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Abstract 

Parasitic diseases like leishmaniasis are major worldwide health problem. Suboptimal 

therapies and emergence of resistance demands the exploration of all possible sources 

to find a new drug against leishmaniasis. In this search, endophytes have emerged as 

an outstanding source of high metabolic diversity. These microorganisms have 

recently attracted increased attention in the quest of pharmaceutically important 

compounds. Present study describes the biological evaluation of five endophytic fungi 

Plectania milleri NFL1, Trichoderma asperellum NFL2, Paraconiothyrium sp. NFL6, 

Mucor hiemalis NFW6 and Epicoccum nigrum NFW7 isolated from Taxus fuana of 

West Himalayan region of Pakistan followed by isolation and identification of 

compounds from selected endophytic fungi with prime focus on their antileishmanial 

activity.  

Endophytic fungal strains were initially cultivated on four solid state media (PDA, 

SDA, modified taxol medium and rice) and extracted with organic solvent ethyl 

acetate. The crude extracts obtained after extraction, were evaluated in phytochemical 

assays to determine the total phenolic and total flavonoid content. Biological activities 

of the extracts were determined by three antioxidant assays (total antioxidant capacity, 

reducing power and DPPH free radical scavenging assay), antibacterial assay against 

8 bacterial strains, antileishmanial assay against two Leishmania sp. i.e. L. tropica and 

L. amazonensis and anticancer assays by evaluating the inhibition of NFƙB and        

K-Ras. Cytotoxic potential was evaluated against four human cell lines i.e. prostate 

cancer cell line PC-3, human colon adenocarcinoma cell line HT-29, estrogen 

receptor negative human breast cancer cell line MDA-MB-231 and breast cancer cell 

line MCF-7. 

Endophytic fungi showed variable biological activities with apparent effect of media 

used for fermentation. The highest amount of gallic acid equivalent phenolic and 

quercetin equivalent flavonoid content was found in M. hiemalis NFW6 and              

E. nigrum NFW7. While significant total antioxidant activity, total reducing power 

and DPPH scavenging activities were also exhibited by these two strains. Noteworthy 

antimicrobial activities were exhibited by P. milleri NFL1 and Paraconiothyrium sp. 

NFL6 particularly against S. epidermidis with zone of inhibition of 20 ± 0.87 and  

20.7 ± 1.26 mm, respectively. Results for antileishmanial activities were pronounced 
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for P. milleri NFL1 and M. hiemalis NFW6 against Leishmania sp. with IC50 values 

of 1.5 ± 1.1 and 3.72 ± 1.7 µg/ml, respectively. Significant inhibition of NF-κB 

signaling pathway (>70 %) was exhibited by P. milleri NFL1 and E. nigrum NFW7. 

Similarly, P. milleri NFL1 and T. asperellum NFL2 showed pronounced K-Ras 

inhibition (>60 %). Endophytic fungi expressed significant cytotoxic activities against 

all the cancerous cell lines except human colon adenocarcinoma cell line HT-29. Most 

promising results were observed against breast cancer cell line MCF-7 where            

P. milleri NFL1, T. asperellum NFL2 and Paraconiothyrium sp. NFL6 expressed 

greater than 75 % inhibition. P. milleri NFL1 was the only strain which showed 

cytotoxic activity against three tested cell lines i.e. PC-3, MCF-7 and MDA-MB-231.  

Biological screening was followed by selection of P. milleri NFL1, M. hiemalis 

NFW6 and Paraconiothyrium sp. NFL6 for scale up fermentation and compound 

isolation. Crude extracts, obtained after the large scale fermentation of endophytic 

fungi, were fractionated by normal phase chromatography and subjected to 

antileishmanial assay for prioritizing fractions for compound isolation. Structure 

elucidation was done by 1D, 2D NMR along with mass spectrometry. As a result, 

three known compounds were isolated from P. milleri NFL1; pestalotin (L1F5F7F4), 

its analogue (L1F3F7) and galiellalactone (L1F4F4F4). M. hiemalis NFW6 resulted in 

the isolation of a single compound i.e. triolein (W6F4F4) while Paraconiothyrium sp. 

NFL6 also afforded one compound pachybasin (L6F8F14). All the compounds were 

evaluated for their antileishmanial and anticancer potential. Galiellalactone 

(L1F4F4F4) was the only compound with antileishmanial and anticancer activity 

among all the isolated compounds. Antileishmanial potential of galiellalactone has 

been reported in this study for the first time.  

In silico tools were employed in this study to understand the behavior of endophytic 

fungi produced compound galiellalactone (L1F4F4F4) with Leishmania proteins. 

Thorough study of the literature resulted in selection of three target proteins i.e. 

leishmanolysin, trypanothione reductase and cysteine protease in Leishmania. These 

proteins were selected on the basis of their essentiality for Leishmania and absence 

from human host. Unavailability of experimentally determined structure led to 

homology modelling of the selected proteins by using eight web-based servers. 

Comparative analysis was performed to select the most reliable protein model.          



xv 
 

In silico evaluation of galiellalactone (L1F4F4F4) against leishmanial targets was 

completed by docking studies. The docking simulation between the ligand 

(L1F4F4F4) and target proteins was performed using AutoDock. Ligand-protein 

complex among all the three target protein was most stable in case of cysteine 

protease with hydrogen bond and electrostatic interactions and highest binding 

affinity of −6.5 kcal/mol. These findings give insights into possible action of 

galiellalactone against Leishmania. 

The Himalayan region of Pakistan has a huge biodiversity of medicinal plants 

including Taxus species. Antileishmanial potential of endophytes associated with 

Taxus fuana from this region has not been previously reported. These findings will 

highlight the bioactive potential of endophytic fungi and also act as a cornerstone for 

lead compounds for drug discovery and development. 
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1.1 Introduction 

Leishmaniasis is a vector borne neglected tropical disease caused by a protozoan 

parasite Leishmania (Choi and Lerner, 2001). It is endemic in ninety eight countries 

and five continents, with the exception of Australia and Antartica. The disease is 

mainly concentrated in sixteen poverty stricken countries resulting in economical and 

medical impact to inhabitants (Pace, 2014). It is affecting around 14 million people 

worldwide and 350 million are living at risk to be infected from the disease. Among 

parasitic diseases, leishmaniasis is second only to malaria in mortality with        

20,000-30,000 deaths annually (Field et al., 2010; WHO, 2016) while morbidity from 

leishmaniasis has been recently estimated to reach 3,754,202 DALYs (disability 

adjusted life years) (Pace, 2014; Savoia, 2015). Leishmaniasis has been greatly 

underreported for innumerable years and most of the available incidence data is based 

on estimation because only around two third of countries actually report it (Pace, 

2014). 

Leishmaniasis has great epidemiological and clinical diversity. It is broadly classified 

into cutaneous leishmaniasis (CL) and visceral leishmaniasis (VL). Each year about 

1.5 million new cases of CL and 500 000 new cases of VL occur (Alvar et al., 2012) 

and the number of cases are increasing globally at an alarming rate. Cutaneous 

leishmaniasis is endemic in more than 70 countries worldwide and 90 % cases occur 

in eleven countries: Algeria, Afghanistan, Brazil, Costa Rica, Colombia, Ethiopia, 

Iran, Peru, Pakistan, Syria and Saudi Arabia (Reithinger et al., 2007; WHO, 2016). 

On the other hand, visceral leishmaniasis occurs in 65 countries and over more than 

90 % cases occur in six countries: Bangladesh, Brazil, Ethopia, India, Nepal and 

Sudan (Desjeux, 2004; Maltezou, 2010; WHO, 2016). Leishmaniasis was first 

reported from Pakistan in 1960. Both cutaneous and visceral leishmaniasis prevails 

throughout the country over several endemic foci in Balochistan, Khyber 

Pakhtunkhwa, Punjab, Sindh, Azad Jammu and Kashmir along with northern areas of 

Paksitan i.e. Gilgit and Baltistan (Bari et al., 2012). Cutaneous leishmaniasis is 

particularly a rising epidemic in the border region neighboring Afghanistan and also 

the cities with maximum refugee influx in Pakistan (Afghan et al., 2011). 

Around 25 compounds and formulations with antileishmanial effects are in clinical 

uses, but only a few have been proven worthy. Pentavalent antimonials are the first 
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line of drugs against leishmaniasis while amphotericin B and its liposomal derivatives 

(Croft et al., 2006), pentamidine, miltefosine and aminosidin are the second line of 

drugs. In recent years, clinical trials of combination therapies are also operational 

(Sundar and Chakravarty, 2013). Most of these drugs have some limitations like price, 

feasibility, safety, efficacy, toxicity, difficulty in administration, side effects and 

probability of growing resistance (Monzote, 2009). To make the situation worse and 

complicated there is no new drug being developed by the major pharmaceutical 

industries for the disease (Torreele, 2006). Hence, there is always a need to develop 

more anti-leishmanial armory, which is cost effective, highly active, less toxic and 

orally administrable (Mishra et al., 2007). 

The urgent need for alternative treatments for leishmaniasis, requires a zealous 

investigation of all approaches to drug discovery. One of the main prospects is 

through the discovery of new antiparasitic agents from natural sources (Ioset, 2008). 

Nature has always been a munificent source of pharmaceutically important natural 

products (Cragg and Newman, 2013; Deepika et al., 2016). Structural diversity, high 

selectivity and specific biological activities are the reasons that natural products are of 

interest in drug discovery and development (Cragg and Newman, 2013). It has been 

estimated that around 69 % of anti infectives including antiparasitic, antiviral, 

antibacterial and antifungal agents are either naturally derived or naturally inspired. 

Mother Nature has refined her chemistry over three billion years and only the surface 

of Nature’s molecular diversity has yet been touched; a lot still remains to be 

explored. 

In comparison to other natural sources such as plants and animals, microorganisms 

are highly diverse (Qadri et al., 2013) and a profuse source of bioactive metabolites 

which are structurally diverse as well. They have recently become the primary targets 

in screening programs (Deepika et al., 2016) and some of the most notable 

pharmaceutical products; such as antibacterial agents (penicillins, cephalosporins, 

aminoglycosides), anticancer agents (doxorubicin, mitomycin), antiparasitics 

(ivermectins), immunosuppressive agents (cyclosporins, rapamycin) and cholesterol 

lowering agents (mevastatin, lovastatin) have been produced by microbes (Cragg and 

Newman, 2013).  
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Lately, scientists have been focusing on search of novel natural products in relatively 

unexplored microbial reserves. Endophytes represent one such front which has been 

largely untapped for its chemical diversity (Deepika et al., 2016). Endophytes are 

microbes that colonize healthy tissues of almost all vascular plants without causing 

any external symptoms (Bacon, 2000). Host plants and their endophytes have a 

dynamic relationship which may vary from symbiotic to opportunistic (Tan et al., 

2001; Strobel et al., 2004; Gunatilaka et al., 2006). Bacteria, fungi and 

actionomycetes are commonly found endophytes (Arnold and Engelbrecht, 2007); 

however, endophytic fungi are the most frequently encountered (Staniek et al., 2008). 

It is estimated that approximately 1.0 million species of endophytic fungi are present 

worldwide (Arnold and Engelbrecht, 2007; Chen et al., 2013). These fungi produce 

low molecular weight structurally diverse secondary metabolites belonging to 

important classes of compounds i.e. alkaloids (Zheng et al., 2012), terpenoids 

(Molinar et al., 2012), quinones (Campos et al., 2008), peptides, xanthones and 

phenols (Xu et al., 2010). These secondary metabolites endow major ecological 

benefits to their host plants.  

Although, endophytic fungi possess diverse biological activities but they have been 

hardly explored as sources for antiparasitics. Recently, production of antileishmanial 

and antitrypanosomal metabolites from endophytic fungi i.e. cochlioquinone A 

isolated from an Cochliobolus sativus (Do Nascimento et al., 2015); palmarumycin 

and its derivatives from Edenia sp. (Martnez-Luis et al., 2008); cercosporin from 

Mycosphaerella (Moreno et al., 2011) and altenusin from Alternaria sp. (Cota et al., 

2008) have reinforced the fact that endophytic fungal compounds have the potential to 

enter the pipeline for drug development against neglected tropical diseases (NTD’s) 

(Campos et al., 2008).  

The classical way of isolation of natural products from microbial source generally 

involves fermentation, solvent extraction, bioassay guided fractionation, isolation and 

purification of compounds. Bioassay-guided isolation strategies connect chemical 

profiles of extracts and fractions with their biological activity in in vitro assays. 

Structure elucidation of the relevant compound is done using instrumental analysis 

including NMR and MS (Bucar et al., 2013). These structurally characterized 
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compounds can also be tested against the target proteins or enzymes of the parasite to 

ensure bioactivity. 

Although, various natural products with antiparasitic activity have been known but the 

molecular target for most of these compounds remain unidentified. This gap hinders 

in further characterization and optimization of active compound (Ogungbe and Setzer, 

2013). So, along with search and production of an adequate arsenal of anti-

leishmanial drugs, it is equally important to identify or search new and active drug 

targets as a mean of controlling the parasites without affecting the host (Shaukat et al., 

2013). Identification of the drug target is the initial step in the process of drug 

discovery. A drug target should be essential, specific, selective and important to the 

life cycle of the pathogen (Crowther et al., 2010). Mostly these targets include 

important enzymes in Leishmania (Ogungbe and Setzer, 2013) involved in 

maintenance of polyamine and trypanothione levels or involved in metabolism of 

sterols, glucose, nucleotides and  fatty acids (Barrett et al., 1999). As experimental 

investigations of drug targets are both expensive and time-consuming, now a days, 

computational and in silico tools have become important resource in identification of 

potential drug targets (Osguthorpe et al., 2012).  

Three dimensional structures of the target proteins are essential because it provides 

knowledge into the molecular basis of their function (Genheden, 2012). Three 

dimensional structures of the proteins can easily be obtained from Protein Data Bank 

(PDB), the largest database of experimentally obtained biomolecular structures. 

Although, the database is continuously expanding, 3D structures of proteins are less in 

comparison to the known protein sequences (Schwede et al., 2003). This lack of 3D 

structures in databases is overcome by homology or comparative protein modeling 

(Vyas et al., 2012). Homology modelling uses the fact that proteins which are 

evolutionary related also share a similar structure (Vitkup et al., 2001; Chandonia and 

Brenner, 2005). This method to generate the 3D structure of the target on the basis of 

the known 3D is at the moment, most feasible, reliable and cost effective method to 

get structural information (Vyas et al., 2012).  

In the field of computational biology, in silico tools like docking and molecular 

modeling are important in drug discovery (Ivanenkov et al., 2009). Molecular docking 

is a commonly and widely used method to predict interaction between ligand and 
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target protein. It is not a stand-alone technique but is deeply integrated in a workflow 

of different in silico as well as experimental techniques (Kroemer, 2007). The docking 

process involves two interrelated steps; prediction of the conformation, position and 

orientation of ligand in target protein and assessment of the binding affinity. Docking 

efficiency is significantly increased by knowing the location of the binding site in the 

target protein (Meng et al., 2011).  

Northern areas of Pakistan are considered biodiversity hotspots of medicinal plants 

with ethno-pharmacological importance (Haq et al., 2013) and may harbor 

endophytes with novel chemistry. Though, little is known about the biologically 

active metabolites produced by the endophytes of this region. Bioactive potential of 

the endophytes of the Taxus fuana of Pakistan has been recently reported           

(Fatima et al., 2016). Present research was designed to further explore the bioactive 

potential of endophytic fungal isolates of this plant particularly as anti-leishmanial 

activity.  

1.2 Aims and Objectives 

The aim of the present research was the identification and isolation of anti-leishmanial 

compound produced by endophytic fungi associated with Taxus fuana and application 

of in silico tools in drug discovery. 

The objectives of the study are: 

1. Solid state fermentation of endophytic fungi and preparation of extracts using 

agar-based media. 

2. Primary screening of the extracts for the production of antioxidant, 

antimicrobial, anti-leishmanial and anticancer compounds using microtiter 

plate based assays. 

3. Extraction, isolation and purification of compounds from selected strains by 

using different chromatographic techniques.  

4. Structure elucidation and determination of anti-leishmanial activity of the 

isolated compounds. 

5. Homology modelling of leishmanial target proteins.  

6. Docking of the active compound against modelled leishmanial targets. 
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2.1 Leishmaniasis 

Leishmaniasis is a major public health problem (WHO, 2016). It is mostly 

concentrated in poor countries in Latin America, East Africa, South East Asia and 

several Mediterranean countries, which makes this parasite an important disease for 

local populations and for travellers also. An increase of leishmaniasis cases in        

non-endemic countries has been observed due to international travelling and 

migration of non-immune individuals to endemic areas, this has also played a key role 

in making the recognition of this parasitic infection (Pace, 2014). Deforestation, dam 

construction and new irrigation schemes are some of the other environmental changes 

responsible for the expansion and alarming increase in number of leishmaniasis cases 

(Fernandes et al., 2009).  

