and Mycobacterium tuberculosis. 

 This assay measures cell viability and is based on the reduction of resazurin to resorufin. 

Plates are incubated at 37°C until sufficient color development has occurred (usually 2–6 hours\ 

depending on cell line). Product is then measured spectrophotometrically at 490 nm with a 

reference wavelength of 650 nm. The optical density (O.D.) value of each culture is a function of 

the amount of resorufin produced which is a fluorecent indicator of metabolic activity and is 

proportional to the number of viable cells. 

It was found that although purified extracts of Silybum marianum were active against Bacillus 

subtilis and Mycobacteriunm tuberculosis but results were highly supporting the above stated 

bioassay in terms of optical density of E.coli. Therefore, it was confirmed that activity of the size 

filtered extracts was due to the presence of antimicrobial peptides less than 10 kDa which was 

responsible for the reduced growth of the microorganisms (Figure. 4.24).   
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Figure. 4.24. High throughput bioactivity screening of the purified 0 h control, 0 h treated, 8 h 

control and 8 h treated extracts of Silybum marianum against Bacillus subtilis, E. coli and 

Mycobacterium tuberculosis.  

4.10. DPPH radical scavenging activity 

Antioxidant activity of the extracts as well as standard (ascorbic acid) was assessed on 

the basis of scavenging effect of DPPH as free radical activity. DPPH due to its ease and 

convenience is widely used for radical scavenging assessment. Percent scavenging potential of 

crude extract was determined by DPPH radical. Antioxidant molecules present in an extract 

results in the scavenging of DPPH radical which is visualized by color change.  Results of 

antioxidant assay showed that Silybum marianum extract exhibited an appreciable DPPH radical 

scavenging ability (P<0.05) in a concentration dependent manner as shown in Figure 4.25. 

Percentage inhibition activity of the crude extract in a concentration range of 60-3.25 mg/mL in a 

twofold dilution series showed appreciable antiradical activity with percentage inhibition of 

about 65 % to 28 % (Table 4.3). Highest antioxidant activity in terms of percentage inhibition 

was measured at 60 mg/mL with consistent decrease in antioxidant activity as per decrease in 

concentration (Figure 4.25).    
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Table. 4.3. Antioxidant activity determination values from Silybum marianum extract at 

different concentrations. The values bearing different letters are significantly different (P<0.05) 

 
Concentration(mg/mL)  Mean (% inhibition)±SE 

60  65.60±0.26b 

30  53.53±0.18c 

15  49.27±0.18d 

7.5  37.30±0.06e 

3.25  28.47±0.12f 

positive C  93.28±0.15a 

Overall Means  54.57±5.08 

 

Table. 4.4. Analysis of variance table (ANOVA) of antioxidant activities from Silybum 

marianum extracts. 

Source of 
Variation 

Degree of 
Freedom 

Sum of Squares Means Squares F-Value 

Between Groups 5 7886.111 1577.222 18388.497** 

Within Groups 12 1.029 .086  

Total 17 7887.141   
** = Significant at P≤0.01  

 

 

 

 

 

 

 

 

 

 

Figure 4.25. Free radical scavanging activity determination of different concentrations of S. marianum 
extracts. Error bars are standard deviations of three independent determinations (P<0.05). 
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 The findings of present research revealed that plant activity might be due to the presence 

of tannins and flavonoids acting possibly as primary antioxidants which can be used for lowering 

of lipid oxidation process.  

Chemical constituents in crude extracts like tannins, reducing sugars and 

proteins/peptides collectively may also be responsible for free radical scavenging activity. A 

bioactive component of Silybum marianum seed extracts has been found to be silymarin 

responsible for antioxidant activity of the plant. Silymarin constitutes 65-85% flavonolignans 

and 20-30% flavonoids and polyphenolics. Commercial silymarin standard solution was 

compared with the S. marianum ethanolic extract by Hadaruga and Hadaruga, (2009).  Free 

radical reaction rate was calculated in time-dependent manner and best result was obtained from 

S. marianum extract with double DPPH reaction rate compared to the commercial silymarin 

standard solution.  

 Akkaya and Yilmaz, (2012) showed that Silybum marianum methanolic extract had 

statistically insignificant DPPH free radical scavenging activity as compared to Quercetin: a 

positive control. It was also observed that the level of lipid peroxidation was reduced due to the 

presence of flavonoid ingredients in S. marianum methanolic extracts. Flavonoids were found to 

protect unsaturated fatty acids from attack of free radical and their relationship with phenolic 

compound contents was also reported. Ethanolic extract of S. marianum was also studied by 

Ramadan et al. (2011) for its antioxidant and hepatoprotective effects on rat liver function and 

was found to be highly antioxidant with significant increase of superoxide anions, and lipid 

oxygen radicals due to lipid peroxidation. Effect of the extracts on liver function was also studied 

by Shaker et al. (2010) on the cleavage of hepatotoxins leading to the formation of highly 

unstable free radicals.    

Behaviour of S. marianum plant inoculated with Fusarium solani was also studied in 

order to understand how plants deal with oxidative stress. Different time points were studied to 

check the response of plant towards the invading pathogens.   
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Table. 4.5. Antioxidant activity determination values from Silybum marianum extract at different time 

points. The values bearing different letters are significantly different (P<0.05). 

Time points 
(hr) 

Control Treated Mean 

0h 24.00±0.58i 31.00±0.58g 27.50±161F 

2h 39.00±0.58f 46.00±0.00d 42.50±1.59D 

4h 47.00±0.58cd 52.00±0.58b 49.50±1.18B 

8h 49.00±0.58c 56.00±0.58a 52.50±1.61A 

12h 43.00±0.00e 46.00±0.58d 44.50±0.72C 

24h 38.00±0.58f 43.00±0.58e 40.50±1.18E 

48h 27.00±0.58h 32.00±0.58g 29.50±1.18G 

Mean 38.14±1.98B 43.71±1.95A 40.93±1.44 

Mean sharing similar letter in a row or in a column are statistically non-significant (P>0.05). 

Table. 4.6. Analysis of variance table (ANOVA) of antioxidant activities from different time 

point extracts of Silybum marianum. 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means 
Squares 

F-Value 

Group (G) 1 325.929 325.929 380.250** 

Hour (H) 6 3202.286 533.714 622.667** 

G x H 6 20.571 3.429 4.000** 

Error 28 24.000 0.857  

Total 41 3572.786   

             ** = Significant at P≤0.01 

 

Figure. 4.26. Antioxidant activity determination of different time point extracts of S. marianum control 
and treated extracts. Error bars are standard deviations of three independent determinations (P<0.05).  
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It was observed that there was a consistent increase in free radical scavenging potential of 

protein extracts after inoculation with Fusarium solani up to 8 hour post inoculation (hpi).  

Although expression level of the responsible protein/peptide remained little changed during early 

hours of post inoculation (Table 4.5). There was a remarkable expression at 8 hpi (P>0.05) which 

sustained for 12 hpi while a declined expression at 48 hpi was also observed when a parallel 

comparison between control and infected protein contents was made (Figure 4.26). It might be 

due to the activation of bioactive peptides at that time point which can also act as defensin. 

Induced defense system of plants have been found to be mostly comprised of the proteinacious 

compounds with varying bioactivity including antioxidants, defensins, thionins, pathogenesis 

related proteins and cell wall degrading enzymes and have been isolated from different plant 

parts (Hadwiger, 2008).         