2.1.1 Causative Agents 

Leishmaniasis is caused by more than 20 different species of a trypanosomatid 

protozoans genus Leishmania, belonging to the order Kinetoplastida (Pace, 2014). 

Leishmania is classified into two subgenera Leishmania and Viannia. This 

classification is on the basis of different sites of parasite development within the gut 

of the sandfly. Leishmania is found in the New (America) and Old World (Africa, 

Europe and Asia) while Viannia is common only in the Old World (WHO, 2010). 

Leishmania sp. exist in two major morphological forms during its life cycle: an 

extracellular, flagellated, spindle shaped, 1.5-3.5 μm wide, 15-20 mm long 

promastigote within the sandfly (Bates, 2008) and an obligate intracellular,            

non-flagellated, spherical, 3-5 mm long amastigote within cells of the mammalian 

host macrophages (Hommel, 1999). 

2.1.2 Life Cycle 

Leishmania has a complex digenetic life cycle, which requires a susceptible vertebrate 

host and a permissive insect vector such as sand fly, for their transmission        

(Savoia, 2015). Sandflies are active in summer in the Mediterranean region          

(Pace, 2014) and it has been estimated that 93 out of 800 sand flies sp. are involved in 

transmission of Leishmania. Infection starts when a sand fly takes a blood meal 

containing Leishmania amastigotes from an infected host. Ingested amastigotes move 
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to the midgut of sand fly and convert into promastigotes by means of binary fission. 

After   4-5 days, these promastigotes move to the oesophagus and the salivary glands 

of the sand fly. The infectious promastigotes are injected into the bloodstream of the 

host vertebrates during the second blood meal of sand fly. Injected promastigotes are 

then phagocytosed by macrophages and are transformed into amastigotes. 

Amastigotes resist the microbicidal action of the acid hydrolases released from the 

lysozymes and continue to survive and multiply inside the macrophage. Ultimately, 

the host cells lyse and release the free parasites to infect new cells and tissues of 

different organs resulting in lesions and tissue destruction (Figure 2.1) (Mishra et al., 

2009). 

 

Figure 2.1: Life cycle of Leishmania parasite (CDC public library, 2015) 
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2.1.3 Clinical Manifestations 

Leishmania infection may vary from in apparent or subclinical to clinically overt 

disease which displays various forms i.e. limited to the skin or dissemination to the 

mucous membranes resulting in disfiguring scars associated with social stigma or 

systemic visceral leishmaniasis with fatal outcome (Pace, 2014). 

2.1.3.1 Cutaneous leishmaniasis (CL) 

Cutaneous leishmaniasis is considered as a category 1 emerging and uncontrolled 

disease by the World Health Organization (WHO) (De Vries, 2015). It is the most 

common form of disease and is initially characterized by skin lesions appearing as a 

painless papule, progressing into a nodule with a central crust underneath which is a 

hard dry ulcer in Old World while with wet lesion in the New World (Aara et al., 

2013). Cutaneous leishmaniasis is caused by L. major, L. infantum, L. tropica and     

L. aethiopica in the Old World while by L. panamensis, L. amazonensis,                    

L. braziliensis and L. mexicana  in the New World (Figure 2.2) (WHO, 2010). The 

size and appearance of skin lesions depends on the host immune system, genetic 

factors and as well as infecting specie. It is mostly common in exposed area of body 

i.e. neck, face and limbs which are easily accessible to sandflies. Healing can take up 

to several months or even years and may also leave a scar and effect skin 

pigmentation as well (Pace, 2014).  

2.1.3.2 Visceral leishmaniasis (VL) 

Visceral leishmaniasis or Kala-azar is the deadliest parasitic disease after malaria in 

tropical countries but still remains a neglected tropical disease even with a mortality 

rate of 20,000–40,000 deaths per year (Savoia, 2015). It is hypoendemic in 

Mediterranean countries and account for 5 %–6 % of the global burden (Figure 2.2). 

Human visceral leishmaniasis is primarily caused by L. infantum, L. chagasi and       

L. donovani (WHO, 2010). In most of the cases, infections remain asymptomatic but 

immunosuppression, malnutrition and HIV predispose to clinical diseases (Okwor and 

Uzonna, 2013).  

In West and Central Asia, North Africa and Southern Europe, visceral leishmaniasis is  
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mostly common in children (1-4 years age). However, incidence in adults has also 

risen due to the increase in numbers of immunosuppressed people (Desjeux and 

Alvar, 2003). The incubation time varies and symptoms may appear from 10 days to 

months after exposure (WHO, 2010). Abdominal distension, weight loss, anorexia 

and fever which continues over weeks to months, are common symptoms of both New 

and Old World VL in children (Braga et al., 2013; Ashkan and Rahim, 2008). 

Dissemination of the Leishmania in the body results in splenomegaly, hepatomegaly, 

pallor and parasites within the invaded organs (Badaro et al., 1986). Untreated 

symptomatic VL progresses to severe secondary infections, bleeding, multi-organ 

diseases and eventually death within 2-3 years (Collin et al., 2004). 

 

Figure 2.2: World map showing the distribution of cutaneous and visceral 

leishmaniasis 

2.1.3.3 Post kala-azar dermal leishmaniasis (PKDL) 

PKDL is a complication of VL occurring months to years after treatment of VL. It 

varies in severity and appears as a skin rash on the torso, limbs and face (Desjeux      

et al., 2013). It is predominantly observed in 50 % treated VL cases in Sudan and         

5-10 % cases in India It is largely restricted to areas where Leishmania donovani is 
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the causative parasite. PKDL is more common in children in Sudan while young 

adults are affected in India (Zijlstra et al., 2000). Although, mild cases may heal 

spontaneously within 1 year in Sudan but treatment is required for all cases in Asia 

(Desjeux et al., 2013). 

2.1.3.4 Mucocutaneous leishmaniasis (MCL) 

Development of MCL is similar to that of CL, and the two infections can occur 

simultaneously. Dissemination of the Leishmania parasite from a cutaneous lesion via 

blood vessels and lymphatic system may infect the mucosa of oral and upper 

respiratory tract (Fsadni et al., 2007). Rarely, direct contact between the cutaneous 

lesion and the mucous membrane also results in mucocutaneous leishmaniasis       

(Bari et al., 2012). Old World MCL is uncommon while the New World manifests as 

nodules which penetrate into nasal cartilage, cause obstruction of the nares leading to 

severe damage of the nasal septum and eventually nasal collapse (De Oliveira Guerra 

et al., 2011). The upper lip, pharynx, larynx and palate may also be affected resulting 

in severe tissue destruction as well as disfigurement (Amato et al., 2009). 

2.1.4 Prevalence in Pakistan 

Leishmaniasis is endemic and wide spread in Pakistan since many years, but recently 

it seems to become epidemic in the country (Bari, 2006). Both cutaneous and visceral 

leishmaniasis prevails over several endemic areas with diverse geographical and 

climatic conditions. Geographically, Pakistan is comprised of widely distributed 

lowland and highland areas. Gilgit, Baltistan, Azad Jammu and Kashmir, north of the 

Himalayas in the Karakoram ranges (Bhutto et al., 2003) are among the high land 

areas and VL is restricted in these areas. Among the low land areas, the central and 

southern parts of Pakistan are included where the weather is extremely hot. In Punjab, 

several cities mainly Multan and Dera Ghazi have shown high prevalence of CL. High 

incidences of both CL and VL have been reported from the Balochistan province 

along with the southern part bordering Afghanistan and Iran (Ayub et al., 2001). 

Moreover Quetta, Ormara, Uthal and Afghan refugee camps are the most affected 

areas with high prevalence of CL (Yaghoobi-Ershadi et al., 2001; Kolaczinski et al., 

2004; Parvizi et al., 2004; Shakila et al., 2006). Cutaneous leishmaniasis is also 

highly prevalent in Khyber pakhtunkhaw while in Sindh province, cases have been 
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reported from Larkana, Dadu, Jacobabad and Karachi (Figure 2.3). It was observed 

that the disease was affecting equally the adults and children. Mucocutaneous 

leishmaniasis is rarity but does exist in Pakistan. It has absolutely benign course as of 

CL in the region (Bari et al., 2012). 

 

Figure 2.3: Pakistan map showing the endemic areas of cutaneous leishmaniasis  

(Bari et al., 2006) 

2.1.5 Current Treatment Strategies 

Organic pentavalent antimonials i.e. pentostams and glucantimes were first line of 

defense against CL and VL from the 1940s, but increase in resistance and their 

potential toxicity seen in South America, Asia and Europe in last 20 years has led to 

the use of second line of defense such as amphotericin B (Croft et al., 2006). Food 

and Drug Administration (FDA) has approved the use of liposomal derivatives of 

amphotericin B for the treatment of VL (Sinha and Bhattacharya, 2014). These are 

now also preferred in Europe and developing countries due to more favorable safety 

profile and reduction in hospital stay (Sundar and Chakravarty, 2013). Paromomycin 

and miltefosine are some other drugs that have been recently brought onto the market 

(Sinha et al., 2011). Currently, miltefosine is the only available oral formulation 

highly effective in children (Palumbo, 2008).  
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New World cutaneous leishmaniasis is unlikely to heal spontaneously, hence 

treatment is offered for it. For instance; cryotherapy, thermotherapy, topical 

application of paromomycin cream and intralesional injections of antimonials are 

therapeutic options, though the effectiveness of treatment varies between different 

Leishmania species (Ameen, 2010). 

Increasing unresponsiveness to most of the monotherapeutic regimens led to 

combination therapy with antileishmanial drugs. It could prevent drug resistance and 

reduce the potential toxic side effects. Combination regimens are preferred in HIV 

infected individuals and in areas of high resistance (Sundar and Chakravarty, 2013). 

Several trials have been ongoing on alternative approaches to treat leismaniasis like; 

immunomodulators and immunotherapy. Immunomodulation involves the 

combination of products that activate the immune system with antileishmanial drugs. 

It enhances the immune response by activating macrophages and increasing nitric 

oxide production among other mechanisms to eliminate the infection. Nevertheless, 

immunomodulators are expensive for poor population (Croft and Coombs, 2003). 

Development of vaccines is also hampered due to difficulty in cultivation of parasites 

in the laboratory, the complexity of their multicellular organization, their multi stage 

development and impressive antigenic variability of the parasite (Kumar, 2013).  

Ineffective chemotherapeutic agents, toxicity of available drugs and increase in drug 

resistant parasites demands continuing development of new antiparasitic agents 

(Martínez-luis et al., 2011). Hence, a safe, cost-effective and non-toxic drug is 

urgently required to eliminate this problem from every corner of world. Vector 

control strategies and identification of the most cost effective surveillance system are 

some important aspect for the control and complete eradication of this deadly disease 

(Mishra et al., 2011). 
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2.2 Role of Natural Products in Antiparasitic Drug Discovery 

Nature has always been a source of medicinal products since ages. Natural products 

like secondary metabolites are produced in response to external stimuli by an 

organism (Strohl, 2000). Natural products offer unmatchable chemical diversity, 

structural complexity and biological potency (Newman and Cragg, 2010). Among all 

the natural sources; plants have formed the basis of traditional medicine system with 

earliest records "Mesopotamia" documenting approximately 1000 plant-derived 

substances dating from 2600 BCE. These include oils of Glycyrrhiza glabra 

(licorice), Commiphora sp. (myrrh), Papaver somniferum (poppy juice) and Cedrus 

sp. (cedar) used for the treatment of inflammation, coughs, colds and parasitic 

infections. Egyptian medicine record "Ebers Papyrus" also documents more than 700 

drugs of plant origin dating from 1500 BCE (Borchardt, 2002). These discoveries led 

to the exploration of natural sources in the drug discovery process. Many medicinal 

plants i.e. Strychnos pseudoquina (bark), Remijia ferruginea (bark), Cinchona 

calisaya (bark) and Deianira erubescens (roots and leaves) have been historically 

used against different parasitic diseases as well.  

However, in the recent past after the advent of combinatorial chemistry technology, 

isolation of bioactive natural products was not a preferred way for drug discovery. But 

high cost to discover and produce new compounds, insufficient structure complexity, 

limited structural rigidity, long term safety and environmental concerns led to the 

downfall of combinatorial approach (Alvin et al., 2014) and efforts are directed to   

re-explore the potential of natural products. The Drugs for Neglected Diseases 

Initiative (DNDi) has an operational screening programme for exploring natural 

resources for bioactive compounds (Pécoul, 2004). Ancient records and recent 

research both have established the fact that natural products have the potential to be a 

rich source of new agents for the treatment of tropical diseases caused by protozoans 

and other parasites (Mishra et al., 2011).  
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2.3 Endophytes- A New Aspect in Drug Discovery 

Microbial natural products have recently become the primary targets in drug 

screening programs due to their high diversity (Cragg and Newman, 2013). It has 

been estimated that only tip of microbial world has been touched and the rest still 

need to be explored (Staley et al., 1997). During last two decades, scientists have been 

looking for unusual ecological niches for natural bioactive compounds. It was 

observed that most of the wealth of microbial biodiversity exists in plant tissues 

(Strobel 2006; Porras-Alfaro and Bayman 2011). These asymptomatic microbes 

colonizing the intercellular and intracellular regions of healthy plant tissues at a 

particular time are called endophytes (Schulz and Boyle, 2006; Stone et al., 2000; 

Strobel, 2003). It has been estimated that there are around 300,000 plant species on 

earth and a single plant hosts many endophytes (Huang et al., 2007). These 

microorganisms are found everywhere, from temperate to the tropical and Arctic to 

Antarctic climates (Bacon and White, 2003).  

Endophytic fungi are the most frequently encountered group among endophytes 

(Staniek et al., 2008). These hidden members of microbial world are metabolically 

more active because they trigger diverse metabolic pathways to survive in the host 

tissues (Strobel 2006; Riyaz-ul-Hassan et al., 2012). They are capable of producing a 

wide range of enzymes that help in biosynthesis of complex and diverse molecules 

that are often difficult to mimic (Kusari and Spiteller, 2011). Interest in these 

microorganisms increased immensely due to their remarkable biotechnological 

potential (Hyde and Soytong, 2008) and the need to find novel compounds for the 

treatment of human diseases i.e. cancer, parasitic and microbial infections. The 

discovery of billion dollar anticancer drug, taxol produced by Taxomyces andreanae 

an endophyte of Taxus brevifolia also acted as a milestone to support the intensive 

search for new compounds from endophytic microorganisms (Stierle et al., 1993).  

2.3.1 Classification 

Endophytes are classified into two major groups i.e. the clavicipitaceous endophytes 

(C-endophytes) and the nonclavicipitaceous endophytes (NC-endophytes) based on 

plant hosts, differences in taxonomy, evolutionary relatedness and ecological 

functions. 



Chapter 2 

   

16 

 

2.3.1.1 C-endophytes  

C-endophytes also referred to as Class I, represents a small group of phylogenetically 

related species which inhabit some of the warm and cool season grasses (Bischoff and 

White, 2005). C-endophytes are further divided into three types, ranging from 

pathogenic and symptomatic species (Type I) to mixed interaction (Type II) and 

asymptomatic endophytes (Type III). C-endophytes are transmitted vertically, with 

maternal plants passing endophytes on to next generation via seed infections 

(Saikkonen et al., 2002). These endophytes increase drought tolerance, plant biomass, 

decrease herbivory and also synthesize chemicals that are noxious to animals 

(Rodriguez et al., 2009). 

2.3.1.2 NC-endophytes  

NC-endophytes are highly diverse, polyphyletic group of ascomycetes found in 

tissues of ferns, gymnosperms, angiosperms and nonvascular plants (Arnold and 

Lutzoni, 2007). NC-endophytes are further categorized into three groups as class 2, 

class 3, and class 4 (Rodriguez et al., 2009). This classification is based on 

mechanism of transmission between host generations, ecological function and host 

colonization pattern. Transmission in class 2 endophytes is either vertical or 

horizontal via spores while only horizontal in class 3 and 4 endophytes. These 

endophytes confer fitness benefits to their host by helping in adapting habitat-specific 

selective pressures like pH, salinity and temperature and non-habitat pressures i.e. 

drought tolerance and growth enhancement (Rodriguez et al., 2008). 

2.3.2 Endophytism: Interaction between Host and Endophyte 

Host plant-endophyte relationships are ubiquitous and diverse in nature (Mitter et al., 

2013). Endophytism is a balance of antagonisms between the host defense and the 

endophyte virulence factors. It seems that endophytes have successfully adapted 

themselves to overcome host defense system (Hamilton and Bauerle, 2012). The exact 

endophyte-host plant relationship remains indetermined and it might not be just 

equilibrium between virulence and defense but a complex and precisely controlled 

interaction governed by the genes of both the organisms and effected by the 

environmental factors (Figure 2.4) (Moricca and Ragazzi, 2008).  
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Figure 2.4: Schematic presentation of chemical-ecological interaction between 

plant and endophytes (Kusari et al.,  2012) 

Studies have shown that host plants from different geographical origin and continents 

harbor diverse endophytes (Arnold and Lutzoni, 2007; Hoffman and Arnold, 2008) 

and the structure and function of the endophytic microbiome is influenced by host 

genetic factors (Ahlholm et al., 2002; Hardoim et al., 2011). The communication 

between endophytic microbiome i.e. endophytic fungi, endophytic bacteria, 

endophytic viruses and with the host plants under different abiotic and biotic stress 

condition is a distinct aspect of endophytism (Rodriguez and Roossinck 2012; Kusari 

et al., 2012), which shapes natural product patterns of endophytes, plant metabolite 

synthesis and host performance in stressed condition (Hamilton and Bauerle, 2012). 

In this context, endophytes contribute to host plant adaptation to abiotic (e.g. drought 

tolerance) and biotic (e.g. pathogens, herbivores) stress factors (Waller et al., 2005; 

Akello et al., 2007; Giordano et al., 2009) either directly by releasing metabolites i.e. 

hydrolytic enzymes or antibiotics (Strobel, 2003; Berg and Hallmann, 2006) to attack 

any antagonists or indirectly by inducing host defense mechanisms and promoting 

growth, a process known as induced systemic resistance (Kloepper and Ryu, 2006). 
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2.3.3 Secondary Metabolites from Endophytic Fungi 

Endophytes act as chemical synthesizers inside plants (Owen and Hundley 2004). 

Endophytic fungi produce secondary metabolites which although have novel chemical 

diversity but are synthesized by a few common biosynthetic pathways such as 

polyketide, shikimic and mevalonic acid pathway (Figure 2.5). Bioactive secondary 

metabolites from endophytic fungi have reduced cell toxicity, as these chemicals do 

not kill the eukaryotic host system. This is of significance as potential drugs may not 

adversely affect human cells (Alvin et al., 2014). Several endophytic fungi have been 

reported to produce broad range of antimicrobial, antiparasitic, anticancer, antiviral, 

antidiabetic, anti-inflammatory, immunosuppressive and insecticidal metabolites. 

 

Figure 2.5: Outline of the central metabolic pathways of fungi involved in 

secondary metabolism (Deacon, 2005) 
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2.3.3.1 Antimicrobial compounds 

Endophytes produce secondary metabolites as a resistance mechanism to overcome 

pathogens (Tan and Zou, 2001). These secondary metabolites are low molecular 

weight natural compounds that are active against other microorganisms at low 

concentrations. Endophytes produce several antimicrobials belonging to diverse 

structural classes i.e. alkaloids, terpenoids, steroids, phenols, flavonoids, quinines and 

peptides (Yu et al., 2010). 

Several studies have reported the antimicrobial potential of endophytic fungi 

(Deshmukh et al., 2015). Hemberger et al., (2013) investigated the antimicrobial 

activity of pestalotiopen A isolated from endophytic Pestalotiopsis sp. against 

Enterococcus faecalis. Hussain et al., (2012) reported the antibacterial potential of 

endophytic Phomopsis and isolated phomosine K, epiepoxydo, epoxydon 

monoacetate, 2-hydroxymethyl-4β,5α,6β-trihydroxycyclohex-2-en and phyllostine. 

The compounds exhibited strong inhibition of Legionella pneumophila Corby, 

Escherichia coli K12 and Bacillus megaterium. In another study by Sebastianes et al., 

(2012), 3-Hydroxypropionic acid (3-HPA) isolated from Diaporthe phaseolorum 

showed activity against both Salmonella typhi and Staphylococcus aureus         

(Figure 2.6b). Similarly, in another study Erbert et al., (2012) isolated dicerandrols C 

from Phomopsis longicolla endophyte of Bostrychia radicans. It showed promising 

activity against S. saprophyticus and S. aureus. 

Another study reports, phomosines isolated from Phomosis sp. showing notable 

antibacterial activity against B. megaterium (Krohn et al., 2011). Kharwar et al., 

(2008) reported antibacterial naphthaquinone javanicin produced by Chloridium sp. 

an endophyte of Azadirachta indica, active against Pseudomonas sp. Several 

heterogenous bioactive secondary metabolites have also been characterized from 

Trichoderma sp. i.e. harzianolide, T39butenolide and harzianopyridone (Vinale et al., 

2006). Periconicins A and B, with antibacterial activities are produced by Periconia 

sp. an endophyte from Taxus cuspidate (Kim et al., 2004). Wagenaar and colleagues 

(2001) also reported antibacterial dicerandrols A–C isolated from endophytic fungus 

Phomopsis longicolla from Dicerandra frutescens.  
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                (a)                                                    (b) 

Figure 2.6: Structures of antibacterial compounds (a) Phomosine                              

(b) 3-Hydroxypropionic acid 

Antifungal metabolite botryorhodines A–D have been isolated by Abdou et al., (2010) 

from endophytic fungi Botryosphaeria rhodina isolated from Bidens pilosa         

(Figure 2.7a). Similarly, Dai et al., (2009) investigated the antifungal potential of 

Nodulisporium sp. and isolated three compounds i.e. nodulisporins,                            

3-(2, 3-dihydroxyphenoxy)-butanoic acid and 2, 4, 6-trimethyloct-6-ene-3, 5-diol,     

5-hydroxy-2-hydroxy-methyl-4H-chromen-4-one. Another study reports, three 

antifungal metabolites phomonitroester, deacetylphomoxanthone B and 

phomoenamide isolated from Phomopsis sp. PSU-D15 (Rukachaisirikul et al., 2008). 

Jesterone is also an antifungal compound isolated from Pestalotiopsis jester              

(Li and Strobel, 2001) (Figure 2.7b). 

 

                                     (a)                                                             (b) 

Figure 2.7: Structures of antifungal compounds (a) Botryorhodines (b) Jesterone  
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2.3.3.2 Antiparasitic compounds 

Parasitic infections caused by protozoa and helminths infect billions of people in 

tropics, causing major human chronic diseases. World Health Organization (WHO) 

estimates that 25 % of the human population is infected with parasitic worms 

(Martínez-luis et al., 2011). In recent past endophytes have been screened for the 

production of antiparasitic compounds against neglected tropical diseases (NTD’s) 

such as leishmaniasis, trypanosomiasis and malaria. Do Nascimento et al., (2015) 

isolated three antileishmanial metabolites cochlioquinone A, isocochlioquinone A 

(Figure 2.8a) and anhydrocochlioquinone from Cochliobolus sativus, an endophyte of 

Vernonia polyanthes and inhibited L. amazonensis. Similar results were observed by 

Cochliobolus sp. isolated from Piptadenia adiantoides (Campos et al., 2008). 

Chemical investigation of Fusarium oxysporum SS46 isolated from the roots of 

Smallanthus sonchifolius, led to the discovery of beauvericin; a leishmanicidal    

cyclo-hexadepsipeptide compound (Do Nascimento et al., 2012). It had been 

previously reported as an anticancer, antibacterial and antiviral compound (Wang and 

Lijian, 2012) but the antileishmanial activity against L. braziliensis has been first time 

reported.  

Moreno and his co-workers (2011) reported leishmanicidal metabolite, cercosporin 

from a new endophytic fungus Mycosphaerella sp. isolated from a Panamaian plant  

Psychotria horizontalis. It showed high activity against Leishmania donovani       

(IC50 0.46 μM), Trypanosoma cruzi (IC50 1.08 μM), Plasmodium falciparum          

(IC50 1.03 μM) and MCF-7 cancer cell lines (IC50 4.68 μM). Martinez-Luis et al., 

(2008) also isolated antileishmanial compounds; palmarumycin CP2, palmarumycin 

CP17, palmarumycin CP18 (Figure 2.8b) and preussomerin EG1 from Edenia sp. an 

endophyte of Petrea volúbilis. All metabolites showed significant inhibition of          

L. donovani but didn’t show activity against T. cruzi and P. falciparum indicating 

selective activity against Leishmania (Martínez-Luis et al., 2008). Same group 

isolated three more antileishmanial compounds from Edenia sp. palmarumycin CP19, 

preussomerin EG2 and 5-methy-lochracin (Martínez-Luis et al., 2009). 

Palmarumycins also showed antineoplastic effects by inhibition of the G2/M 

transition of the cell cycle in mammalian cells (Lazo et al., 2001). Marinho and       
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co-workers (2005) isolated an antileishmanial compound polyketide citrinin produced 

by Penicillium janthinellum isolated from Melia azedarach (Figure 2.8c). 

Martínez-Luis et al., (2011) investigated the antileishmanial activity of several other 

endophytic fungi belonging to different regions of Panama. Nectria sp. strain F1491, 

Diaporthe sp. strain F1566, Penicillium sp. strain F1534 and Hypocrea sp. strain 

F1644 marked >90 % inhibition against L. donovani. These findings show the trend 

that new antileishmanial drugs can be obtained from endophytic fungi. 

                         

 (a)                                                                   (b) 

             

                                 (c)                     

Figure 2.8: Structures of antiparasitic compounds (a) Isocochlioquinone A         

(b) Palmarumycin CP17 (c) Citrinin                 
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Aly and co-workers (2011) isolated four antitrypanosomal compounds                    

11α-methoxycurvularin, 5-chloro-6,8,10-trihydroxy-1-methoxy-3-methyl-9(10H) 

anthracenone, 11β-methoxycurvularin and trichodimerol from endophytic Penicillium 

sp. Altenusin is another trypanocidal compound isolated from Alternaria sp. 

endophytic in Trixis vauthieri. It showed inhibition of trypanothione reductase (TR) 

for the first time in its class of metabolites (Cota et al., 2008).  

Cao and Clardy (2011) reported strong antimalarial activity exhibited by 

Pestalopyrone isolated from Phomatospora bellaminuta. It is being considered as a 

prototype molecule for antimalarial drugs. Pullularin A, B and C isolated from 

endophytic fungus Pullularia sp. also showed antimalarial activity (Isaka et al., 2007). 

Three lactones; phomalactone, 6-(1-propenyl)-3,4,5,6-tetrahydro-5-hydroxy-4Hpyran-

2-one and 5-hydroxymellein having antiplasmodial activity have also been isolated 

from Xylaria sp. endophytic in leaves of Siparuna sp. (Jiménez-Romero et al., 2008). 

2.3.3.3 Anticancer compounds 

Cancer is basically unregulated cell proliferation leading to uncontrolled tissue growth 

(Ka et al., 2012). It has been considered as the leading cause of death worldwide. 

Current treatment approaches are non-specific towards normal cells, lack efficacy and 

pose serious side effects (Carvalho et al.,  2012). This situation demands to develop 

more effective treatment. The discovery of the multi-billion dollar anticancer 

compound paclitaxel (Figure 2.9) producing endophytic fungus Taxomyces andreanae 

from the Pacific yew tree highlighted the potential of endophytes to synthesize plant 

associated metabolites (Stierle et al., 1993, 1995). Paclitaxel has activity against 

advanced forms of kaposi’s sarcoma and several tumors types i.e. ovarian, breast, 

lung, head and neck cancers as well (Aly et al., 2013; Nisa et al., 2015). The mode of 

action of taxol involves binding to tubulin and inhibiting the depolymerization of 

tubulin molecules during the processes of cell division, thus inhibiting cancer growth 

(Schiff and Horowitz, 1980). 
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Figure 2.9:  Structure of anticancer compound taxol 

Kharwer et al., (2011) reported that over 50 different endophytic fungal species have 

been isolated with the potential to produce around 100 anticancer compounds of 19 

different structural classes with activity against 45 different cell lines. 

Anhydrofusarubin and beauvericin from endophytic strain Fusarium oxysporum, also 

presented significant cytotoxic activity against three cancer cell lines SF295 (brain), 

MDA-MB435 (melanoma) and HCT-8 (colon) (Do Nascimento et al., 2012). 

Furthermore, paclitaxel has been reported from endophytes of plants other than Taxus 

sp. such as Colletotrichum gloeosporioides, Bartalinia robillardoides (Gangadevi and 

Muthumary 2008 a, b) and Pestalotiopsis microspora (Strobel et al., 1996). The 

cytotoxic activities of epoxyphomalins A–E isolated from Paraconiothyrium sp. were 

investigated in a panel of 36 human tumor cell lines. Results showed that one of the 

compound was selectively cytotoxic toward BXF1218L (bladder) and PC3M 

(prostate) cancer cell lines with IC50 of 1.43 and 0.72 µM, respectively (Mohamed    

et al., 2010). Similarly, Ge et al., (2005) demonstrated the cytotoxic potential of 

altersolanol B, deoxybostrycin, dactylariol and a new anthraquinone pleospdione 

against leukemia and colon cancer cell lines. These anthraquinones were isolated from 

Pleospora sp. an endophytic fungus in Imperata cylindrical. 

The lignin podophyllotoxin is another anticancer compound naturally produced from 

Podophyllum species (endangered plant). It prevents the polymerization and assembly 

of tubulin into the mitotic-spindle microtubules, thus stopping the cell cycle at mitosis 

(Guerram et al., 2012). It has been frequently described as a fermentation product of 

endophytic fungi Mucor fragilis from Sinopodophyllum hexandrum (Huang et al., 
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2014). The endophytic fungal strains Phialocephala fortinii and Trametes hirsuta 

isolated from Podophyllum peltatum and P. hexandrum, respectively were also 

reported to produce podophyllotoxin (Eyberger et al., 2006; Puri et al., 2006). 

Similarly, Fusarium oxysporum endophyte of the Juniperus recurve (Kour et al., 

2008), F. solani endophyte of P. hexandrum (Nadeem et al., 2012) and Aspergillus 

fumigatus (Kusari et al., 2009b) isolated from Juniperus communis also showed the 

production of podophyllotoxin (Figure 2.10). 

 
Figure 2.10: Structure of anticancer compound podophyllotoxin 

Camptothecin was isolated from the medicinal plant Camptotheca acuminate in China 

and exhibited potent antitumor and antileukemic activities. It inhibits the dissociation 

of the DNA–topoisomerase I complex during replication (Pommier et al., 2006). 

Campotothecin and its 9-methoxy and 10-hydroxy derivatives have also been isolated 

from Entrophosphora infrequens and Fusarium solani; endophytes of Nothapodytes 

foetida and Camptotheca acuminate, respectively (Puri et al., 2005; Rehman et al., 

2008; Kausri et al., 2009). Water soluble derivatives of camptothecin i.e. camptosar 

and hycamtin are among the most recently FDA-approved anticancer drugs for the 

treatment of colorectal and ovarian cancers, respectively (Kharwar et al., 2011). 

 
Figure 2.11: Structure of anticancer compound camptothecin 
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2.3.3.4 Antioxidant compounds  

Antioxidants compounds are highly effective in damages caused by oxygen-derived 

free radicals and reactive oxygen species in cancer, cardiovascular diseases, 

rheumatoid arthritis, hyper tension, diabetes mellitus, neurodegenerative diseases i.e. 

parkinson and alzheimer diseases (Valko et al., 2007; Seifried et al., 2007; Huang     

et al., 2007). Fungal endophytes appear to be a good source of novel antioxidants. 

Recently, antioxidant resveratrol has been reported from  endophytic fungi Mucor sp. 

(Nicoletti and Fiorentino, 2015). Similarly, an endophytic fungi Acremonium sp.  

isolated from Garcinia griffithii was investigated for its antioxidant potential and a 

sesquiterpene 3,5-dihydroxy-2,5-dimethyltrideca-2,9,11-triene-4,8-dione was isolated 

with potent antioxidant activity (Elfita  et al., 2012).   

Graphislactone A is a phenolic antioxidant compound isolated from Cephalosporium 

sp. IFB-E001 and Microsphaeropsis olivacea; endophytes of Trachelospermum 

jasminoides and Pilgerodendron uviferum, respectively. It showed significant free 

radical-scavenging and antioxidant activity stronger than the standards, ascorbic acid 

and butylated hydroxytoluene (Song et al., 2005; Hormazabal et al., 2005). Harper 

and colleagues (2003) also investigated the antioxidant potential of Pestalotiopsis 

microspore, an endophyte from Terminalia morobensis and isolated pestacin and 

isopestacin displaying potent antioxidant activity.  