 From previous reports of antioxidant activities of different Silybum marianum extracts 

(Shaker et al., 2010; Ramadan et al., 2011; Akkaya and Yilmaz, 2012) and from our remarkable 

protein/peptide based antioxidant activity, it is concluded that plant is rich in proteinacious 

antioxidants and extract can hold some promise for use as a plant derived antioxidant for 

medicinal application. It may be useful for curing diseases arising from oxidative deterioration 

and can be investigated as a new possible source of antioxidants for its applications in food, 

pharmaceutical and cosmetic industries.              

4.11. Cytotoxicity test        

 Cytotoxicity is defined as the adverse effects resulting from interference with structures 

and/or processes essential for cell survival, proliferation, and/or function. These effects may 

involve the integrity of membrane, cellular metabolism, the synthesis and degradation or release 

of cellular constituents or products, ion regulation, and cell division (Razak et al., 2007). Table 

4.7. shows cytotoxic activity to both Hep 2 and HFL1 cell lines. The %age cytotoxicity values of 

seeds and seedlings extracts was found to be 6.48% and 5.29% respectively which revealed that 

the seeds and seedlings almost had no cytotoxicity. Silymarin and silybin have been found to 

have cytoprotective effects in the seed extract and utilization of proteins and other defensive 

compounds during seed germination and could be the reason of less percentage of the toxicity of 

seedlings than seeds. 
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Table. 4.7. Determination of cytotoxicity of control and fungus induced protein extracts 

Sample           % cytotoxicity 

Seed crude 
6.5±0.02h 

Seedling crude 
5.3±0.02h 

8hC  
15.6.±0.40d 

8hT  
17.5±0.40c 

Positve control(Triton X‐
100) 

99.5±0.01a 

Negative control(PBS) 
0.00±0.00i 

 However cytotoxic effect of control and its induced sample was somewhat higher as 

compared to the seed and seedling crude extracts (Figure 4.27) indicating that some bioactive 

peptides in addition to antimicrobial activity also show cytotoxic effects on malignant cells 

(Hartman et al, 2014). Silymarin and silybinin have been found to have cytoprotective effects on 

mouse liver cells, rat tracheal tissues and human testicular cancer cell lines when exposed to 

carcinogens.  

 

Figure.4.27. Cytotoxicity determination of S. marianum extracts.  Error bars are standard 

deviations of three determinations.  

The finding from our results suggested the safe use of all the extracts prepared from S. marianum 

of with no cytotoxicity effect to normal cells. 
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4.12. Hemolytic activity 

Several peptides in addition to antioxidant and antimicrobial activity have been reported 

to exhibit cytotoxic activity against eukaryotic cells. Hemolytic assays are performed because 

compounds possessing potent biological activity may be harmful in pharmacological 

preparations if they possess hemolytic effect. In addition, these data also may reveal some 

information about the mechanism of cytotoxicity. Therefore, S. marianum crude extract in which 

peptides were expected as antioxidants were also evaluated for their hemolytic effect against 

human erythrocytes at different concentrations. Table 4.8 indicates that the highest concentration 

60 mg/mL showed significantly highest hemolysis. The hemolytic effect increased linearly as the 

concentration increased from 3.25 mg/mL to 60 mg/mL. The difference in the cell lysis between 

7.5 mg/mL and 3.25 mg/mL S. marianum extract concentrations did not vary significantly. 

However, overall activity was significantly different from control (P>0.05) which showed 100% 

lysis of red blood cells (Figure 4. 28).           

Table. 4.8. Hemolytic activity determination values from Silybum marianum extract at different 

time points. The values bearing different letters are significantly different (P<0.05). 

Concentration Mean±SE 

60 20.33±0.33b 

30 16.20±0.12c 

15 12.47±0.18d 

7.5 9.20±0.06e 

3.25 7.30±0.06f 

positive C 99.32±0.16a 

Overall Means 27.47±7.86 
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Table.4.9. Analysis of variance table (ANOVA) of antioxidant activities from different time 

point extracts of Silybum marianum. 

Source of 
Variation 

Degree of 
Freedom 

Sum of Squares Means Squares F-Value 

Between Groups 
5 18919.705 3783.941 40162.119** 

Within Groups 12 1.131 .094  

Total 17 18920.835   

** = Significant at P≤0.01 

 

Figure. 4.28. Antioxidant activity determination of different time point extracts of S. marianum 
control and treated extracts. Error bars are standard deviations of three independent 
determinations (P<0.05). 

In order to correlate the bioactivity of the extract to the induced defense action of plant 

peptides, hemolytic activity of the control and their treated extracts was also studied.  

 It was observed that there was no significant difference among all the time point extracts, 

however hemolysis was significantly different (P>0.05) from the positive control which showed 

100 % hemolysis comparative to the control and their induced extracts (Figure 4.29). Hemolysis 

of erythrocytes is the direct indication of membrane toxicity. Percentage lysis of human 

erythrocytes was less than 7.0% for all samples used in the experiment indicating that all the 

values are in safe range. Results indicates that extracts could not induce hemolysis even after 

stress treatment as similar hemolytic profile have been observed for all time points and could not 

enhance toxicity by time.  
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Table. 4.10. Hemolytic activity determination values from Silybum marianum extract at different 

time points. The values bearing different letters are significantly different (P<0.05). 

Time 
points (hr) 

Control Treated Mean 

0h 6.41±0.05 6.42±0.04 6.41±0.03B 

2h 6.47±0.04 6.50±0.23 6.49±0.10AB 

4h 6.49±0.06 6.60±0.06 6.55±0.04AB 

8h 6.50±0.05 6.73±0.12 6.62±0.08AB 

12h 6.65±0.03 6.86±0.08 6.76±0.06A 

24h 6.58±0.04 6.67±0.12 6.63±0.06AB 

48h 6.57±0.09 6.60±0.06 6.58±0.05AB 

Mean 6.52±0.02B 6.62±0.05A 6.57±0.03 

Table. 4.11. Analysis of variance table (ANOVA) of antioxidant activities from Silybum 
marianum extracts. 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means 
Squares 

F-Value 

Group (G) 1 0.106 0.106 4.207* 

Hour (H) 6 0.434 0.072 2.873* 

G x H 6 0.069 0.012 0.459NS 

Error 28 0.706 0.025  

Total 41 1.315   

                ** = Significant at P≤0.01  NS = Non-significant  
 

 
Figure. 4.29. Antioxidant activity determination of different time point extracts of S. marianum 

control and treated extracts. Error bars are standard deviations of three independent 

determinations (P<0.05). 
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This study highlights the great medicinal interest of S. marianum and favors for further 

research aimed at elucidating the chemical composition of the plant. Moreover, antioxidant 

peptides produced as a result of stress treatment had no toxic effects on red blood cells as well.  

So, the plant may be safe pharmacologically as a source of potential drug and its application can 

be flourished as a successful pharmaceutical drug in practice. 

4.13. Mutagenicity test 

 Identification of chemicals or compounds capable of inducing mutations is crucial in 

safety assessment since mutagenic compounds can potentially induce cancer. A change in 

bacterial growth requirement is usually caused by gene mutations and is identified by Ames test. 

Ames test is one of the primary test systems used for evaluation of cytotoxicity and mutagenicity 

on human cell lines and is conducted using Salmonella typhimurium.     

 Silybum marianum extracts were studied for mutagenic effect and it was found that all 

extracts showed negative results against both strains of Salmomnella typhimurium (Table. 4.12).  

 Non-mutagenicity of the crude extract might be due to the presence of flavonolignans 

(Figure 4.30) wherase negative results of the protein extract showed the presesnce of some 

proteinacious compounds responsible for the non-mutagenic potential of the plant.  

 Our result was also supported by the finding of Luseba et al. (2007) for dichloromethane 

and 90% mehtanolic extracts of S.narianum, which showed significant antibacterial activity but 

no mutagenicity in the S. typhimurium Ames test (strain TA98). The methanolic extracts of 

Fagonia cretica also have antitumor and cytotoxic activity but no mutagenic activity was shown 

by Hussain et al. (2007). 

 Table 4.12. Mutagenicity of the seed, seedling, control and induced extracts of Silybum 

marianum against Salmonella typhimurium TA98 and TA100 strains.  

Samples Mutant well count for 
TA98 /96  

Mutant well count 
for TA100/96   

Interpretation   

Seed crude   8 0 Non-Mutagenic   

Seedling crude   0 8 Non-Mutagenic   

8 hpi C  9 7 Non-Mutagenic  

8 hpi T  0 8 Non-Mutagenic  

Background  14 17   
K2Cr2O2   92 94 Mutagenic   

NaN3   90 93 Mutagenic  
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Figure. 4. 30. Graphical presentation of mutagenecity of the seed, seedling, control and induced 

extracts of Silybum marianum against Salmonella typhimurium TA98 and TA100 strains.  

  Silymarin: a polyphenolic flavonoid isolated from Silybum marianum is widely used for 

treatment of liver diseases and was also tested for its mutagenic activity by using Ames bacterial 

reverse mutation assay by Kaleeswaran et al., 2009. Silymarin was found to be stronger 

antimutagen against 2-aminofluorene and 4-nitroquinoline N-oxide and showed stronger 

antimutagenic activity in the post-treatment with 2-aminofluorene and 4-nitroquinoline N-oxide 

in TA97a and TA98 strains.  

 Suplementation of silymarin has been found to be effective in suppression of DNA 

damage induced by N-nitrosodiethylamine (NDEA) in rats. Silymarin might have beneficial 

chemopreventive roles against hepatocarcinogenesis through their antioxidant, antiangiogenic 

and antigenotoxic activities (El Mesallamy et al., 2011). With our findings, negative 

mutagenicity test suggests that plant is safe for use.  

4.14. Biofilm inhibition assay 

 Irrational use of antimicrobial agents has resulted in an increased resistance of microbial 

strains even to the combination therapy which was considered as an answer to antibiotic 

resistance. Major cause of increased resistance to antibiotics and detergents is the community of 

microorganisms embedded in 3-dimensional and amorphous extracellular polymeric substances 

called “biofilms”. Biofilms are composed of polysaccharides, proteins and extracellular DNA 

and have been implicated in a wide range of clinical and industrial settings (Chamdit and 

Siripermpool, 2012). Ineffectiveness and resistance of antibiotic treatment leads to substantial 
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economic loss in engineering systems as well as affects human life in terms of food, environment 

and public health (Sandasi, 2008). Transportation of antibiotics or biocides is limited due to 

formation of thick layers leading to slow diffusion of these compounds through the extracellular 

polymeric substances. Attachment of biofilm cells to the extracellular polymeric substances not 

only protects microbes from diverse environment but also enables them to colonize new sites and 

spread as a monolayer on the biotic and abiotic surfaces (Stoodley et al., 2004). 

  Staphylococcus aureus, one of the most important biofilm producing pathogen is used to 

study due to its frequency of disease prevelance, pathogenic characteristics and unusual survival 

under adverse environmental conditions. Staphylococcal biofilm is therefore difficult to eradicate 

and is a source of many recalcitrant infections (Chusri et al., 2012).  

 Increased complexity and resistance to conventional therapy have prompted researchers 

to identify plant-derived alternatives for treatment of infections. Plant derived substances 

including crude extracts and individual biologically active constituents in this regard have 

become the interesting choices.  

 Inhibitory effects of Silybum marianum crude and treated extracts were investigated on 

the development of Staphylococcus aureus biofilms. Biofilm formation of S. aureus was 

evaluated by crystal violet staining technique. Inhibition was expressed as percentage values 

with the most active extract showing the highest percentage inhibition and vice-versa (Table 

4.13).  Silybum marianum extract concentrations added were in a range of 5.4 mg/mL to 6.6 

mg/mL and reduction in biofilm formation was measured at 630 nm using ELISA reader 

spectrophotometer. Effect of seed crude extract on S. aureus biofilm was different in comparison 

to seedling crude extract. The inhibition frequency of S. aureus biofilm was much lower in 

seedling crude as well as protein extract prepared at 8h control sample.  Seed crude extracts and 

8h post inoculation samples showed good activity against the S. aureus with percentage 

inhibition of 45.67% and 40.55% respectively (Fig. 4.31).  
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Table. 4.13. Biofilm inhibition assay of seed, seedling and treated extracts against S. aureus. 

Sample 0.D 
Biofilm inhibition (%) 

Seed crude 0.151 45.7±1.42f 

Seedling crude 0.427 2.8±0.10i 

8hC 0.428 2.5±0.01i 

8hT 0.261 40.5±0.01g 

Positive control 0.439 100±0.00a 

Negative control 0.786 0.00±0.00j 

 

 

Figure. 4.31. Graphical presentation of Biofilm inhibition assay against S. aureus of different 

S.marianum extracts. Error bars are standard deviations of three determinations.  
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     A. Biofilm formation                            B. Positive Control                       C. negative control 

 

                D. seed crude (100X)                                   E. Seedling crude                                                                             

 

                   F. S.marianum 8C                               G.  S.marianum 8i               

Figure. 4.32. Microscopic presentation of different Silybum marianum extracts for biofilm 

inhibition against Staphylococcus aureus. A-G.      

 It can be concluded that differences in the susceptibility of the S. aureus to these different 

extracts not only depends on the phenolic contents but other compounds such as 

proteins/peptides are also responsible for the bacterial growth inhibition. Anti-biofilm effects of 

plant extracts containing phenolic compounds such as flavonoids are due to the modifications in 

the bacterial cell surface structures responsible for binding to occupied surfaces and suppression 
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of autoinducer-2 activity which is responsible for cell-to-cell communication (Wojnicz et al., 

2012). Although antibiotic resistance of S. aureus is a strong contributor to the reduced biofilm 

inhibition of the crude and protein extracts. Comparing the microscopic results to the positive 

control concluded that purity and different concentrations of inhibitory compounds present in the 

extracts also show strongest bactericidal activity (Fig. 4.32).      

 Considering the strong antibacterial potential of the plant, it would be worthwhile to 

study anti-biofilm potential of the plant against other bacterial strains along with further 

confirmation of bactericidal activity in clinical trials.           

4.15. Anticancer assay         

 Toxic and adverse side effects of chemotherapy as well as conventional treatments has 

prompted researchers and scientists to investigate alternatives for the treatment of cancer. Herbal 

medicine in this regard has made a comeback for fulfillment of our present and future health 

needs. Where current therapy is threatened, plants have proved to be a good source of novel 

anticancer agents including vincristine, vinblastin, Podophyllin, Taxol and Camptothecin (Trigui 

et al., 2013).          

 Considering the continuous demand for antitumor drugs in the area of tumor inhibition, 

present study was undertaken to evaluate the antitumor potential of S. marianum extracts by 

using potato disc bioassay. This bioassay is based on Agrobacterium tumefaciens infection on 

potato discs. Agrobacterium tumefaciens is a pathogenic bacterium causing crown gall disease 

by transferring a portion of tumor-inducing (Ti) plasmid (Lee et al., 2009). The Ti-plasmid 

detects phenolic compounds released from actively growing wound cells and causes the plant’s 

cells to multiply rapidly without going through apoptosis resulting in tumor formation and 

histology to human and animal cancer cells (Trigui et al., 2013).    