2.3.3.5 Antiviral compounds 

Viral diseases such as influenza, HIV, hepatitis B and C, ebola, yellow fever and 

dengue fever causes some of the greatest health risks known to humans (Stadler et al., 

2003). Several studies have shown the potential of endophytic fungi in production of 

antiviral compounds. Liu et al., (2010) demonstrated the isolation of antiviral 

sesquiterpenoids brasilamides A–D, from the endophytic fungus Paraconiothyrium 

brasiliense. Arunpanichlert and co-workers (2010) investigated endophytic fungus 

Penicillium sclerotiorum and isolated an antiviral compound sclerotiorin. Pestalotheol 

C, isolated from Pestalotiopsis theae also demonstrated anti-HIV properties (Li et al., 

2008b). In another study, Pittayakhajonwut et al., (2005) isolated                            

1,8-dihydroxynaphthol 1-O-a-glucopyranoside and mellisol from endophytic fungus 

Xylaria mellisii with inhibitory activity against herpes simplex virus type 1.           
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Guo et al., (2000) also reported the production novel human cytomegalovirus protease 

inhibitors i.e. cytonic acids A and B from endophytic fungus Cytonaema sp. 

Hinnuliquinone, is another potent inhibitor of HIV-1 protease isolated from the 

endophyte of Quercus coccifera (Singh et al., 2004).  

2.3.3.6 Immunosuppressive compounds 

Immunosuppressive drugs are used to treat autoimmune diseases i.e. rheumatoid 

arthritis and insulin-dependent diabetes and also prevent allograft rejection in organ 

transplantation. Lee et al., (1995a) investigated endophytic Fusarium subglutinans 

and reported the production of noncytotoxic diterpene pyrenes; subglutinol A and B 

(Figure 2.12). They were approximately as potent as the immunosuppressant drug 

cyclosporin A. Ren et al., (2008) also reported a new compound collutelin A, isolated 

from endophytic fungi Colletotrichum dematium exhibiting strong 

immunosuppressive activity by inhibiting the activation of CD4
+
 T cell.  

 

Figure 2.12: Structure of immunosupressant compound subglutinol A 

2.3.3.7 Insecticidal compounds  

Kusari et al., (2012) recently described the production of phagorepellents and 

antifeedants i.e. azadirachtin A and B from Eupenicillium parvum, an endophyte from 

Azadirachta indica. They have potential as lead compounds for the development of 

natural insecticides with less hazards on health and environment (Biswas et al., 2002). 

Shao and colleagues (2010) also discovered penicinoline, a new alkaloid from 

endophytic Penicillium sp. with strong insecticidal activity against the sucking pest 

Aphis gossypii. Loline alkaloids isolated form Neotyphodium sp., endophyte in 

grasses were found to exhibit toxic and deterrent effects towards invertebrate and 
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vertebrate herbivores as well (Schardl et al., 2007). Investigation of endophytic fungi 

Claviceps purpurea and Claviceps chaetomium has exhibited significant insecticidal 

activity towards the cotton aphis (Zhang et al., 2010). 

2.3.3.8 Anti-inflammatory compounds 

Many reports have shown that endophytes are a rich source of novel                       

anti-inflammatory compounds. Weber and coworkers (2004) investigated endophytic 

fungus Phomopsis for anti-inflammatory activity and isolated two active compounds; 

phomol and mevinic acid. In a similar study by Wang et al., (2010) four compounds 

entepicoccin G, diketopiperazine and epicoccins M and R were isolated from 

endophytic Epicoccum nigrum, exhibiting potent anti-inflammatory activities. 

Deshmukh et al., (2009) also reported the isolation of anti-inflammatory compound 

ergoflavin, a pigment from an endophytic fungus growing on the leaves of an Indian 

medicinal plant Mimosops elengi. 

2.3.4 Enzymatic Potential of Endophytic Fungi 

Currently, the research on endophytic fungi is focused on the ability to produce and 

accumulate secondary metabolites and less attention has been paid on endophytic 

enzymes although they have been known as enzyme producers for their natural needs, 

to penetrate and colonize their plant hosts (Corrêa et al., 2014). 

In the last decade various researchers have shown the enzymatic potential of 

endophytic fungi with practical application. Most of these enzymes degrade 

components of lignocellulosic materials. Endophytic fungi produce two types of 

extracellular enzymatic systems involved in degradation of lignocellulosic fibers:     

1. The oxidative ligninolytic system comprises of ligninases, peroxidases and 

laccases which degrades lignin and opens the phenyl rings.  

2. The hydrolytic system consisting of cellulases and xylanases involved in 

polysaccharide degradation.  

Moreover, endophytic fungi may also become new sources of industrially useful 

enzymes such as proteases, amylases, phytases and lipases (Corrêa et al., 2014). 
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2.4 Techniques Used for Purification and Characterization of Natural Products  

      Several approaches have been established to isolate and purify the natural products 

from biological material. In case of endophytes, the first step involves the 

fermentation of the fungi followed by the extraction of all the secondary metabolites 

from the microbial source with the help of suitable polar or non-polar organic solvent 

e.g. n-hexane, ethylacetate (EtOAc), dichloromethane (DCM), n-butanol, ethanol 

(EtOH), methanol (MeOH) or water. Mostly medium polar ethyl acetate is the solvent 

of choice in case of microbial extraction. During the process of extraction, firstly 

organic solvent diffuses into cells and solubilize the metabolites, then finally diffuse 

out of the cells enriched in the extracted metabolites. Several extraction methods can 

be used which are fast, simple, exhaustive, economical, environment-friendly and 

reproducible such as liquid–liquid extraction, liquid solid extraction, liquid ion 

exchange extraction, ultra-sonic assisted extraction, aqueous alcoholic extraction by 

fermentation and  freeze-drying prior to the extraction also help in efficient extraction 

of microbial metabolites (Sarker and Nahar, 2012; Haq et al., 2012). 

        Natural product extracts are usually combination of many types of phytochemicals or 

bioactive compounds with different polarities. An overview of various types of 

phytochemicals present in an extract can be determined by phytochemical screening 

prior to bioactive compound isolation. Phytochemical screening can be performed 

with the appropriate tests for detection of alkaloids, terpenes, anthraquinones, 

flavonoids, phenols, saponins, tannins and volatile oils (Sasidharan et al., 2011).  

Extracts contain highly complex mixtures of neutral, acidic, basic, hydrophilic, 

lipophilic or amphiphilic compounds. Fractionation of this mixture helps in separation 

of components (Sarker and Nahar, 2012). Different chromatographic systems can be 

employed for the separation such as thin layer liquid chromatography (TLC), column 

chromatography (CC), vacuum liquid chromatography (VLC), medium pressure 

column chromatography (MPLC), size exclusion chromatography (SEC), flash 

chromatography (FC), high performance liquid chromatography (HPLC) and  

preparative HPLC with suitable mobile phase and stationary phase e.g. silica gel or 

C18 silica (Sasidharan et al., 2011).  

Isolated natural compounds are identified or characterized by conclusive structure 

elucidation techniques like nuclear magnetic resonance spectroscopy (NMR),        
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mass spectroscopy and X-ray crystallography. NMR is the only powerful, 

nonselective, analytical technique that has been used for last 50 years that enables to 

determine molecular structure by providing information on the types and number of 

protons and carbons present in the molecule and the relationships among these atoms 

(Griesinger, 1996). Modern NMR spectroscopy offers a wide range of 1D and 2D 

experiments for structure elucidation. 1D 
1
H or 

13
C NMR are helpful in analyzing 

small and simpler organic molecules while 2D NMR techniques are required for 

complex molecules (Martin and Zekter, 1988). 2D NMR methods include 

heteronuclear multiple bond correlation (HMBC), heteronuclear single quantum 

coherence (HSQC), nuclear overhauser effect spectroscopy (NOESY), correlation 

spectroscopy (COSY) and rotating-frame overhauser effect spectroscopy (ROESY) 

(Colegate and Molyneux, 2007). Mass spectrometry is another structure elucidation 

technique used to determine the molecular mass, molecular formula and 

fragmentation pattern of a compound (Sparkman, 2000). Most commonly used 

techniques are: chemical ionization mass spectrometry (CIMS), electron impact mass 

spectrometry (EIMS) and electrospray ionization mass spectrometry (ESIMS). These 

techniques facilitate the purification and characterization of compounds and play a 

vital role in drug discovery process (Sarker and Nahar, 2012). 

Isolation of bioactive secondary metabolites is usually monitored by bioassays which 

are fast and require small amount of test compound. The selection of appropriate, 

reliable, predictive, sensitive and reproducible bioassay plays an important role in the 

process of drug discovery (Dey and Harborne, 1991). Several bioassays like 

antibacterial, antifungal, anticancer, antiparasitic, antioxidant, anti-HIV and 

antidiabetic can be used to access the biological potential of the crude extract as well 

as the pure compound. Different bioassays, purification and structural elucidation 

techniques enabled the researchers to obtain active compound or drug lead from 

natural sources.  

2.5 In silico Approaches in Drug Designing 

In the last decade in silico methods have been developed and applied in the drug 

discovery programmes. These methods include quantitative structure-activity 

relationships, databases, molecular modeling and docking etc (Ekins et al., 2007). 

Today, in silico methods help to simulate virtually every aspect of drug discovery and 
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development (Swaan and Ekins, 2005). They have found several applications in 

synthetic medicinal chemistry but it’s uncommon to apply in silico tools to natural 

products drug discovery (NPDD). However, recently there has been focus on the 

application of virtual screening to natural product drug discovery and how it can fuel 

the much needed renewed interest in NPDD (Rollinger et al., 2008).  

Target identification in the microorganism is essential for the optimization of active 

compound. Common characteristics of a drug target include essentiality, 

selectivity/specificity, assayability and drugability (Crowther et al., 2010). Several 

leishmanial proteins are identified as potential drug targets. Most of these targets 

include enzymes that are critical in life-cycle of the pathogen such as phosphoglucose 

isomerase (Cordeiro et al., 2004) and glyceraldehyde-3-phosphate dehydrogenase 

involved in glucose metabolism (Zhang et al., 2013); cysteine proteases involved in 

cysteine metabolism (Mottram et al., 2004); trypanothione reductase (TR) and 

trypanothione synthase (TS) involved in maintaining trypanothione level (Krauth-

Siegel and Inhoff, 2003) and spermidine synthase (Roberts et al., 2007) in 

maintaining polyamine levels.  

Three dimensional structures of the target proteins provide valuable insights into the 

function of protein (Genheden, 2012) as well as in understanding the interaction 

between the drug and target protein. Structural information of the target protein can be 

obtained from Protein Data Bank (RCSB PDB), which is the single worldwide 

archive of structural data of biological molecules obtained through different 

experimental techniques like NMR and X-ray crystallography. Currently PDB holds 

117882 experimentally determined structures which are increasing at an exponential 

rate. Despite rapid increase in PDB data, still there is a large gap between the number 

of known protein sequences and the number of known protein structures (Schwede et 

al., 2003; Hillisch et al., 2004). Absence of experimental structure leads to the use of 

computational methods to predict 3D protein models. Comparative or homology 

modeling of the proteins provides a reliable, fast and cost-effective method. 

Bioinformatics software and tools i.e. MODELLER, SWISS MODEL and               

3D JIGSAW etc. are used to generate the 3D structure of the target on the basis of the 

known 3D structure of a related protein. Homology modelling is based on the fact that 

structure of a protein is more conserved than its amino acid sequence and that small 
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changes in sequence normally result in little variation in the 3D structure (Lesk and 

Chothia, 1986). Homology modelling is a multistep process involving identification 

of known related 3D protein structure which can act as template  

1. Sequence alignment of target and template sequence 

2. Model building of the target based on the structure of template  

3. Model optimization 

4. Model validation with the help of online servers i.e. PROCHECK, 

WHATCHECK, Verify_3D and ERRAT (Joo et al., 2012).  

Quality of the model is directly linked with the sequence identity between template 

and target sequences, as a general rule that, 50 % sequence similarities result in 

accurate models (Takeda-Shitaka et al., 2004). Several proteins have been modelled 

using homology modeling. It is a powerful tool to suggest modelling of mutagenesis 

experiments, enzyme-substrate interactions, ligand-receptor interactions, lead 

optimization, loop structure prediction and to identify hits (Vyas et al., 2012). 

 

Figure 2.13: Steps involved in homology modelling 

Improved computational power and the growing ease of data availability in protein 

databases have led to the emergence of the field called molecular docking. So, the 
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active compound can be docked in the target protein to better understand the behavior 

of the compound in the active site of target. It is the most frequently used tool to 

predict the binding modes in drug-receptor interactions by achieving an optimized 

conformation for receptor and ligand (Morris and Lim-Wilby, 2008). It is also used 

for hit identification and lead optimization in modern drug discovery research 

(McConkey et al., 2002). More than 30 different docking programs are available 

today (Sousa et al., 2006) for instance; FlexX (Rarey et al., 1996), Genetic 

Optimization for Ligand Docking (GOLD) (Verdonk et al., 2003), DOCK (Ewing et 

al., 2001) and AutoDock (Huey et al., 2007). 

Docking is usually done using two methodologies, one in which the target protein and 

ligand are both treated as rigid bodies and the search space is limited while the second 

in which both receptor and ligand are flexible so that both can change their positions 

to form a perfect-fit complex. However, experiments with flexible receptor are very 

costly. Thus the most common approach is that receptor is kept rigid and ligand is 

treated as flexible during docking. Almost all the docking programs, such as 

AutoDock and FlexX have adopted this methodology (Meng et al., 2011). 

The docking efficiency can be considerably increased with knowledge about the 

binding site in the target protein before docking. In many cases, the binding site is 

known and information about binding sites can also be obtained by comparing target 

protein with other proteins of similar function (Meng et al., 2011). In the absence of 

any knowledge about the binding sites, online servers or cavity detection programs, 

e.g. POCKET (Levitt and Banaszak, 1992), GRID (Kastenholz et al., 2000) and PASS 

(Brady and Stouten, 2000) can be employed for the identification of potential active 

sites within proteins. Docking without any knowledge about the binding site is called 

blind docking.  

Molecular docking aids drug discovery process by providing vital information of 

affinity and activity of lead compounds. Docking protocols predict ligand affinity 

through two components; first generating all possible binding configurations of ligand 

with receptor molecule through search algorithms and then prioritizing the binding 

modes to predict the feasible and accurate binding conformation through scoring 

function (Kaapro and Ojanen, 2002; Morris and Lim-Wilby, 2008; Taylor et al., 

2002). Fitting of the potential ligand to the target protein depends on the preferred 
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positioning of one molecule bound to the second to form a stable complex. 

Knowledge about favored orientation helps in predicting the strength of association 

and binding affinity between the two molecules.  

2.6 Conclusion 

 Natural sources have always been a munificent source of pharmaceutically important 

compound and endophytic fungi are amongst the most interesting natural sources for 

production of diverse bioactive and chemically novel compound. This hidden source 

is scarcely explored with respect to antiparasitic potential. Limited interest and silence 

from health authorities to recognize and highlight leishmaniasis as a notable disease 

has also aggravated the situation. A zealous and determined approach including 

various disciplines like molecular biology, medicinal chemistry, bioinformatics and 

metabolomics is required to unveil the treasure of endophyte and explore 

antileishmanial drugs.  
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3.1 INTRODUCTION 

Natural products have always been used as candidates for designing effective drugs 

against various diseases. Recent research is focusing on investigating unexplored 

ecological niches for natural products. Endophytic fungi are one such promising, 

underexplored reservoir of natural product. It has been estimated that at least one 

million species of these microbes reside in plants (Dreyfuss and Chapela, 1994). They 

hold an immense potential to produce novel secondary metabolites and enzymes, 

which can be exploited in agricultural, pharmaceutical and other industries. These 

diverse secondary metabolites with equally diverse biological activities have been 

optimized by ecological, environmental and evolutionary factors (Aly et al., 2013). 

The true potential of these endophytes is untapped, thus, researchers have a growing 

interest in bioprospecting of endophytic microbial communities living in plants from 

various ecosystems (Golinska et al., 2015). 