 Studies have shown that peptides from plants exhibit marked inhibitory effects on the 

proliferation of various tumor cell lines (Islam et al., 2009). Therefore, it is worth emphasizing 

the importance and the potential future of research involving antitumor peptides from plant 

sources. Different bioassays offer vast advantages for screening of medicinal plant including 

potato disc bioassay for checking antitumor properties of Silybum marianum. More than 20% 

tumor inhibition was considered as significant.       

 A significant (P<0.05) antitumor potential was found in S. marainum crude extracts with 

percent inhibition value of (87.00%). This increased value of crude extract as compared to most 

of the other samples could be due to combined effect of different bioactive compounds 
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(silymarin, silybin and silichristin) in the seeds of Silybum marianum. On the other hand good 

antitumor potential was also observed in seedling crude (71.73%) and induced protein samples 

(68.83%) as compared to control (64%) protein sample of 8 hpi (Table 4.14). Our results 

indicated that in addition to flavonolignans present in the S. marianum seed extracts, 

proteins/peptides might have also been contributed to the tumor inhibition effects (Fig. 4.33). 

Flourescene in the Figure 4.34 shows the number of tumors induced in each sample. Vincristine 

did not show any flouresence and was comparable to the negative control as well as extracts. 

Crude extract had multiple proteins/peptides in it and inhibited tumor formation whereas other 

extracts having peptides less than 10 kDa were were less effective to tumor inhibition as 

compared to the crude extract. Therefore, it can be concluded that Silybum marianum possess 

excellent antitumour potential with respect to protein/ peptide based compounds.                                                 

Table. 4.14. Tumor count of different S. marianum extracts against Agrobacterium tumefaciens.  

Sample % inhibition 

Seed crude 
87.00±1.00b 

Seedling crude 
71.7±0.31c  

8 hpi C 
64.0±1.00d  

8 hpi T 
68.8±0.58d 

vincristine 
96.4±0.03a  

Negative control  
5.4±0.02h 

 

 

Figure.4.33. Inhibition of tumor activity by crude and protein extracts of Silybum marianum at 

different time points.  
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 A                                B                                         C                                D 

  
                                                             E                                    F 

Figure 4.34. Microscopic study of antitumor activity (A-F) of Silybum marianum extracts against 

Agrobacterium tumefaciens.A: Negative control, B: Positive control, C: Seed crude extract, D: 

Seedling crude extract, E: 8 hC (8 hpi), F: 8 hT (8 hpi).                   

 Silybum marianum due to its biactive constituents such as silymarin, silybin and 

silychristin has been intensively used during cancer treatment for prevention and treatment of 

hepatotoxicity after chemotherapy (Greenlee et al., 2007) and is fully supporting our results 

(Figure. 4.34). 

  There are several reports on silymarin as an effective anticancer agent against UVB 

radiation-induced nonmelanoma skin cancer in mice and can also down regulate androgen 

regulated genes (Katiyar et al., 1997; El Mesallamy et al., 2011). Silybin in addition to 

silymarin can inhibit cell proliferation and can arrest cell cycle at G1 phase in human prostate 

cancer cell lines (Zhu et al., 2001). Chemopreventive role of silymarin has been studied in detail 

by Deep and Agarwal. (2007) against skin and prostate cancer. It inhibits UV-B radiations and 

based on its antioxidant and anti inflamatory action. Silymarin also acts on mitogenic signaling 

in skin cancer. Down-regulation of androgen receptor, epidermal growth factor receptors and 

signaling of nuclear factor Kappa-B and cell cycle arrest are the major effects produced by 
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silymarin. In addition to hepatoprotective and antioxidant effects, silybin has demonstrated 

remarkable anti-cancer as well as cancer chemopreventive efficacy in pre-clinical cell culture 

and animal models of several epithelial cancers including skin, bladder, colon, prostate, lung etc. 

(Deep and Agarwal, 2010). From the work done by Agarwal et al., 1999, it was showed that 

inhibition of ERK1/2 activation and an increased activation of JNK1/2 and p38 by silybin could 

be possible underlying molecular events involved in inhibition of cell proliferation and induction 

of apoptosis.            

 Several plant families including violaceae, rubiaceae, and cucurbitaceae and some marine 

plants have been found to be an enormous rich source of antitumor peptides. Several other 

compounds have also been known for their antitumor activity by potato disc bioassay. (Coker et 

al. 2003; Ma et al., 2006). Lunasin, a bioactive peptide isolated from Soybean can inhibit 

carcinogens in mammalian cells and was isolated by Jeong et al., 2003. Similarly, defensin like 

peptides with anticancer activity have been isolated from leguminous plants including Yunnan 

bean and Pinto bean (Wang and Ng, 2007; Wong and NB, 2005). Seeds of Buckwheat have also 

been studied to be a source of 4kDa peptide with antiproliferative activity against different 

cancer types including breast cancer by Leung and Ng, 2007. Tryptophan rich Ginseng peptide 

has been found to have potent antitumor activity against mouse lymphoma cell line by Kim et 

al., 2003.             

  Several studies on various animal models using different modes of administration of 

silymarin and silybin showed that plant is non-toxic and largely free of adverse side effects in 

subchronic and chronic tests even at large doses, and also there is no known LD50 in laboratory 

animals (Singh et al., 2002).         

 Very few peptides in terms of their antitumor potential have been derived from plants, 

still there is a long way to go in the search for more peptides with antitumor activity along with 

their mechanism of action. Clinical trials exploring the usefulness of such molecules in 

anticancer chemotherapy are still required.             

4.16. Mass spectrometry data processing and analysis     

 Proteins present in Silybum marianum control and induced extracts were subjected to 

SDS-PAGE. Gel was stained with Coommassie blue staining and lanes were excised, chopped 

into small pieces, digested with trypsin and were analysed using LC coupled with ESI mass 

spectrometry.                                                          
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                     4hT           4hC          8hT           8hC                       12hT        12hC         24hT         24hC 

  

Figure 4.35. SDS-PAGE analysis of S. marianum control and treated proteins stained with 

Coommassie blue dye for proteomics approach. 

 According to the search parameters, Acetylation (N-terminal), Deamination and 

Oxidation (M) were set as variable modifications with Carbamidomethyl (C) as fixed 

modification. There was a peptide mass tolerance of ±10 ppm with a fragment mass tolerance of 

±0.08Da. One missed cleavage was allowed as protein identification criteria.  Peak list was 

searched against the Swiss-Prot using Mascot search engine (http://www.matrixscience.com).  

 

 

 

                       8 hour post inoculation                     Control 

 127 

 

 

 

Figure. 4.36. Proportional Venn diagram of protein overlap in control and treated Silybum 

marainum extracts identified by LC-MS/MS.  

To analyze the ontology of the identified Silybum marianum proteins the entries of the 

filtered models database were BLASTp-searched (http://www.ncbi.nlm.nih.gov/BLAST/) in the 

76            109 
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Swiss-Prot database (http://www.expasy.ch). We chose the Swiss-Prot database because of its 

high level of annotation, including entries about protein function, posttranslational modifications 

as well as a direct link to the Gene Ontology (GO) databases. From the sequences derived from 

the filtered models database, total of 388 proteins were identified. Among all, 185 homologue 

(E-values < 0.01) protein sequences were found in control extract wherase 203 protein sequences 

were found in 8h treated extract (Figure 4.36). It was revealed that 76 proteins were overlapping 

in control as well as treated extract and were mostly belonged to catalytic activity. However, 

their classification analysis revealed that the majority of the proteins were of molecular function 

and involed in biological processes. Among all, fraction of the particularly interesting class of 

stress related proteins were 10%. The "molecular function" GO revealed 56 % proteins, the 

majority of which were classified as proteins with catalytic activity (18%), 20% were proteins 

involved in oxidation reduction reactions, proteins related to immune response were 2% wherase 

10% were involved in response to external stimulus. Using the "biological process" database, 

44% proteins were classified from which 12 % were associated with metabolism, 6% with cell 

growth and/or maintenance, 4% with signal transduction and 10 % with biological regulation 

(Figure 4. 37). 

Table: 4.15. List of peptides (with significant homology) identified in Silybum marianum 

purified extract identified by LC-MS/MS. 

 
 
Protein name 

 
E-value 

 
Accession No. 

  
 
Peptide  sequence 

ATP synthase subunit beta, 
chloroplastic [Blechnum 
occidentale] 

 
4e-04 

 
O03066.2 IGLFGGAGVGK 

 

Fructose-bisphosphate aldolase, 
cytoplasmic isozyme [Zea mays] 7e-05 

 
P08440.1 

GILAADESTGSIAK 

Heat-shock protein 70T-1 
[Arabidopsis thaliana] 

6e-05  
Q9C7X7.1 VQKLLQDFFNGK 

 

RuBisCO large subunit 
Magnolia latahensis  

4e-14  
P30828.1 GGLDFTKDDENVNSQPFMR 
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Apocytochrome f; Flags: 
Precursor (chloroplast) [Atropa 
belladonna] 

2e-15  
Q8S8W4.1 GGLNVGAVLILPEGFELAPSDR 

 

Elongation factor Tu, 
mitochondrial 
(Arabidopsis thaliana) 

2e-05  
Q9ZT91.1 VTGVEMFKK 

 

Eukaryotic initiation factor 4A-
13 
ATP-dependent RNA helicase 
eIF4A-13 
(Nicotiana tabbacum) 

2e-06  
Q40466.1 AGLAPEGSQFDAR 

 

Glutamate--cysteine ligase, 
chloroplastic 

(Arabidopsis thaliana) 
 

0.094  
P46309.2 EDLIAYL 

 

Leucine-rich repeat receptor-like 

protein CLAVATA2 

 

0.61  
O80809.1 VLDALDSIK 

 

Probable apyrase 7; 
Short=AtAPY7 

0.007  
F4JSH1.1 LVNNRTGLK  

 

RuBisCO large subunit 
Full=Water stress-responsive 
protein 1/2/14 (Pinus pinaster) 

0.38  
P81080.1 DTDILAVFK 

Putative actin-9 (Arabidopsis 
thaliana) 

0.060  
P93738.1 AGFAGDDVPK  

 

 

 Among all the proteins identified in samples, different categories of proteins were found 

based on functional characterization. Different categories of proteins were identified based on 

their sequence homology to the known proteins. The major categories of proteins to which 

peptide fragments showed significant homology belonged to cellular metabolism, plant growth 

and development and signal transduction. Among the domains involved in metabolic functions, 

peptide fragments showed significant homology to Rubisco large and small subunits. Rubisco 

large subunit was found to be activated in response to water stress (Table 4.15).  
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Figure. 4.37. Ontology analysis of 388 proteins. Classification of proteins was performed in gene 

ontology terms.  

One of the most important peptide fragment most appropriately “The defense peptide” 

showed significant homology to the Glutamate-cysteine ligase type 2-subfamily. The members 

of this family seem to play an important role in resistance to fungal and bacterial pathogens by 

regulation of salicylic acid and phytoalexin production thus controlling the expression of 

resistance response. Their abundance in leaves and roots strongly correlate with its up and down 

regulation in response to fungal and salt stress. Protein is involved in the regulation of cell 

proliferation, detoxification process and antioxidant response. Furthermore, participation of this 

protein has also been reported in embryo development and seed maturation.  

 Another stress responsive peptide fragment showed significant homology to the 70 kDa 

heat shock protein (Accession no: Q9C7X7.1). Synthesis of HSPs including HSP-70 have been 

found to be increased by exposure of the plant to physiological disturbances including absicic 

acid, water, heat shock and wound stress.  

In addition to these, proteins associated with the cell shape determination, cell division, 

organelle movement and extension growth have showed sequence homology to the Putative actin 

like protein-9 in Arabidopsis thaliana.  
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4.17. Antimicrobial gene isolation   

3.17.1. Genomic DNA isolation from Silybum marianum 

Genomic DNA was isolated from seeds of the Silybum marianum using CTAB method 

with slight modifications (Fig. 4. 38). DNA was isolated from seeds of the plant using CTAB 

method. About 200 mg of plant tissue was ground to a fine paste in approximately 500 μl of 

CTAB buffer (Appendix V). Transferred CTAB/plant extract mixture to a microfuge tube and 

incubated the CTAB/plant extract mixture for about 15 min at 55o C in a recirculating water 

bath. After incubation, spined the CTAB/plant extract mixture at 12000 ×g for 5 min to spin 

down cell debris. Transferred the supernatant to clean microfuge tubes. To each tube 250 μl of 

Chloroform: Iso Amyl Alcohol (24:1) was added and mixed the solution by inversion. After 

mixing, spin the tubes at 13000 rpm for 1 min. Transferred the upper aqueous phase only 

(contains the DNA) to a clean microfuge tube. To each tube 50 μl of 7.5 M ammonium acetate 

was added followed by 500 μl of ice cold absolute ethanol. Inverted the tubes slowly several 

times to precipitate the DNA. Tubes were placed for 1 hr at -20 o C after the addition of ethanol 

to precipitate the DNA. Precipitates were isolated by spinning the tube at 13000 rpm for 10 min 

to form a pellet. Removed the supernatant and washed the DNA pellet by adding two changes 

of ice cold 70 % ethanol. After the wash, spin the DNA into a pellet by centrifugation at 13000 

rpm for 1 min. Removed all the supernatant and allowed the DNA pellet to dry (approximately 

15 min). Resuspend the DNA in sterile DNase free water (approximately 50-400 μl H2O). After 

resuspension, the DNA was incubated at 65o
 C for 20 min to destroy any DNases and stored at 

4o C. 

                                I            II 

              
Figure 4.38: Genomic DNA isolation from Silybum marainum seedlings.  Lane 1: Genomic 
DNA, Lane II: Marker 
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4.17.2. PCR amlification of S. marianum gene fragments 

 Despite substantial advances in plant disease control strategies, our global food supply is 

still threatened by a multitude of pathogens. Dramatic reduction of crop yield and the impact of 

disease outbreaks is acute in developing nations. Plant cells autonomously maintain constant 

vigilance against pathogens by expressing large arrays of disease resistance genes. These genes 

can provide complete resistance to one or more strains of particular pathogen. Structurally 

similar disease resistance genes have been cloned from many unrelated plant species and are 

effective against different pathogens such as bacteria, fungi and viruses.  

 Disease resistance genes belong to kinase superfamilies and are grouped based on their 

functional domains such as transmembrane domain along with signal peptide and leucine rich 

repeat (LRR) domains as well. They were found to be highly conserved among distantly related 

plant species including tomato, tobacco, Arabidopsis and potato. Amino acid sequence anlaysis 

of virus resistance gene (N) and RPS2 gene of tobacco and Arabidopsis thaliana respectively 

revealed that these genes share LRR domains with cf9 and cf2 genes of tomato involved in 

fungus resistance response.  N and RSP2 genes share 50% sequence similarity in terms of 

nucleotide binding site functioning in ATP/GTP bindings wheras 100% similarity was seen in 

two short regios: one in kinase-1a or P-loop motif : GGVGKTT and the second one GLPALA 

which is about 160 amino acids downstream (Leister et al., 1996). Both the motifs are present in 

N-terminal region upstream of LRR regions and is responsible for oligonucleotide (primer) 

designing used to amplify homologous fragments from our lines by PCR. 