The present study was aimed at exploring the bioactive potential of endophytic fungi 

of Taxus fuana. This chapter explains the small scale fermentation of five endophytic 

fungi cultivated on four solid state media followed by extraction by organic solvent 

ethyl acetate. Primary crude extracts were screened to determine phytochemicals i.e. 

total phenolic content and total flavonoid content. Multimode biological activities 

including three antioxidant assays: total antioxidant capacity, reducing power and 

DPPH free radical scavenging activity; antibacterial activity against 9 bacterial strains 

including 2 gram positive (G
+
) and 6 gram negative (G

-
) bacteria; anti-leishmanail 

activity against 2 Leishmania strains i.e. L. tropica, L. amazonensis and anticancer 

activity by examining nuclear factor kappa-B (NFĸB) and K-Ras inhibition, were 

determined. Cytotoxic activities were evaluated against 4 cancer cell lines i.e. human 

colon adenocarcinoma cell line HT-29, prostate cancer cell line PC-3, breast cancer 

cell line MCF-7 and estrogen receptor negative human breast cancer cell line     

MDA-MB-231. Enzymatic profile of these fungi were evaluated for 7 enzymes i.e. 

amylase, cellulase, pectinase, lipase, laccase, protease and tyrosinase. This 

preliminary biological assessment helped to establish the bioactivity of endophytic 

fungi and aided in selection of P. milleri, M. hiemails and Paraconiothyrium sp. for 

secondary metabolite isolation. 
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3.2 MATERIAL AND METHODOLOGY 

3.2.1 Strain Collection and Maintenance 

A total of 5 endophytic fungal strains were obtained from Microbiology Research Lab 

(MRL) of Quaid-i-Azam University, Islamabad. Three strains were previously 

isolated from leaves while two were isolated from bark of Taxus fuana (previously 

identified as Taxus baccta; re-identified as Taxus fuana; Shah et al., 2008), found in 

the Nathyagali, West Himalayan region of Pakistan (Fatima, 2013). The strains were 

maintained at 4ºC on PDA slants and identified at the molecular level as  

 Plectania milleri- NFL1 (KC812764.1) 

 Trichoderma asperellum T77- NFL2 (JX838791.1) 

 Paraconiothyrium sp.- NFL6 (KC797169.1) 

 Mucor hiemalis  MH1- NFW6 (JX845511.1) 

 Epicoccum nigrum- NFW7 (JX838793.1) 

3.2.2 Small Scale Fermentation of Endophytic Fungi 

Solid state fermentation of the endophytic fungi was carried out on four media i.e. 

potato dextrose agar (PDA), sabouraud dextrose agar (SDA), Taxol media (TM) and 

rice.  

3.2.2.1 Culture media and growth conditions 

PDA and SDA media were purchased from Oxoid, UK and prepared according to 

manufacturer’s guidelines. The composition of TM media is given in Table 3.1. 

Chemicals were purchased from Oxoid, UK and Sigma-Aldrich. Rice medium was 

prepared by adding 100 g rice in 100 ml distilled water. Rice were soaked in water 

and left overnight before autoclaving at 121°C.  

In case of agar based media, 4L of each media was prepared in petri plates, mycelial 

agar plug (0.5×0.5 cm
2
) from fresh plate of fungal isolates was shifted in the center of 

plates and incubated for 15-21 days at 25°C. While, rice cultures were prepared in 

flasks and inoculated using agar plugs and incubated at 25°C in static condition for 

15-21 days. 
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Table 3.1: Composition of TM media 

3.2.3 Extraction of Secondary Metabolites 

After the incubation period, all the fungal cultures were separately extracted with 

ethyl acetate (HPLC grade, Sigma-Aldrich). Fungal mycelial mass, along with the 

agar, was sectioned with sterile scalpel into small pieces to allow exhaustive 

extraction with ethyl acetate (1000 ml x 3 times). It was followed by overnight 

incubation under shaking conditions. Then, extracted solvent was filtered with 

Whatmann filter paper. Organic layers were mixed and concentrated under vacuum 

using rotary evaporator. In the same way, rice cultures were soaked in ethyl acetate 

(100 ml x 3 times) overnight followed by concentration of the organic layers 

(Smedsgaard 1997). The crude extract obtained was weighed and used for initial 

biological screening.  
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3.2.4 Phytochemical Screening 

3.2.4.1 Total phenolic content determination (TPC) 

Folin-Ciocalteau method was used to determine the total phenolic content by using 

standard protocol described by Clarke et al., (2013). Briefly, stock solutions              

(4 mg/ml) of the extracts were prepared in DMSO and an aliquot of 20 µl was shifted 

to each well of microtiter plate. Then, 90 µl of Folin–Ciocalteu reagent (Merck, USA) 

was added, followed by addition of 90 µl of 7.5 % Na2CO3 after 5 min and finally 

incubated for 1 hour. Absorbance of the samples was recorded at 650 nm (Bioteck, 

Microplate reader ELX 800, USA). Gallic acid and DMSO (Merck) were used as 

control and blank, respectively. A calibration curve (y = 0.0135x + 0.0846,                

R
2
 = 0.986) was obtained in parallel under the same operating conditions using gallic 

acid as standard at 6.25-50 µg/ml. The amount of total phenolics was expressed as µg 

gallic acid equivalent per mg extract (µg GAE/mg E). Assay was performed in 

triplicate.  

3.2.4.2 Total flavonoid content determination (TFC) 

Total flavonoid content of the crude ethyl acetate extracts was determined by 

aluminium chloride method (Haq et al., 2012). Crude ethyl acetate extracts (20 µl of  

4 mg/ml) were mixed with the solution of 10 % aluminum chloride and 10 µl of 1 M 

potassium acetate (Merck) in each well of microtiter plate. Subsequently, distill water 

was added to attain volume of 200 µl and was incubated at room temperature for 30 

minutes. Absorbance was measured at 415 nm by using microplate reader (Bioteck, 

USA Microplate reader ELX 800). A calibration curve (y = 0.0269x + 0.00765,         

R
2
 = 0.998) was drawn by using quercetin (Merck) as standard at 2.5 to 40 µg/ml and 

the flavonoid content was determined in µg quercetin equivalent per mg extract       

(µg QE/mg E). The assay was performed in triplicate. 

3.2.5 Biological Screening 

Crude extracts of endophytic fungi are evaluated by a panel of biological assay 

including antioxidant, anti-microbial, antileishmanial and anticancer assays.  
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3.2.5.1 Determination of Antioxidant Activity 

3.2.5.1.1 Total antioxidant capacity (TAC) 

Total antioxidant activity of extracts was evaluated by phosphomolybdenum complex 

formation method described by Baydar et al., (2007) with slight modification. 

Samples of crude ethyl acetate extract (100 µl each at concentration of 4 mg/ml) were 

mixed with 900 µl of reagent solutions (4 mM ammonium molybdate, 28 mM sodium 

phosphate and 0.6 M sulfuric acid; Merck and Sigma). Subsequently, the reaction 

mixtures were incubated in water bath at 95
o
C for 90 minutes and samples were 

cooled at room temperature. Absorbance was measured at 695 nm by using 

microplate reader. Ascorbic acid (Merck) was used as positive and DMSO was used 

as negative control. For calibration curve, ascorbic acid at final concentration of 

3.125-50 µg/ml was used and the equation obtained was y = 0.019x + 0.117,              

R
2 

= 0.999. The resultant TAC was expressed as µg ascorbic acid equivalent per mg 

extract (µg AAE/mg E). The assay was performed in triplicate. 

3.2.5.1.2 Reducing power assay 

The reducing potential of the extracts was estimated by a previously established 

protocol by Clarke et al., (2013). An aliquot of 100 µl of each sample (4 mg/ml) was 

mixed with 200 µl of 0.2 M phosphate buffer (pH 6.6) and 250 µl of 1 % potassium 

ferricyanide (Merck) and incubated at 50°C for 30 min. Then, 200 µl of 10 % 

trichloroacetic acid was added in mixture followed by centrifugation at 3000 rpm for 

10 min. Supernatant (150 µl) was mixed with 0.1 % FeCl3 (50 µl) solution and optical 

density was measured at 700 nm. Ascorbic acid was used as positive control and 

results were documented as µg ascorbic acid equivalent per mg extract                     

(µg AAE/mg E). Assay was performed as triplicate analysis. 

3.2.5.1.3 DPPH free radical scavenging assay 

Free radical scavenging activity of the crude extracts was determined by using       

2,2-diphenyl-1-picryl hydrazyl reagent (Sigma) as described by Clarke et al., (2013). 

Briefly, 190 µl of DPPH (9.2 mg/100 ml methanol) was mixed with 10 µl of test 

extract (4 mg/ml stock solution). The reaction mixture was incubated in dark for 1 hr 

and the optical density was measured at 515 nm using microplate reader           
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(Bioteck, USA Microplate reader ELX 800). Lower absorbance of reaction mixture 

indicated higher free radical scavenging activity. Ascorbic acid was maintained as 

positive standard while DMSO served as negative control. Samples were tested at 

final concentration of 200 µg/ml and samples exhibiting scavenging potential ≥70 % 

were three fold serially diluted and tested at 200, 66.6, 22.2 and 7.4  µg/ml for IC50 

determination. Free radical scavenging activity was expressed as percentage and 

measured using the following formula. 

% Scavenging Activity=[
    Absorbance of control − Absorbance of the sample
− − − − − − − − − − − − − − − − − − − − − − −

Absorbance of control
−] × 100 

 

3.2.5.2 Antibacterial Activity  

The antibacterial screening of extracts was evaluated by agar well diffusion method 

(Yadav et al., 2010). The strains were refreshed on nutrient broth (Sigma Aldrich) and 

adjusted to turbidity standard of MacFarland 0.5 BaSO4. Culture broth containing   

10
4
 CFU/ml was swabbed to make the bacterial lawn on nutrient agar (Sigma Aldrich) 

plates. Using the sterile cork borer of 7 mm, wells were made in the plates, followed 

by addition of 100 µl (4 mg/ml) of the samples in respective wells. Cefixime-USP 

(Sigma Aldrich) at a concentration of 20 µg/well was used as positive control while 

DMSO was included as negative control. After 24 hrs incubation period, clear zone of 

growth inhibition were measured in millimetre (mm) by using microscale. Three 

replicates of each test extracts were examined and the mean values were recorded. 

Activity of EtOAc endophytic fungal extracts was tested against two gram positive 

(Staphylococcus aureus ATCC# 6538 and Staphylococcus epidermidis ATCC# 

12228) and six gram negative bacterial strains Klebsiella sp. (clinical isolate), 

Acinetobacter sp. (clinical isolate), Enterobacter aerogenes ATCC# 13048, 

Salmonella typhimurium ATCC# 14028, Bordetella bronchiseptica ATCC# 4617 and 

Pseudomonas aeruginosa ATCC# 9027. All the cultures were obtained from MRL, 

Quaid-i- Azam University, Islamabad. 
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3.2.5.3 Antileishmanial Activity  

3.2.5.3.1 In vitro evaluation of antileishmanial activity against Leishmania 

tropica 

Promastigotes of L. tropica khw23 strain were cultured at 24ºC in medium 199 

(M199) supplemented with 10 % fetal bovine serum (FBS), HEPES (Sigma),           

50 IU/ml penicillin G (Gibco) and 50 µg/ml streptomycin (Gibco). Log phase 

promastigotes were maintained by weekly sub passages in M199.  

Antileishmanial activity with L. tropica khw23 strain was performed by protocol 

described previously by Shah et al., (2014). The L. tropica promastigotes were 

cultured in M199 media supplemented with 10 % FBS at 24ºC. Stock solution of each 

extract was prepared in DMSO (10 mg/ml). In a microtiter plate, 50 µl of M199 was 

added to all wells. Serial extract dilutions were prepared with M199 medium covering 

a range of 10 points from 0.2-100 µg/ml. Log phase promastigotes (100 µl) with a 

final concentration of 1×10
6 

cell/ml were seeded in 96-well plates. The plates were 

incubated in a shaker incubator at 26ºC for 72 hrs. Amphotericin-B was taken as 

positive control while DMSO as negative control. After incubation, the plates were 

inspected under an inverted microscope to check sterility and growth of controls. An 

aliquot of 20 µl was taken from each dilution and mixed with 20 µl of trypan blue and 

10 µl of formaldehyde, parasite viability was checked by direct counting method 

using improved neubar counting chamber. Assay was run in triplicate and a mean of 

values was calculated. IC50 values of extracts with antileishmanial activity were 

calculated by Prism software. 

3.2.5.3.2 In vitro evaluation of antileishmanial activity against Leishmania 

amazonensis 

L. amazonensis promastigotes were cultured in RPMI 1640 medium (Gibco) 

supplemented with 0.1 mM adenosine (Sigma), 10 μg/ml folate (Sigma), 50 U/ml 

penicillin (Gibco), 50 μg/ml streptomycin (Gibco), 1×RPMI 1640 vitamins (Gibco) 

and 10 % heat inactivated FBS (Sigma). Cultures were subjected to passage twice a 

week using approximately 500 μl of the old culture in 5 ml of fresh medium. 

Antileishmanial assay with promastigotes of L. amazonensis was performed by 

colorimetric cell viability MTT assay previously described by Mahmoudvand et al., 
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(2014). Serial extract dilutions (50 µl) in the range of 0.2 to 100 µg/ml were prepared 

(solubilized in DMSO) with media (50 µl) in 96 well micro titer plate. Log phase 

parasites (50 µl) were seeded in plates to give a final concentration of 1×10
6
 cells/ml. 

The plates were incubated in a shaker incubator at 26ºC for 72 hrs. Amphotericin-B 

was taken as positive control while DMSO as negative control. After incubation, the 

plates were inspected under an inverted microscope to check sterility and growth of 

controls followed by addition of 25 µg/ml MTT solution (Sigma) to each well. After 2 

hrs 100 µl of 10 % SDS lysis buffer (prepared in 50 % dimethyl formamide) (Fisher) 

was added to each well and the plates were incubated for an additional 3-5 hours. 

Plates were read at 570 nm using a Sepectramax plus 384 microplate reader. IC50 

values of extracts with antileishmanial activity were calculated by Softmax pro 

software. Assay was run in triplicate and a mean of values was calculated. 

3.2.5.4 Anticancer Activity 

3.2.5.4.1 NF-κB ELISA assay 

The NF-κB assay was performed according to a method previously described by    

Kim et al., (2010). The HeLa human cervical cancer cell line (ATCC, Manassas, VA, 

USA) was cultured in Dulbecco’s modified eagle’s medium (DMEM) augmented 

with 10 % FBS, 100 IU/ml of streptomycin, penicillin (Gibco) and in an atmosphere 

containing 5 % CO2 at 37ºC. Briefly, HeLa cells were treated with endophytic fungal 

extracts (20 µg/ml) and tumor necrosis factor alpha (TNF-α), a nuclear extract was 

prepared which was used for evaluation of specific binding. The inhibitory effect on 

NF-κB p65 was assessed by using a commercially available kit EZ-Detect
TM

 

transcription factor assay with a luminescent detection system (Pierce Biotechnology).  

This helped in assessment of the binding affinity of the NF-κB subunit p65 to its 

corresponding biotinylated consensus sequence. Readings of the treated samples were 

compared to the negative control, treated with TNFα (Thermo Scientific). 

Rocaglamide (Enzo Life Sciences, Inc.) was used as positive control. A FLUO star 

Optima plate reader (BMG Labtech Inc.) was used to measure luminescence. Data 

obtained was further analyzed by Table Curve 2D v4.  

3.2.5.4.2 K-Ras ELISA assay 

K-Ras inhibition was determined by following the protocol previously described by  
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Muñoz Acuña et al., (2013). Human colorectal HT-29 cell line (ATCC, Manassas, 

VA, USA) was treated with endophytic fungal extracts and incubated for 3 hrs at 

37°C, in an atmosphere containing 5 % CO2. Medium was removed followed by three 

times washing of cells with phosphate-buffered saline (PBS). Then, cells were treated 

with epidermal growth factor solution (5 ng/ml) for 2 min. Cells were lysed and the 

aliquots were then stored at -80°C. K-Ras activity was evaluated, by using the Ras 

GTPase Chemi Elisa Kit (Activity Motif, Carlsbad). The cellular extracts were 

incubated with the H-Ras primary antibody (1:500), followed by the secondary   

HRP-conjugated antibody (1:5000) for 1 hr each at room temperature. Upon the 

addition of chemiluminescence solution, luminescence was determined using the 

FLUO star Optima microplate reader (BMG Lab technologies Inc.). Methylrocaglate 

was used as positive control.  

3.2.5.5 Cytotoxicity 

The cytotoxicity of endophytic fungal extracts was determined via the sulforhodamine 

B (SRB) assay (Muñoz Acuña et al., 2013) against colon cancer cell line HT-29, 

prostate cancer cell line PC-3 and breast cancer cell lines i.e. MCF-7, MDA-MB-231. 