Genomic DNA of Silybum marianum was amplified by using three primer combinations 

(designated as I, II and III) mentioned in section 3.18.2. Primer cominations were designed from 

the conserved sequences of pathogenic resistant genes (RPS2) isolated from tobacco and 

Arabidopsis thaliana. Three amplification products of approximately 350, 500 and 850 bp (Fig 

4.39 (I) were obtained from primer comination I. Multiple products in a range of 500 to 900 bp 

were obtained by using primer combination II (Fig 4.39(II) wheras two major products of 

approximately 500 and 1000 bp (Fig 4.39 (III) we generated from primer combination III. Primer 

combination II and III were identical except difference of two nucleotides in antisense primer of 

comination III and almost similar sized bands were generated from these primers. Heterogenous 

PCR products of expected 500 bp fragment were yielded that correspond to the presence of 

RPS2 homologs in Silybum marianum. This fragment was prominent in all combinations and 

was expected based on the distance between sequence motifs in disease resistance genes of 
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tobacco and Arabidopsis thaliana. All gene fragments yielded from our studies were subjected to 

cloning.  

                           I                            II        M                               III     

                                                              
     

Figure 4.39: Isolation of microbial disease resistance genes from Silybum marainum 

using three fifferent primer combinations (I, II and III), M: DNA size markers.  

 Current results are in accordance with the results of Leister et al., 1996 who used the 

same combination of primers against genomic DNA of diploid potato line in which primer 

combination I yielded three products of approximately 360, 500 and 840 bp. Likewise primer 

combination III amplified products of 400, 500, 750 and 1100 bp that showed significant 

sequence similarity to the family of plant resistance genes. Deduced polypeptides from these 

products showed the presence of conserved sequences at similar positions to the known 

sequences which were the basis of PCR primers.  

 Heterologous PCR approach used in this study shows the wide distribution of resistance 

genes in plant kingdom and its presence has been proved in Nicotiana tobaccum (N), 

Arabidopsis thaliana (RPS2), Linum ustissimum (L6) and Solanum tuberosum (Gro1). Members 

of homologous gene families present in these palnts including Silybum marainum can encode 

resistance to different types of plant pathogens.  

 

 

850bp 

~500bp 

350bp 

1000bp

500 bp 500bp
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Chapter 5 

          Summary 

  
 Silybum marainum, based on exhaustive literature survey indicated the preliminary 

scientific validation of the plant for development of innovative pharmaceuticals in the form of 

boiactive proteins and peptides. Crude extract of the Silybum marianum was prepared in sodium 

phosphate buffer at physiological pH (7.4) and was subjected to antimicrobial screening. Among 

bacterial species tested, gram negative bacteria including E. coli and Pasteurella multocida were 

found to be highly susceptible than gram positive bacteria. With respect to activity index, seed 

crude extract was considered to have strong inhibitory effect towards E. coli followed by 

Pasteurella multocida. Gram negative bacterial species such as Bacillus subtilis and 

Staphylococcus aureus also showed susceptibility towards seed crude extracts. Among fungal 

species tested, activity index was found in an order of Ganoderma lucidum followed by other 

species in a sequence of Trichoderma harzianum >Alternaria alternata >Fusarium solani. In 

order to evaluate the protein/peptide based antimicrobial potential of the plant, crude extract was 

subjected to proteolysis by Proteinase K and heat denaturation. Considerable differences among 

zones of inhibition and activity index were observed among all the respective species tested and 

was supporting the fact that bioactivity of the extracts was mostly protein/peptide based. A 

significant decrease in antifungal activity of proteinase K and heat treated extract was observed 

as compared to the crude extracts. Collectively plant was found to have good antifungal potential 

as compared to the antibacterial. A concentration range of Silybum marianum crude extract from 

2.97 mg/mL to 0.092 mg/mL was found to be sufficient enough to inhibit growth of test 

microorganisms. Protein/peptide based activity of the plant was further proved by SDS-PAGE 

profile of crude and its treated extracts.        

 Based on the preliminary screening and good antimicrobial potential, Silybum marianum 

seedlings were subjected to Fusarium solani stress followed by protein extraction at different 

time points. Time course study of the different extracts showed that there was a gradual 

increased in protein contents upto 8 h post inoculation which was declined with the subsequent 
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hours, hence proved the activation of plant defense response against Fusarium solani upto 8 h. 

Control and induced protein extracts were also subjected to antimicrobial screening and found 

the maintenance of antimicrobial activity against above stated pathogenic species. Protein 

samples (control and induced) with good antimicrobial potential were further subjected to 

dialysis (500-1000 MWCO) followed by ultrafiltration (10000 MWCO) in size based tubings. 

Maintenance of antimicrobial activity of the size based purified extracts was studied by high-

throughput antibacterial screening against E. coli, Bacillus subtilis and Mycobacterium 

smegmatus in automated robotic work station. Encouraging results regarding antibacterial assay 

of purified extracts proved the presence of peptides less than 10 kDa.    

 With respect to radical scavenging ability of the plant, crude and purified extracts were 

subjected to antioxidant activity. Seed crude extract showed 54% radical scavenging effect 

whereas seedling extract, 8 h control and treated extract showed good antioxidant potential as 

compared to the seed crude which was significantly different (P>0.05)  from positive control 

(93%).  Very low cytotoxicity has been observed in seed and seedling crude extracts wherase 8 h 

time points had showed somewhat higher cytotoxic effect. The % age cytotoxicity values of 

seeds and seedlings extracts found to be 6.48% and 5.29% showed the combined action of 

proteins in 8 h protein extracts with flavonolignans present in seed crude extracts. However plant 

has shown highly significant cytoprotective effect as compared to the control (99.47%). 

 Antimicrobial compounds/peptides have also been found to have antitumor traits and 

Silybum marianum extracts were found to have tumor inhibition effects produced by 

Agrobacterium tumefaciens in potato. Plant showed non-mutagenicity when tested against two 

strains of Salmonella typhimurium and the values were significantly different when compared to 

the positive control. Moreover, inhibitory effects of Silybum marianum crude and treated extracts 

were investigated on the development of Staphylococcus aureus biofilms. The inhibition 

frequency of S. aureus biofilm was much lower in seedling crude as well as 8 h control sample 

whereas 8h treated extract and seed crude showed potential biofilm inhibition.  

 In-gel digestion and analysis of the tryptic peptides from the  individual bands using nano 

LC-MS/MS. Rewarding bioactive potential of Silybum marianum eventually led to the 

identification of peptides involved in cellular metabolism, plant growth and development, signal 

transduction and exclusively to the peptides involved in defense response. Comparison of the 

ensemble disease resistance response transcripts with published transcript profiles revealed a 

notable overlap of the homologous stress-responsive genes.  
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 Overall, this finding justifies the traditional use of this plant along with commercial 

interest of pharmaceutical companies and research institutes in the production of new drugs. This 

study has also unlocked the possibility of the use of this plant for traditional practices. 

Conclusion          

 Silybum marianum showed strong antimicrobial activities with more encouraging results 

regarding antibacterial potential towards gram negative species and highly significant antifungal 

potential was also observed. In addition to antimicrobial potential, plant also had beneficial traits 

as antitumor and non-mutagenic against Agrobacterium tumefaciens and human cell lines 

respectively. Seedlings showed no significant antitumor activity. Silybum marianum has been 

found to be rich in peptides involved in cellular metabolism, plant growth and development, 

signal transduction and exclusively to the peptides involved in defense response.  The amplified 

disease resistance genes can encode resistance to different types of plant pathogens.  
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Appendix 
 

Appendix I: Set-up of the fluctuation assay with and without S9 activation 

Volume added (mL) 

Treatment Standard  

(NaN3, 2-NF, or 

2AA) 

Herbal 

extract 

Reagent 

mixture 

S9 mix Deionised 

Water 

Test 

strain 

 

Blank – – 2.5 – 17.5 - 

Background I – – 2.5 – 17.5 0.005 

Background II – – 2.5 2.0 15.5 0.005 

Standard mutagen 0.1 – 2.5 – a 17.4 0.005 

Test sample 1 – 0.005 2.5 – 17.5 0.005 

Test sample 1 – 0.005 2.5 2.0 15.5 0.005 

a, S9 mix (2.0 mL) was added when 2AA was used. 

Appendix II: Solution preparation for SDS-PAGE 

Tris Cl; 1.5 M (pH 8.8): Dissolved 91 g Tris base in 375 mL of distilled water, pH was 

adjusted to 8.8 and diluted to 500 mL with dH2O. 

Tris Cl; 1 M (pH 6.8): Dissolved 30.5 g Tris base in 175 mL of distilled water, pH was 

adjusted to 6.8 and diluted to 250 mL with dH2O. 

Acrylamide (30%): 29.2 g acrylamide and 0.8 g bisacrylamide was added to 100 mL distilled 

water, filtered and stored in dark at 4 °C. 

TEMED: Prepared solution was purchased from the company and used according to the 

required concentration. 

Ammonium persulphate (10%):  Ammonium persulphate solution was used always freshly 

prepared. 0.1 g salt was dissolved in 1 mL of distilled water. 

Preparation of gel: 

     The gel was prepared on PAGE apparatus from Biorad. Firstly the plates were washed and 

rinsed with distilled water and wiped with acetone to clean them properly. Then they 

were fixed together in gel casting stand. 

Preparation of running gel: 

       The running gel was prepared first by using the following recipe: 

Solutions Quantity 
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Distilled water 9.87 mL 

30% acrylamide 8.37 mL 

1.5м Tris Cl (pH 8.8) 6.25 mL 

10% SDS 250 µL 

TEMED 10 µL 

Ammonium persulphate soln. 

(10%) 
250 µL 

 

    At the end distilled water was added on the top of running gel for flat surface formation of 

running gel. Left it for 30 minutes to polymerize then pour off the distilled water. 

Preparation of stacking gel: 

      The 5% stacking gel was prepared according to following composition: 

Solutions Quantity 

Distilled water 3.375 mL 

30% acrylamide 0.84 mL 

1м Tris Cl (pH 6.8) 0.63 mL 

10% SDS 150 µL 

TEMED 15 µL 

Coommassie blue Just a dot to give light blue color 

Ammonium persulphate soln. (10%) 50 µL 

 

      After preparing the stacking gel the comb was placed within the gel plates and left for 15-20 

minutes to solidify. After solidification the comb was removed and the gel running tank was 

filled with running buffer. The wells were washed with running buffer with the help of a syringe 

for efficient loading of sample and to not disperse in neighboring wells or running buffer. 

Appendix III: Preparation of Reagents for biofilm inhibition     

  Nutrient broth (1.3g) was dissolved in distilled water and volume was maintained 

up to 100 mL. The medium was autoclaved and was used to culture bacteria. Glacial acetic acid 

33mL was mixed in sterilized 67 mL of distilled water and was poured in autoclaved glass bottle 

and stored at room temperature. Phosphate buffered saline was prepared and was mixed in 

800mL of distilled water and its volume was made upto 1L and was poured in autoclaved glass 

bottle and stored at room temperature.  

 

 

 



93 
 

Appendix IV:  Mass Spectrometry solution preparation:  

1. Mix 100 mM NH4HCO3 1:1 with 100% CH3CN to make 50 mM NH4HCO3 / 50% 

CH3CN.  

2. 10 mM DTT is 1.5 mg DTT/ 1 ml 100 mM NH4HCO3 

3. 55 mM IAA is 10.2 mg IAA/ 1 ml 100 mM NH4HCO3 

4. Trypsin digestion buffer (concentration is 6 ng/μl): 

                        5 μl 100 ng/μl trypsin 

                          40 μl Milli-Q water 

40 μl 100 mM NH4HCO3 

To Prepare 100 ng/μL trypsin: 

Add 200 μL of trypsin resuspension buffer (50 mM acetic acid) to trypsin 

powder vial. (Trypsin powder vials and resuspension buffer are stored at - 

80°C). Vortex and dissolve completely. Prepare aliquots of 20 μL to 

1.5mL Eppendorf tubes. Store at -80°C. 

Appendix V: CTAB buffer (100 mL) for DNA isolation 

2.0 g                      CTAB (Hexadecyl trimethyl-ammonium bromide) 

10.0 mL                 1M Tris pH 8.0 

4.0 mL                   0.5 M EDTA pH8.0 

28.0 mL                  5M Nacl 

40.0 mL                  H2O 

1 g                          PVP 40 

Adjust all the pH 5.0 with HCL and make up to 100 mL with H2O.                

Appendix VI: Preparation of competent cells 

In an Erlenmeyer flask 50 mL LB-Medium (Bactotryptone: 1 g, yeast extract: 0.5 g, NaCl: 1 g, 

dissolved solids in dist. H2O: 80 mL, autoclaved dist. H2O: upto 100 mL, pH: 7.5) was 

inoculated with a bacterial colony and placed it in a shaker at 37 oC and 220 rpm for overnight. 

Next day 1 mL of  overnight culture was added to 100 mL of fresh LB-Media and incubated at 

37 oC, 220 rpm for 4 h (or until the O.D becomes  0.4). The flask was placed in ice for 30 min. 

Then the sample was transferred into centrifuge tubes or falcon tubes (40 mL in one tube) and 

incubated the tubes in ice for 10 min. The tubes were centrifuged at 5,000 rpm for 5 min. at 4 oC. 

The pellets were resuspended in 40 mL of 0.1 M MgCl2. The tubes were centrifuged at 4 oC for 5 

min. at 5,000 rpm. The supernatant was discarded and the pellets were resuspended in 40 mL of 
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0.1 M CaCl2 and the tubes were placed in ice for 30 min. The tubes were centrifuged at 5,000 

rpm for 5 min. at 4 oC. The supernatant was discarded and the pellets were resuspended in 4 mL 

of 0.1 M CaCl2 (1/10th of the volume of the sample) and added 35% glycerol. The cells were 

mixed gently in glycerol and aliquots of 200 µL were stored in microcentrifuge tubes at -80 oC. 

Appendix VII: Preparation of LB Ampicillin agar plates 

LB-medium (100 mL) was prepared according by autoclaving LB medium, allowed the solution 

to cool to 50 oC, and ampicillin was added to a final concentration of 100µg/mL. Medium was 

gently mixed and 25 mL of LB-ampicillin agar medium was poured directly on to each petri 

plate. And forty microliters of each IPTG and X-Gal were also poured on the plates and dried 

before use. 

Appendix VIII:  Determination of control and treated protein concentration (mg/mL) 

extracted at different time points.  