DMEM supplemented with 0.25 µg/ml amphotericin B, 100 µg/ml streptomycine 

sulphate, 100 IU/ml penicillin G sodium (Sigma-Aldrich) and 10 % FBS was used to 

culture cell lines. Cells were incubated in falcon tubes in an atmosphere containing     

5 % CO2 at 37°C for 72 hrs. Fresh media was added after removing the old media and 

cells were again incubated for 24 hrs. This was followed by addition of trypsin to cells 

and dilution to get 5x10
4
 cells/ml. Cells (190 µl) were transferred to microtiter plate in 

separate wells and 10 µl of test samples (20 µg/ml) were added and incubated in a 

CO2 incubator at 37°C for 72 hrs. Following treatment, 100 µl of 20 % TCA was 

added to fix the cells for 30 minutes. After the incubation time period, TCA was 

removed and cells were rinsed and dried. Cells were stained with 100 µl of 0.4 % 

SRB in 1 % acetic acid at room temperature for 30 min. Then, wells were washed 

with 1 % acetic acid and micro titer plates were dried. Bound dye was allowed to 

dissolve in 200 µl of 10 mM Tris base (pH 10) on a gyratory shaker for 5 min.   

Optical densities were measured using a 96-well plate reader (Bio-tek). Rocaglamide 

was used as positive control. Data was analyzed by Table Curve 2D v4. 
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3.2.5.6 Screening of Extracellular Enzymes 

Enzyme production from endophytic fungi was investigated by dissolving substrates 

in agar plates and inoculating with 8 mm fungal mycelia plugs. After incubation 

period of 3-5 days at 25ºC, enzymatic production was assessed (Amirita et al., 2012). 

3.2.5.6.1 Amylase  

Amylase production was measured using glucose yeast peptone agar medium with  

0.2 % starch. The composition of GYP agar medium (g/l distilled H2O) was    

glucose-1 g, yeast extract-0.1 g, peptone-0.5 g and agar-16 g. After inoculation and 

incubation for 5 days, the plates were flooded with 1 % iodine in 2 % potassium 

iodide. The plates showing formation of clear zone around fungal colony were 

considered positive for amylase. 

3.2.5.6.2 Cellulase  

Cellulase production was measured using GYP agar medium supplemented with     

0.5 % Carboxy-methylcellulose (Sigma-Aldrich). The plates were inoculated and kept 

for incubation. After the incubation period, the plates were flooded with 0.2 % 

aqueous Congo red (Merck) solution and de-stained with 1M NaCl for 15 minutes. 

The plates with yellow areas around the fungus in an otherwise red medium were 

considered positive for cellulase. 

3.2.5.6.3 Laccase  

For analyzing the laccase production, Glucose yeast peptone agar medium augmented 

with 0.005 % 1-napthol (Sigma) at pH 6, was prepared. After inoculation followed by 

incubation, the plates were observed visually. Plates positive for laccase showed a 

change in color of media, from clear to blue due to oxidation of 1-napthol. 

3.2.5.6.4 Lipase  

Lipase production was checked by growing the fungi on Peptone Agar medium 

supplemented with 1 % separately sterilized Tween-20 (Sigma). The composition of 

peptone agar medium (g/l distilled H2O) was peptone-10 g, NaCl-5 g,       
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CaCl2.2H2O- 0.1 g, agar-16 g at pH 6.0. At the end of the incubation period, positive 

lipase activity was observed by visible precipitates around the colony due to the 

formation of calcium salts of the lauric acid liberated by the enzyme. 

3.2.5.6.5 Protease 

GYP agar medium amended with 0.4 % gelatin (pH 6.0) was used to assess protease 

production. Gelatin solution in water was sterilized separately and added to GYP 

medium. After incubation period, protease activity was indicated by clear zones 

around the colony. Then, plates were flooded with saturated aqueous ammonium 

sulphate, this made the agar opaque due to formation of precipitate and enhanced the 

clear zone around the fungal colony. 

3.2.5.6.6 Pectinase 

Pectinase production was determined by growing fungi on pectin agar medium          

(g/l; pectin-5 g, yeast extract-1 g, agar-15 g, pH 5.0). The plates were flooded with 

1 % aqueous solution of hexadecyl trimethylammonoium bromide (Sigma), after the 

incubation period. Pectinase production was seen in the form of clear zones around 

fungal colony. 

3.2.5.6.7 Tyrosinase 

Tyrosinase production by endophytic fungi was checked by growing them on GYP 

agar medium. After the incubation period, a mixture of 0.11 % p-cresol (Sigma) and 

0.05 % glycine was overlaid on the surface of the fungal colony. Appearance of 

reddish brown color around the colony after 24 hrs, indicates tyrosinase activity 

(Pavithra et al., 2012). 

3.2.6 Statistical Analysis 

Data was presented as mean ± S.D and various treatments were statistically analyzed 

by one-way analysis of variance (ANOVA) followed by Post Hoc Tukey’s test for 

comparison of extracts using IBM SPSS Statistic 20. Correlation analysis of the 

phytochemical and antioxidant activities was carried out using the regression and 

correlation by Microsoft Excel program. 
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3.3 RESULTS  

3.3.1 Small Scale Fermentation and Extraction 

The selected endophytic fungi were cultured on four solid state media at 25°C for   

15-21 days, this was followed by extraction with ethyl acetate. The identification 

codes and weights of crude extracts are given in Table 3.2. Maximum yield of extract 

was observed in rice culture of E. nigrum NFW7 (R7) among all the endophytic 

fungal extracts.  

Table 3.2: Identification codes and dried weight of the ethyl acetate endophytic 

fungal extracts  

Fungal endophyte 
Culture media 

and codes 

Dried weight 

of crude 

extract (mg) 

Plectania milleri NFL1 PDA – P1 510 

SDA – S1 410 

TM – T1 475 

Rice – R1 350 

Trichoderma asperellum 

NFL2 

PDA – P2 470 

SDA – S2 440 

TM – T2 400 

Rice – R2 375 

Paraconiothyrium sp. 

NFL6 

PDA – P6 400 

SDA– S6 420 

TM– T6 290 

Rice – R6 375 

Mucor hiemalis NFW6 PDA – PW6 390 

SDA– SW6 370 

TM – TW6 410 

Rice – RW6 260 

Epicoccum  nigrum NFW7 PDA – P7 440 

SDA – S7 465 

TM – T7 340 

Rice– R7 530 
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3.3.2 Phytochemical Analysis 

3.3.2.1 Total phenolic and flavonoid content 

Phenolic content was estimated by the addition of Folin-Ciocalteu reagent.             

The equivalents of TPC and TFC are calculated on the basis of standard regression 

lines for gallic acid and quercitin. TPC of all extracts was determined in terms of µg 

gallic acid equivalent per milligram extract. The total phenolic content of selected 

endophytic fungi is presented in Figure 3.1. M. hiemalis NFW6 and E. nigrum NFW7 

showed maximum quantity of TPC when grown in TM-TW6 (12.6 ± 0.12 µg 

GAE/mg E) and SDA-S7 (10.25 ± 0.08 µg GAE/mg E), respectively. On the other 

hand, PDA medium extract of T. asperellum NFL2 and P. milleri NFL1 (P2, P1) 

exhibited TPC of 3.403 ± 0.10 and 3.176 ± 0.10 µg GAE/mg E, respectively. In case 

of Paraconiothyrium sp. NFL6, PDA media extract-P6 showed TPC of                   

3.21 ± 0.04 µg GAE/mg E compared to all other samples of endophyte.  

The total flavonoid content was determined by aluminum chloride method. TFC of all 

extracts was determined in terms of µg quercetin equivalent per milligram extract and 

presented in Figure 3.1. M. hiemalis NFW6 and E. nigrum NFW7 exhibited maximum 

quantity of TFC when grown in TM-TW6 (10.4 ± 0.24 µg QE/mg E) and SDA-S7 

(7.69 ± 0.14 µg QE/mg E), respectively. While, T. asperellum NFL2 and P. milleri 

NFL1 showed maximum flavonoid content when grown on PDA medium with TFC 

of 2.7 ± 0.10 and 2.45 ± 0.05 µg QE/mg E. Maximum TFC was quantified in 

Paraconiothyrium sp. NFL6 when grown in SDA medium (2.01 ± 0.23 µg QE/mg E).  
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Figure 3.1: Total phenolic and flavonoid content of ethyl acetate extracts of P. milleri 

NFL1 (P1-PDA medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice 

medium extract), T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, 

T2-TM medium extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA 

medium extract, S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), 

M. hiemalis NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM 

medium extract, RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, 

S7-SDA medium extract, T7-TM medium extract, R7-rice medium extract). Values are 

presented as mean ± standard deviation (n=3). Columns with similar alphabets are not 

significantly different at p<0.05. 
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3.3.3 Antioxidant Activities 

3.3.3.1 Total antioxidant capacity 

Total antioxidant capacity was determined in terms of µg ascorbic acid equivalent per 

milligram extract and presented in Figure 3.2. Premier antioxidant capacities were 

expressed by M. hiemalis NFW6 and E. nigrum NFW7 in TM-TW6 (57.3 ± 0.53 

µg AAE/mg E) and SDA media extract-S7 (50.2 ± 0.53 µg AAE/mg E), respectively. 

On the other hand, T. asperellum NFL2, P. milleri NFL1 and Paraconiothyrium sp. 

NFL6 showed moderate antioxidant capacities in PDA medium extracts (P2, P1, P6) 

28.02 ± 0.50, 25.70 ± 0.58 and 20.3 ± 0.41 µg AAE/mg E, respectively.  

3.3.3.2 Reducing power activity 

The reducing power of endophytic fungal extracts is shown in Figure 3.3. M. hiemalis 

NFW6 and E. nigrum NFW7 exhibited high reducing power in TM media extract-

TW6 (35.7 ± 0.86 µg AAE/mg E) and SDA media extract-S7 (30.4 ± 0.41 

µg AAE/mg E), respectively. Maximum TRP was displayed by PDA medium 

extract-P6 (15.29 ± 0.27 µg AAE/mg E) in Paraconiothyrium sp. NFL6. While, in 

case of P. milleri NFL1 and T. asperellum NFL2 highest reducing power was found in 

TM media extract-T1 (15.4 ± 0.15 µg AAE/mg E) and SDA media extract-S2 

(17.41 ± 0.35 µg AAE/mg E), respectively.  

3.3.3.3 DPPH free radical scavenging activity 

DPPH free radical scavenging activity of all extracts is presented in Figure 3.4. 

Significant DPPH scavenging activity was expressed by M. hiemalis NFW6 and 

E. nigrum NFW7 when cultured in TM-TW6 (89.3 %) and SDA medium-S7 

(81.8 %), respectively. The second most significant scavenging activity was observed 

in P. milleri NFL1 (79.2 %) and T. asperellum NFL2 (77.5 %) when cultured in PDA 

medium (P1, P2). While Paraconiothyrium sp. NFL6 showed minimal antioxidant 

potential. Samples showing percentage scavenging potential ≥ 70 % P1, T1; P2, S2, 

T2; PW6, TW6 and P7, S7 were further tested to to determine their IC50 values which 

were 50.4, 55.3; 39.5, 41.6, 32.4; 19.59, 27.3 and 23.6, 25.7 µg/ml, respectively. 
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Figure 3.2: Total antioxidant activity of crude ethyl acetate extracts of P. milleri NFL1 

(P1-PDA medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice medium 

extract), T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, T2-TM 

medium extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA medium 

extract, S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract),             

M. hiemalis NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM 

medium extract, RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, 

S7-SDA medium extract, T7-TM medium extract, R7-rice medium extract). Values are 

presented as mean ± standard deviation (n=3). Columns with similar alphabets are not 

significantly different at p<0.05. 
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Figure 3.3: Reducing power activity of ethyl acetate extracts of P. milleri NFL1 (P1-PDA 

medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice medium extract), 

T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, T2-TM medium 

extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA medium extract,   

S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), M. hiemalis 

NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM medium extract, 

RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, S7-SDA 

medium extract, T7-TM medium extract, R7-rice medium extract). Values are presented as           

mean ± standard deviation (n=3). Columns with similar alphabets are not significantly 

different at p<0.05. 
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Figure 3.4: DPPH free radical scavenging activity of ethyl acetate extracts of P. milleri 

NFL1 (P1-PDA medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice 

medium extract), T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, 

T2-TM medium extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA 

medium extract, S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), 

M. hiemalis NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM 

medium extract, RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, 

S7-SDA medium extract, T7-TM medium extract, R7-rice medium extract). Values are 

presented as mean ± standard deviation (n=3). Means difference is highly significant (**) and 

significant (*) at p<0.05. (Standard Ascorbic acid = 36.12 µM) 

3.3.4 Antibacterial Activity 

Antibacterial activity of the crude extracts was evaluated against gram positive and 

gram negative bacteria. The extracts showed antibacterial activity against different 

bacterial strain with zone of inhibition ranging from 6.1˗21 mm in diameter 

(Figure 3.5). The most promising broad spectrum antibacterial activity was shown by 

P. milleri NFL1, when grown on PDA medium (P1), and inhibited the growth of all 

tested bacterial strains. It showed pronounced inhibition against S. epidermidis 
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forming a zone of inhibition of 20 ± 0.87 mm. Paraconiothyrium sp. NFL6 was 

another promising strain which showed activity against four tested bacterial strains 

with a maximum zone of inhibition of 20.7 ± 1.2 mm against S. epidermidis, when 

grown in SDA medium.  T. asperellum NFL2 showed a 15 ± 1 mm clear zone of 

inhibition against E. aerogenes when cultured in PDA medium (P2). In the same way, 

M. hiemalis (NFW6) showed antibacterial activity against all tested strains and 

strongly inhibited the growth of Acinetobacter (15 ± 0.95 mm) when cultured in PDA 

medium (PW6). E. nigrum NFW7 extracts showed promising antibacterial activities 

with 16 ± 0.51 mm zone of inhibition against S. typhi when grown on TM media (T7).  

3.3.5 Antileishmanial Activity 

Antileishmanial activity of the crude ethyl acetate extracts of endophytic fungi was 

evaluated against promastigote of L. tropica khw23 and L. amazonensis. The 

inhibitory effects of the crude extracts were highly variable. Some samples showed 

strong inhibition of Leishmania sp. while others exhibited moderate to low inhibitory 

effects (Figure 3.6). P. milleri NFL1 showed remarkable activity against both 

Leishmania strains, although, IC50 values for L. tropica (1.5 ± 1.1 µg/ml) was lower in 

comparison to L. amazonensis (4.9 ± 2.2 µg/ml). Other three samples of the 

endophyte; SDA medium extract-S1, TM medium extract-T1 and rice medium 

extract-R1; showed moderate inhibition of parasite. 

The second most promising strain with respect to antileishmanial activity was 

M. hiemalis NFW6, where PDA medium extract-PW6 exhibited strong inhibitory 

effects against L. amazonensis with IC50 of 3.72 ± 1.7 µg/ml. Rice medium 

extract-RW6 showed moderate inhibition while SDA-SW6 and TM medium 

extract-TW6 showed low inhibition against both tested strains. T. asperellum NFL2 

and E. nigrum NFW7 showed moderate antileishmanial activity, however, 

Paraconiothyrium sp. NFL6 exhibited low inhibitory effects with IC50 values ranging 

from 65.5-93.4 µg/ml. SDA media extract-S6 and TM media extract-T6 exhibited 

IC50 values >100 µg/ml against L. tropica and L. amazonensis, respectively. 
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Figure 3.5: Antibacterial activity of ethyl acetate extracts of P. milleri NFL1 (P1-PDA medium extract, S1-SDA medium extract, T1-TM medium extract, 

R1-rice medium extract), T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, T2-TM medium extract, R2-rice medium extract), 

Paraconiothyrium sp. NFL6 (P6-PDA medium extract, S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), M. hiemalis NFW6 

(PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM medium extract, RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium 

extract, S7-SDA medium extract, T7-TM medium extract, R7-rice medium extract). Values are presented as mean±standard deviation (n=3).*CFX=Cefixime 

0

5

10

15

20

25

30

P1 S1 T1 R1 P2 S2 T2 R2 P6 S6 T6 R6 PW6 SW6 TW6 RW6 P7 S7 T7 R7

NFL1 NFL2 NFL6 NFW6 NFW7 CFX*

Z
o

n
e 

o
f 

In
h

ib
it

io
n

 (
m

m
) 

Samples 

E. aerogene

Pseudomonas

Klebsiella

Acinetobacter

S. typhi

S. epidermidis

S. aureus

B. bronchiseptica



Chapter 3

55 

Figure 3.6: Antileishmanial activity of ethyl acetate extracts of P. milleri NFL1 (P1-PDA 

medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice medium extract), 

T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, T2-TM medium 

extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA medium extract, 

S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), M. hiemalis 

NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM medium extract, 

RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, S7-SDA 

medium extract, T7-TM medium extract, R7-rice medium extract) against L. tropica and 

L. amazonensis. Values are presented as mean ± standard deviation (n=3). Means difference 

is highly significant (**) and significant (*) at p<0.05.  

(Standard Amphotericin B = 0.08 ± 0.01 µM) 
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3.3.6 Anticancer Activity  

3.3.6.1 NF-κB p65 ELISA assay 

The transcription factor NF-κB is a heterodimer bound to IκB. It is activated by 

dissociating from IκB in cytosol and then it translocates to nucleus (Perkins, 2007). 

NF-κB pathway is induced by cytokinin TNF-α (Yin et al., 2009). It is known as a 

crucial player in many steps of cancer initiation and progression. Crude ethyl acetate 

extract of endophytic fungi were tested in HeLa cells for NF-κB inhibitory activity. 

Samples exhibiting >50 % inhibition were deemed active. P. milleri NFL1 showed 

maximum NF-κB inhibition (at 20 µg/ml) in rice medium extract-R1 (81 %) and PDA 

medium extract-P1 (78 %). E. nigrum NFW7 was the only other strain which showed 

inhibitory activity when grown on PDA medium-P7 with 72 % inhibition. None of the 

samples of T. asperellum NFL2, Paraconiothyrium sp. NFL6 and M. hiemalis NFW6 

showed any inhibitory activity. The results are summarized in Figure 3.7.  

3.3.6.2 K-Ras ELISA assay 

The K-Ras activity was evaluated in HT-29 colon cancer cells treated with ethyl 

acetate endophytic fungal extract. The crude extracts expressed varying degrees of 

K-Ras activity where some samples showed strong inhibition while others expressed 

no activity altogether (Figure 3.7). Samples exhibiting >50 % inhibition were deemed 

active. Endophytic fungi T. asperellum NFL2 showed maximum K-Ras inhibition 

62.3 % (at 20 µg/ml) in SDA medium extract-S2. Other two samples of the 

endophyte; PDA medium extract-P2 and rice medium extrac-R2 also showed 

inhibition of 57.9 and 55.5 %. The second most promising results were shown by 

P. milleri NFL1 where PDA media extract-P1 showed 60.5 % inhibition. Similar 

results were found in case of Paraconiothyrium sp. NFL6 where TM media extract-

T6, SDA media extract-S6 and rice media extract-R6 showed K-Ras inhibition 

(% Inhibition 58.7, 53.3, 50.1, respectively). In case of E. nigrum NFW7 two of the 

samples; PDA and rice medium extract (P7, R7) exhibited K-Ras inhibition 54.2, 

54 %, respectively. None of the samples of M. hiemalis NFW6 showed activity. 
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Figure 3.7: NF-κB and K-Ras inhibitory activity of ethyl acetate extracts of P. milleri 

NFL1 (P1-PDA medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice 

medium extract), T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, 

T2-TM medium extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA 

medium extract, S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), 

M. hiemalis NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM 

medium extract, RW6-rice medium extract) and E. nigrum NFW7 (P7-PDA medium extract, 

S7-SDA medium extract, T7-TM medium extract, R7-rice medium extract). RW6, T7, 

S7 = not tested. Values are presented as mean ± standard deviation (n=3). Means difference is 

highly significant (**) and significant (*) at p<0.05. (Standard Rocaglamide and 

Methylrocaglate = 100% inhibition)
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3.3.7 Cytotoxicity Assay  

The cytotoxicity of crude ethyl acetate extracts was determined by the sulforhodamine 

B (SRB) assay against HT-29, PC-3, MCF-7 and MDA-MB-231 cancer cells.  

Samples exhibiting >50 % inhibition were considered active. None of the tested 

endophytes exhibited any cytotoxicity against HT-29.  

3.3.7.1 Cytotoxicity against prostate cancer cell line PC-3 

Most promising results were shown by PDA-P1 and SDA medium extract-S1 of       

P. milleri NFL1 with 73 and 65 % inhibition, respectively. It was followed by rice 

media extract-R6 of Paraconiothyrium sp. NFL6 with 63 % inhibition. In the same 

way, E. nigrum NFW7 rice media extract-R7 exhibited selective cytotoxicity           

(59 % inhibition) against only PC-3 cell line. However, in case of M. hiemalis NFW6 

and T. asperellum NFL2 only PDA media extract (PW6, P2) showed cytotoxic 

activity (Figure 3.8). 

3.3.7.2 Cytotoxicity against breast cancer cell line MCF-7 and MDA-MB-231 

Remarkable results were expressed by P. milleri NFL1 and T. asperellum NFL2 

showing >80 % inhibition in all media extracts against MCF-7 cell line. Whereas 

Paraconiothyrium sp. NFL6 PDA media extract (P6) exhibited significant cytotoxic 

activity with 73 % inhibition. All other samples of endophyte also showed strong 

cytotoxicity against MCF-7 cell line. In case of M. hiemalis NFW6, SDA media 

extract-SW6 also showed activity against MCF-7 cell line. 

On the contrary, only PDA media extract-P1 of P. milleri NFL1 (69 %) and SDA 

media extract-S6 of Paraconiothyrium sp. NFL6 (51 %) showed cytotoxicity against 

MDA-MB-231 cell line. None of the sample of E. nigrum NFW7 showed any 

cytotoxicity against both cell lines (Figure 3.8).  
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Figure 3.8: Cytotoxic activity of crude ethyl acetate extracts of P. milleri NFL1 (P1-PDA 

medium extract, S1-SDA medium extract, T1-TM medium extract, R1-rice medium extract), 

T. asperellum NFL2 (P2-PDA medium extract, S2-SDA medium extract, T2-TM medium 

extract, R2-rice medium extract), Paraconiothyrium sp. NFL6 (P6-PDA medium extract,   

S6-SDA medium extract, T6-TM medium extract, R6-rice medium extract), M. hiemalis 

NFW6 (PW6-PDA medium extract, SW6-SDA medium extract, TW6-TM medium extract) 

and E. nigrum NFW7 (P7-PDA medium extract, R7-rice medium extract) against PC-3, 

MCF-7 and MDA-MB-231. Values are presented as mean ± standard deviation (n=3). 

*RW6, T7, S7 = not tested. (Standard Paclitaxel = 100 % inhibition with IC50 for PC-3 =1, 

MCF-7 = 0.03, MDA-MB-231 = 0.4 nM). 
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3.3.8 Enzymatic Activity 

The results of enzymatic potential of endophytic fungi are represented in Table 3.3.  

P. milleri NFL1 showed production of enzymes i.e. amylase, pectinase, laccase and 

lipase whereas T. asperellum NFL2 exhibited production of amylase and laccase only. 

Paraconiothyrium sp. NFL6 showed production of amylase, cellulase and laccase. On 

the other hand, M. hiemalis NFW6 was found positive for cellulase production only. 

E. nigrum NFW7 showed amylase, cellulase and laccase production. None of the 

tested strains showed extracellular enzyme production for protease and tyrosinase. 

Table 3.3: Enzymatic profile of selected endophytic fungi 

 

3.4 DISCUSSION 

Medicinal plants have always been used in isolation and characterization of bioactive 

metabolites but the discovery of fungal endophytes  has shifted the attention of new 

drug sources from plants to fungi due to their ability to produce same compounds 

(Nisa et al., 2015). Endophytic fungi are ubiquitous and diverse, there has been no 

study so far that shows a plant species without endophytes. Endophytes produce an 

array of natural products displaying broad range of biological activities such as 

antileishmanial, antimalarial, anti-mycobacterial, anti-microbial, anti-viral,             

anti-cancerous, antioxidants, anti-insecticidal and immunosuppressant (Schulz et al., 

2002; Strobel and Daisy, 2003; Wiyakrutta et al., 2004). 

In the present study, five endophytic fungi of Taxus fuana of Western Himalayan 

region of Pakistan were examined for their bioactive potential. Medicinal importance 

 Strains Amylase Pectinase Cellulase Laccase Lipase Protease Tyrosinase 

NFL1 + + - + + - - 

NFL2 + - - + - - - 

NFL6 + - + + - - - 

NFW6 - - + - - - - 

NFW7 + - + + - - - 
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of Taxus fuana and associated endophytes is well-known (Heinig, 2012). Small scale 

fermentation of endophytic fungi examined in this study was carried out on four solid 

state media i.e. potato dextrose agar (PDA), sabouraud dextrose agar (SDA), modified 

mineral salt Taxol medium TM (Xu et al., 2006) and rice medium. The aim was to 

exploit metabolic diversity of the selected strains and determine the effect of media on 

bioactivity. The culture conditions are usually varied, to optimize the yields of a 

particular active compound in any drug producing microorganism (Pu et al., 2013) or 

particularly fungus (Xu et al., 2008). Adaptation of culture conditions is termed as 

OSMAC (one strain many compounds) approach (Bode et al., 2002; Scherlach and 

Hertweck, 2006), which reflects that even minor changes in the growing conditions 

can completely modify the metabolic profile of an organism (Grond et al., 2002). The 

visual changes in endophytic fungal morphology were the most immediate obvious 

result of changing the culture medium indicating that variation in media conditions 

have significant impact on the quantity as well as diversity of fungal secondary 

metabolites (Bode et al., 2002; Miao et al., 2006; VanderMolen et al., 2013). 

Although, each medium was found to have a particular effect on biological activity 

but extracts obtained from PDA media showed greater biological activities, most 

likely due to differences in the amounts of carbon and nitrogen sources (Martínez-luis 

et al., 2011). It has also been reported that use of complex solid media increase the 

possibility of new and novel metabolites but the ideal medium for one fungus won’t 

necessarily be productive for the other fungi (VanderMolen et al., 2013). 

Ethyl acetate extraction is the most efficient method for extracting the secondary 

metabolites from fungi. It selectively extracts low and high molecular weight 

polyphenols (Garcia et al., 2012). The crude extracts obtained, after the exhaustive 

extraction of fungal mycelia and media with ethyl acetate, were tested qualitatively 

for phytochemicals as well as in a panel of bioassays.  

Total phenolic content of crude extracts was estimated by the addition of               

Folin-Ciocalteu reagent. This yellow acidic solution contains complex polymeric ions 

formed from phosphomolybdic and phosphotungsticheteropoly acids. These reagents 

oxidized phenolates and resulted in the production of complex molybdenum-tungsten 

blue, which can be detected spectrophotometrically and calculated as GAE (Ishtiaq et 

al., 2014). All of the tested endophytic fungal extracts exhibited varying amount of 
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total phenols and flavonoids. Maximum phenolic and flavonoid content was shown by     

E. nigrum NFW7 and M. hiemalis NFW6 isolated from the bark of Taxus plant, which 

might be the reason for their higher phenolic content as metabolite composition is 

influenced by the part of plant from which the endophyte has been isolated. Previous 

studies have also confirmed the presence of phenolics in endophytic fungal extracts 

(Yadav et al., 2014). A positive correlation was found between the phenolic and 

flavonoid contents with excellent co-relation coefficients R
2 

= 0.8399, 0.9002, 0.7628, 

0.8101, 0.9932 for endophytic fungi P. milleri NFL1, T. asperellum NFL2, 

Paraconiothyrium sp. NFL6, M. hiemalis NFW6 and E. nigrum NFW7, respectively.  

Oxidation is a natural process in biological systems which results in the generation of 

free radicals. Antioxidants have the ability to quench these radicals and inadequate 

supply may cause damage to proteins, DNA, polyunsaturated fatty acid residues of 

cell membrane phospholipids and may result in several diseases (Abdel-Hameed, 

2009). In recent years, antioxidants derived from natural sources have gained much 

attention (Hu and Kitts 2000; Schulz et al., 2002). Endophytic fungi harboring 

medicinal plants are also a potent source of biologically active compounds with 

antioxidant potential. In this study, crude ethyl acetate extract of endophytic fungi 

were screened in multimode antioxidant assays i.e. total antioxidant, reducing power 

and DPPH free radial scavenging assay.  

The total antioxidant activity was evaluated by phosphomolybdenum method. In 

principal, the sample reduces Mo (VI) to Mo (V) resulting in formation of green 

phosphate Mo (V) complex at acidic pH. It involves electron transfer depending upon 

the structure of the antioxidant (Djeridane et al., 2006). In our study, maximum total 

antioxidant potential was exhibited by E. nigrum NFW7 and M. hiemalis NFW6. On 

the contrary, P. milleri NFL1, T. asperellum NFL2 and Paraconiothyrium sp. NFL6 

showed moderate antioxidant activity. In previous studies, Cui and coworkers have 

demonstrated the antioxidant potential of endophytic fungi associated with rare and 

endangered alpine plants Rhodiola sp. (Cui et al., 2015). Devi and Prabakaran, (2014) 

has also described the total antioxidant and DPPH scavenging activity of the 

endophytic fungus Penicillium sp. isolated from medicinal plant Centella asiatica. 

The antioxidant capacity of endophytic fungi is found to be co-related to their total 

phenolic content (Huang et al., 2001). In this study, a linear correlation was found 
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between total phenolic content and antioxidant capacity with correlation coefficient, 

R
2
 of 0.9664 (P. milleri NFL1), 0.9636 (T. asperellum NFL2), 0.8658

(Paraconiothyrium sp. NFL6), 0.9803 (M. hiemalis NFW6) and 0.7241 (E. nigrum 

NFW7). 

In reducing power assay, antioxidant compounds convert iron (Fe
+3

) in ferric chloride

to ferrous (Fe
+2

) which results in change of color of the test solution from yellow to

green. Higher the reducing power of the sample, greater will be the intensity of green 

color (Gordon, 1990). In present study, best antioxidant activities in reducing power 

assay were again exhibited by E. nigrum NFW7 and M. hiemalis NFW6. In a previous 

study, Govindappa et al., (2013) explored the antioxidant potential of endophytes 

Aspergillus niger, Penicillium sp., Trichoderma asperellum and reported promising 

free radical scavenging and reducing power activities. Endophytic fungi Mortierella 

hyalina isolated from the plant Osbeckia stellate also showed high antioxidant activity 

with iron reducing power and free radical scavenging activity (Bhagobaty et al., 

2012). 

DPPH free radical scavenging potential is based on the ability of antioxidants to 

donate hydrogen which reacts with the DPPH radical. When a sample that can either 

donate a hydrogen atom or transfer electron, is mixed with solution of DPPH, it 

neutralizes the free radical character and reduced form of DPPH (non-radical) is 

formed which results in loss of the violet color (Schreiner et al., 2009). The premier 

antioxidant activity in DPPH assay is shown by E. nigrum NFW7 and M. hiemalis 

NFW6. While P. milleri NFL1 and T. asperellum NFL2 also showed excellent DPPH 

free radical scavenging activity. Paraconiothyrium sp. NFL6 exhibited moderate 

antioxidant activity (58.2 %), which are in agreement with the findings of  Carvalho et 

al., (2012) who also reported moderate DPPH scavenging capacity (58.92 %) of 

endophytic fungi Paraconiothyrium sp. isolated from Rheedia brasiliensis. Similarly, 

Elfita et al., (2012) isolated sesquiterpene 3,5-dihydroxy-2,5-dimethyltrideca-2,9,11-

triene-4,8-dione with strong DPPH scavenging activity from Acremonium endophyte 

of Garcinia griffithii. Nath and coworkers (2012) have also reported significant 

scavenging activity of ethnaolic extract of endophyte Phomopsis sp. A positive 

co-relation was also found between the total phenolic content and free radical 

scavenging capacity in our study (P. milleri NFL1: R
2 

= 0.7315, T. asperellum NFL2:
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R
2
 ~ 0.700, Paraconiothyrium sp. NFL6: R

2 
= 0.805; M. hiemalis NFW6:                  

R
2 

= 0.8138; E. nigrum sp. NFW7: R
2 

= 0.7649). In a previous study, endophytic 

Aspergillus sp. from Trigonella foenumgraecum seeds also exhibited free radical 

scavenging activity which correlated with the total phenolic content as well (Khiralla 

et al., 2015). 

Endophytes harboring the Taxus plant have been known to produce several 

antimicrobial metabolites belonging to diverse structural classes i.e. alkaloids, 

flavonoid, terpenoids, phenols and steroids (Wang et al., 2000; Tan and Zou 2001). In 

this exploration, the crude extracts of selected endophytic fungi from Taxus fuana 

were evaluated for their antimicrobial potential. P. milleri NFL1 and T. asperellum 

NFL2 exhibited promising antibacterial activities against both G
+
 and G

-
 bacteria. Our 

results are similar to previous findings of antimicrobial potential of P. milleri NFL1 

and T. asperellum NFL2 (Fatima et al., 2016). Biocontrol potential of T. asperellum 

has also been extensively studied and a diverse range of bioactive metabolites 

contribute to their mycoparasitic and antibiotic action (Reino et al., 2008). Ding and 

co-workers (2012) evaluated the antibacterial potential of T. asperellum and isolated 

two compounds i.e. hallobacillin and PF1022F against E. faecium and S. aureus. 