Sample Control Treated 

0hpi 48.40±0.3 49.09±0.7 

2hpi 48.9±0.5 52.18±0.4 

4hpi 49.5±0.5 53.26±0.3 

6hpi 49.9±0.2 53.94±0.6 

8hpi 50.4±0.4 54.56±0.4 

12hpi 50.05±0.5 54.92±0.3 

24hpi 49.8±0.7 52.1±0.5 

48hpi 49.6±0.4 50.6±0.6 

72hpi 49.1±0.5 49.5±0.3 

    

Appendix IX: Zones of inhibition (mean (mm) ± SD) of proteins samples (control and 

treated, post hour induction) seedlings of Silybum marianum against selected bacterial 

strains: 

Antibacterial assay Pasteurella multocida Eschericia coli Bacillus subtilis Staphylococcus aureus 

OhC 16.33±0.58c 12.83±0.29i-l 12.00±1.00m 12.83±0.76i-m 

Ohi 15.67±0.58c-f 13.17±1.04g-m 12.33±0.58klm 12.50±0.50j-m 

2h C 14.73±0.64d-i 13.00±0.50h-m 13.00±0.50h-m 13.00±0.50h-m 

2hi 16.17±1.26c 13.50±0.50f-m 12.83±0.29i-m 12.83±0.76i-m 

4hC 15.33±0.58 12.17±0.29lm 13.00±0.50h-m 13.00±0.50h-m 

4hi 16.17±0.26cd 13.00±0.50h-m 13.00±0.50h-m 13.17±0.58g-m 

6hC 16.33±0.58cd 14.67±0.76d-j 13.00±0.00h-m 12.67±0.76i-m 

6hi 15.83±0.76cde 14.67±0.29d-j 13.00±1.00h-m 13.00±0.50h-m 

8hC 17.67±0.58c 14.50±0.50d-k 13.20±0.52g-m 12.83±0.29i-m 

8hi 17.67±0.58c 14.50±0.50d-k 13.33±0.29g-m 13.17±0.29g-m 
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12hC 13.67±0.58e-m 13.33±0.29g-m 13.00±0.50h-m 13.00±0.87h-m 

12hi 13.33±0.58g-m 13.17±0.29g-m 12.83±0.29i-m 13.00±0.50h-m 

24hC 13.67±0.58e-m 13.17±0.29g-m 12.67±0.58i-m 13.17±0.58g-m 

24hi 13.67±0.58e-m 13.50±0.50f-m 12.67±0.29i-m 12.83±0.76i-m 

48hC 14.17±0.29d-m 13.17±1.26g-m 12.83±0.29i-m 13.00±0.50h-m 

48hi 15.17±1.04d-h 13.67±1.15e-m 12.67±0.29i-m 13.17±0.29g-m 

72hC 14.33±0.58d-l 13.33±1.15g-m 12.50±0.50j-m 12.83±0.76i-m 

72hi 14.33±0.58d-l 13.50±1.32f-m 12.17±0.29lm 12.83±0.58i-m 

positive C 22.00±1.00b 23.33±0.58ab 22.00±1.00b 25.33±0.58a 

 

Appendix X: Activity index of of proteins samples (control and treated, post hour 

induction) seedlings of Silybum marianum against selected bacterial strains: 

     B. subtilis    S. aureus P. multocida E. coli 

0 hC 0.521739 0.475309 0.742424 0.534722 

0 hT 0.536232 0.462963 0.712121 0.548611 

2 hC 0.565217 0.481481 0.669697 0.541667 

2 hT 0.557971 0.475309 0.734848 0.5625 

4 hC 0.565217 0.481481 0.69697 0.506944 

4 hT 0.565217 0.487654 0.734848 0.541667 

6 hC 0.565217 0.469136 0.742424 0.611111 

6 hT 0.565217 0.481481 0.719697 0.611111 

8 hC 0.573913 0.475309 0.80303 0.604167 

8 hT 0.57971 0.487654 0.80303 0.604167 

12 hC 0.565217 0.481481 0.621212 0.555556 

12 hT 0.557971 0.481481 0.606061 0.548611 

24 hC 0.550725 0.487654 0.621212 0.548611 

24 hT 0.550725 0.475309 0.621212 0.5625 

48 hC 0.557971 0.481481 0.643939 0.548611 

48 hT 0.550725 0.487654 0.689394 0.569444 

72 hC 0.543478 0.475309 0.651515 0.555556 

72 hT 0.528986 0.475309 0.651515 0.5625 

 

Appendix XI: Zones of inhibition (mean(mm)± SD) of proteins samples (control and 

treated, post hour induction) seedlings of Silybum marianum against selected fungal 

strains: 

Antifungal assay Trichoderma harzianum Ganoderma lucidum Alternaria alternata Fusarium solani 

OhC 14.17±0.29 12.50±0.50 14.33±1.76 11.67±0.58 

Ohi 13.67±0.29 12.50±0.87 14.33±1.44 12.67±0.58 

2h C 12.17±0.76 12.00±0.50 13.17±1.61 12.33±0.58 

2hi 12.33±1.04 12.67±0.76 13.17±1.53 12.67±0.58 

4hC 13.00±0.50 12.00±1.32 13.33±1.44 10.50±0.50 

4hi 12.50±0.50 12.83±0.76 13.83±1.89 12.33±0.58 

6hC 12.33±0.58 12.50±1.32 14.00±1.00 11.50±0.50 
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6hi 12.67±0.58 12.83±0.29 13.17±1.26 12.83±0.76 

8hC 14.50±0.50 13.83±0.29 14.83±0.29 13.00±0.50 

8hi 15.00±1.00 14.33±1.44 14.67±0.58 13.33±0.29 

12hC 12.83±0.76 12.17±1.26 13.50±0.50 11.67±0.58 

12hi 13.83±0.29 12.50±0.50 13.17±0.29 12.67±0.76 

24hC 14.50±0.50 11.33±0.58 13.50±0.87 12.83±0.76 

24hi 14.33±0.58 13.00±0.50 13.83±0.29 12.50±0.50 

48hC 13.50±0.50 12.33±1.04 14.00±0.50 12.17±0.76 

48hi 12.33±0.58 12.00±1.00 14.00±1.73 12.33±0.58 

72hC 14.00±1.00 12.67±1.04 13.67±0.58 11.50±0.50 

72hi 13.83±0.76 12.67±0.76 14.17±0.29 12.50±0.50 

positive C 18.00±1.00 19.00±1.00 18.00±1.00 18.00±1.00 

 

Appendix XII: Activity index of proteins samples (control and treated, post hour induction) 

seedlings of Silybum marianum against selected fungal strains: 

 F.solani T.harzianum G.lucidum A.alternata 

0 hC 0.686275 0.833333 0.735294 0.796296 

0 hT 0.745098 0.803922 0.735294 0.796296 

2 hC 0.72549 0.715686 0.705882 0.731481 

2 hT 0.745098 0.72549 0.745098 0.731481 

4 hC 0.617647 0.764706 0.705882 0.740741 

4 hT 0.72549 0.735294 0.754902 0.768519 

6 hC 0.676471 0.72549 0.735294 0.777778 

6 hT 0.754902 0.745098 0.754902 0.731481 

8 hC 0.764706 0.852941 0.813725 0.824074 

8 hT 0.784314 0.882353 0.843137 0.814815 

12 hC 0.686275 0.754902 0.715686 0.75 

12 hT 0.745098 0.813725 0.735294 0.731481 

24 hC 0.754902 0.852941 0.666667 0.75 

24 hT 0.735294 0.843137 0.764706 0.768519 

48 hC 0.715686 0.794118 0.72549 0.777778 

48 hT 0.72549 0.72549 0.705882 0.777778 

72 hC 0.676471 0.823529 0.745098 0.759259 

72 hT 0.735294 0.813725 0.745098 0.787037 
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