Similarly, Wu et al., (2011) also isolated antibacterial metabolites cyclonerodiol, 

cyclonerodiol oxide, trichoderic acid, 2β-hydroxytrichoacorenol and sorbicillin from 

endophytic Trichoderma sp. PR-35. In another study, Dang and colleagues (2010) 

reported the production of antibacterial metabolite shikimic acid from Trichoderma 

ovalisporum strain PRE-5 against M. luteus, S. aureus, E. coli and B. cereus.  

In present study, Paraconiothyrium sp. NFL6, M. hiemalis NFW6 and E. nigrum 

NFW7 also exhibited mild to strong antibacterial activity. Endophytic fungi have 

shown great potential of antimicrobial activities. Recently, notable antibacterial 

activities have been reported from Pestalotiopsis, an endophyte of Mangifera indica 

due to 4-(2,4,7-trioxa-bicyclo[4.1.0]heptan-3-yl) phenol active against E. coli,          

M. luteus (MIC 1.25 µg/ml), B. subtilis, K. pneumoniae (MIC 0.039 µg/ml) and            

P. aeruginosa (Subaan et al., 2013). Luo et al., (2013) isolated 1β-hydroxy-α-

cyperone from Microsphaeropsis arundinis endophytic in Pinus, active against         

S. aureus. In another study, perinadine A, alternariol and citrinin isolated from 
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endophytic Penicillium citrinum showed strong inhibition of S. aureus                    

(Lai et al., 2013).  

Endophytes have become a hunting ground for novel drug leads (Larsen et al., 2005). 

Although, endophytes have been explored for their antimicrobial and anticancer 

potential previously but it is only recent that scientist have also focused on the       

anti-parasitic ability of endophytes particularly against Leishmania. Medicinal plant, 

Taxus baccata has also been previously reported to have antileishmanial activity 

against L. donovani (Georgopoulou et al., 2007). In this exploration, endophytes 

associated with Taxus fuana were tested against two Leishmania strain i.e. L. tropica 

and L. amazonensis. Among all the tested extracts, P. milleri NFL1 and M. hiemalis 

NFW6 exhibited promising antileishmanial activity against both the strains. In a 

previous study, Elkhayat et al., (2015) isolated terrenolide S; a new butenolide 

derivative, (22E,24R)-stigmasta-5,7,22-trien-3-β-ol and stigmast-4-ene-3-one from 

Aspergillus terreus endophyte of Carthamus lanatus. These compounds showed 

significant in vitro activity against L. donovani. Similarly, Metwaly et al., (2013) 

described the mild antileishmanial potential of three metabolites ergosta-7,22-diene-

3β-ol (IC50 30.2 µg/ml), ergosta-4,6,8(14),22-tetraene-3β-ol (26.6 µg/ml) and     

ergosta-5,7,22-triene-3β-ol, isolated from endophytic fungus Nigrospora sphaerica 

(IC50 36.4 µg/ml). Rosa and colleagues (2011) have also investigated the 

leishmanicidal activity of endophytic fungi associated with Brazilian flora. In another 

study, Santiago et al., (2012) explored the Antarctic flora and associated endophyte 

for their antileishmanial potential against L. amazonensis. 

Anticancer activities of endophytic fungi are well documented, discovery of Taxol 

from Taxomyces andreane opened new avenue for search of anticancer compounds 

from endophytes. It has been estimated that more than 140 natural products have been 

isolated from endophytic fungi with different levels of antitumor activity (Wang et al., 

2011). NF-κB has an important role in tumorigenesis, cancer development and in 

regulating inflammation (Bollrath and Greten, 2009; Keats et al., 2007). It is 

persistently activated in leukemia, lymphoma and wide variety of cancers such as; 

breast, lung and pancreas. It promotes cell proliferation, suppresses apoptosis and 

triggers the resistance of cancer cells to chemotherapy (Karin, 2006; Lerebours et al., 
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2008). So, the inhibition of NF-κB inhibitor results in suppression of certain types of 

cancer proliferation (Su et al., 2013).  

In this study anticancer activity of endophytic fungi was assessed by inhibition of  

NF-κB p65 and K-Ras protein. P. milleri NFL1 and E. nigrum NFW7 showed 

significant inhibition of NF-κB signaling pathway. Su et al., (2013) has previously 

described the NF-κB inhibition of trichothecin isolated from an endophytic fungus of 

herbal plant Maytenus hookeri Loes. Similarly, Teiten et al., (2013) has also showed 

the inhibition of NF-κB transcriptional activity by altersolanol A isolated from 

Stemphylium globuliferum endophytic in Moroccon medicinal plant Mentha 

pulegium. 

K-Ras is a plasma membrane bound protein involved in normal tissue signaling and 

mutation in gene commonly leads to development of colon cancers (Kranenburg, 

2005; Telang et al., 2007). Previous studies have shown that K-Ras can be a potential 

target to prevent the development of colon cancer (Karapetis et al., 2008). 

Subsequently, anticancer activity of crude ethyl acetate extracts was also evaluated by 

K-Ras inhibition assay. Most of the tested extracts showed anticancer activity by 

inhibition of K-Ras, particularly T. asperellum NFL2 and P. milleri NFL1 showed 

significant activity. Previous findings of Giridharan and colleagues (2012), also 

described the K-Ras inhibition by an endophytic fungus Cephalotheca faveolata 

isolated compound; sclerotiorin. Ishii et al., (2000) has also reported TAN-1813, a 

novel K-Ras inhibitor produced by endophyte Phoma sp.  

Cytotoxicity of endophytic fungi is necessary to take into account for screening new 

bioactive compounds. In this study, endophytic fungi were screened for their 

cytotoxic potential against four cell lines i.e. HT-29, PC-3, MCF-7 and                

MDA-MB-231 cell lines. The strains exhibited varying and selective cytotoxic 

effects. P. milleri NFL1 was the most promising strain with cytotoxicity against three 

cell lines PC-3, MCF-7 and MDA-MB-231. All the tested strains except E. nigrum 

NFW7 showed ~80 % inhibition against MCF-7 cell line. P. milleri NFL1 and 

Paraconiotyhrium sp. NFL6 showed selective toxicity against MDA-MB-231 while 

E. nigrum NFW7 showed selective cytotoxicity against PC-3 cell line. Cytotoxic 

activities of endophytic fungi are well reported. In a recent study by Wu et al., (2016) 

four compounds with significant cytotoxic potential were isolated from endophytic 
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fungus of Dendrobium officinal. The compounds showed activity against LOVO,  

HL-60, MKN45 and A549 cancer cell lines with the IC50 values lower than 200 μM. 

Xia and coworkers reported the cytotoxic activity of diterpenes isopimarane isolated 

from Epicoccum sp., endophyte of Apostichopus japonicas (Xia et al., 2015). 

Similarly, Shiono et al., (2011) described the isolation of isopimarane diterpenes 

compounds from the endophytic fungus Paraconiothyrium sp. MY-42 showing 

moderate cytotoxicity against the human promyelocytic leukemia cell line HL60.  

Bioactive secondary metabolite production from endophytic fungi is well known, 

however, the enzymatic potential of these microbes has been barely exploited for 

industrial applications. Endophytic fungi produce repertoire of enzymes including 

hydrolytic and oxidative enzymes such as lipases, xylanases, cellulases, laccases, 

proteinases and pectinases etc. (Corrêa et al., 2014). Endophytic fungal enzymes have 

found applications in food, beverages, confectionaries, textiles, cosmetics, leather and 

pharmaceutical industries. Furthermore, these enzymes are more stable than the 

enzymes produced from plants and animals. Consequently, screening endophytic 

fungal resources for enzymes and their forthcoming applications will definitely help 

to achieve eco-friendly industrial applications (Gupta and Farid, 2015).  

In the present investigation endophytic fungi have been tested for their ability to 

produce seven enzymes i.e. amylase, pectinase, cellulase, laccase, lipase, protease and 

tryosinase. Endophytic fungi produce these enzymes as a part in their mechanism to 

overcome the host defense against microbial attack and to get nutrients for their 

development as well (Sunitha et al., 2012; Costa-Silva et al., 2011). In our study,      

P. milleri NFL1, T. asperellum NFL2, Paraconiothyrium sp. NFL6 and E. nigrum 

NFW7 exhibited amylase production. Sunitha et al., (2012) has reported amylase 

production from endophyte Cylindrocephalum sp. isolated from the medicinal plant 

Alpinia calcarata (Haw.). In another study by Pavithra et al., (2012) 50 % of isolated 

endophytic fungi from Tulsi were found positive for amylase. 

P. milleri NFL1 and M. hiemalis NFW6 were the only endophytic strains showing 

pectinase production. These findings co-relates with the recent reports of Goldbeck   

et al., (2013) describing the production of pectinase from a new endophytic strain of 

Acremonium strictum isolated from the Brazilian biome using different substrates. 

Sunitha et al., (2013) also reported the pectinolytic activity of endophytic fungi 



Chapter 3 

68 

Cylindrocephalum sp., Coniothyrium sp., Aspergillus sp. and Pestalotiopsis sp. from 

medicinal plants.  

Similarly, three out of five tested strains i.e. M. hiemalis NFW6, Paraconiothyrium 

sp. NFL6 and E. nigrum NFW7 exhibited cellulase production in our study. Devi et 

al., (2012) also showed production of cellulase from Penicillium sp. endophyte of 

Centella asiatica. 

In the course of evaluating enzymatic profile of endophytic fungi of Taxus fuana, 

lipase activity was assessed. Only P. milleri NFL1 was positive for lipase production. 

These findings are similar to report of Panuthai et al., (2012) where only 10 out of 65 

tested endophytic strains showed lipase activity. All of tested endophytic strains 

showed laccase activity except M. hiemalis NFW6 in this study. Paraconiothyrium sp. 

NFL6 has been previously reported to produce extracellular laccase (Han et al., 2012; 

Rezaei et al., 2015). Other reported endophytes with laccase activity include 

Colletotrichum gloeosporioides, Nigrospora sp. and Fusarium equiseti isolated from 

Centella asiatica (L.) Urban (Gupta and Farid, 2015). 
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4.1 INTRODUCTION 

Endophytic fungi have the potential to produce a plethora of secondary metabolites. 

These low molecular weight metabolites are produced as families of related 

compounds at some parts of the life cycle of the fungus (Keller et al., 2005). 

Although, secondary metabolites have unclear or unknown functions in the producing 

organism but are of remarkable significance to humankind due to their pharmaceutical 

potential (Yu and Keller, 2005).  

In present study, preliminarily biological screening of the crude extracts obtained 

from endophytic fungi helped in selecting three endophytic strains for further 

isolation and purification of compounds. P. milleri NFL1 and M. hiemalis NFW6 

were selected on the basis of their diverse biological activity and particularly 

promising antileishmanial potential. This has been the first study so far on the 

antileishmanial potential of endophytic fungi from Taxus fuana to the best of our 

knowledge. Moreover, previous studies by our research group showed the strong 

anticancer activities of these strains as well. Similarly, Paraconiothyrium sp. NFL6 

exhibited antimicrobial activity and selective cytotoxicity against cancer cell line.  

Therefore; it was selected as a candidate for isolation and purification of potential 

bioactive secondary metabolites.  

This chapter describes the extraction, fractionation, isolation and identification of 

compounds from endophytic fungus P. milleri NFL1, M. hiemalis NFW6 and 

Paraconiothyrium sp. NFL6. Solid state fermentation was carried out to obtain 

secondary extract for further fractionation. Several chromatographic techniques were 

used to isolate and purify compounds; primary fractions of P. milleri NFL1 and       

M. hiemalis NFW6 were selected for compound isolation on the basis of 

antileishmanial activity while compounds were randomly isolated from 

Paraconiothyrium sp. NFL6. This was followed by characterization by 1D and 2D 

NMR and mass spectrometry experiments. Bioactivity of the pure compounds was 

evaluated in antileishmanial assay while cytotoxicity was assessed in J774 

macrophages cell line and PC-3 cancer cell line.  
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4.2 MATERIALS AND METHODOLOGY 

4.2.1 Large Scale Fermentation of Endophytic Fungi 

Large scale fermentation of endophytic fungi P. milleri NFL1 and M. hiemalis NFW6 

was carried out on 50 L and 30 L of potato dextrose agar, respectively. While, 

Paraconiothyrium sp. NFL6 was cultivated on sabouraud dextrose agar medium. 

Media was prepared and poured in petri plates under sterile conditions. Plates were 

inoculated with mycelial agar plugs (0.5×0.5 cm
2
) of P. milleri NFL1, M. hiemalis

NFW6 and Paraconiothyrium sp. NFL6 separately and incubated for 15-21 days at 

25°C.  

4.2.2 Extraction 

Prior to any isolation and purification work, secondary metabolites have to be 

extracted from the fungal biomass. For this purpose, organic solvent ethyl acetate 

(Analytical grade, Fisher Scientific Fair Lawn, NJ) was used. The mycelial agar 

culture was exhaustively extracted three times with equal volume of ethyl acetate at 

room temperature as explained in chapter 3). The crude ethyl acetate extract obtained 

was weighed and separated by various chromatographic techniques. The steps 

involved in secondary extract production, fractionation and compound isolation have 

been summarized in Figure 4.1. 
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Figure 4.1: Schematic overview on steps involved in the extract production, 

isolation and identification of their secondary metabolites 

NFL6 NFW6 NFL1 
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4.2.3 Column Chromatography 

4.2.3.1 Normal phase liquid chromatography of crude extracts 

Normal Phase liquid chromatography is a useful initial isolation procedure. The crude 

extract of P. milleri NFL1, M. hiemalis NFW6 and Paraconiothyrium sp. NFL6 were 

separately subjected to normal phase column chromatography to separate the crude 

extract into its component fractions. Silica gel 60 Å (70-230 mesh, Whatman Inc.) 

was used as the stationary phase while varying solvent combinations of increasing 

polarity were employed as the mobile phase i.e. acetone, dicholoromethane (DCM), 

ethylacetate, hexane and methanol (Fisher Scientific).  

The column was packed by wet packing method; silica gel and a relatively non polar 

solvent were mixed to form slurry and then packed in a glass column. The column 

was allowed to stabilize overnight. The sample was prepared in a mortar by adsorbing 

the extract to equal amount of silica gel 60 Å and allowed to dry overnight. The dry 

powder was thinly spread on top of the packed column. Gradient of mobile phase was 

then passed through the column and flow was produced by applying vacuum. Column 

fractions were collected and concentrated in rotary evaporator at 35°C. Separation 

was monitored by thin layer chromatography (TLC). 

4.2.3.1.1 Analytical thin layer chromatography (TLC) 

Analytical TLC is an efficient way to track compounds after separation through 

column chromatography. Analytical TLC was performed on precoated silica gel F254 

aluminium plates (20 × 20 cm, 200 μm thicknesses, Sigma-Aldrich) to separate the 

different fractions based on their relative mobility in solvent systems and colour 

reactions with ultra-violet light. TLC spotting capillary tube was used to apply the 

sample on the plate about 1.0 cm from the edge. The prepared plates were developed 

with different mobile systems of varying polarity: hexane, ethyl acetate, 

dichloromethane, methanol etc. Chromatograms were developed under eluent 

saturated conditions. The solvent was allowed to ascend until the solvent front was 

about ¾ of the length of the strip. The chromatograms were dried and the separated 

components were visualised under short wavelength UV light (254 nm) and long 

wavelength UV light (365 nm) with spectroline CC-80. The fluorescent spot was 

marked and vanillin–sulphuric acid spray reagent was employed for the detection of 
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chemical compounds not visible under UV light. The TLC plates were heated to 

visualize the separation. This was followed by mixing of fractions based on TLC 

profile resulting in primary fractions used for biological screening. 

4.2.3.1.2 Spray reagent 

The staining reagent used to develop the TLC plates was 10 % H2SO4 in ethanol with 

1 % vanillin. The composition of the reagent was as follows: 

Vanillin (Fisher Scientific, USA) 1 g 

Ethanol (Decon Laboratories, USA) 20 ml 

Conc. H2SO4 (Fisher Scientific, USA) 8 ml (added slowly) 

Distilled Water 72  ml 

4.2.3.2 Normal phase column chromatography of primary fractions 

Primary fractions selected on the basis of biological activity were further separated by 

normal phase column chromatography with silica gel 60 Å (230-400 mesh, Whatman 

Inc.). Gradient of mobile phase is passed through the column with the help of air 

pressure resulting in sample separation. Column fractions were collected and followed 

through the same procedure as described above. Secondary fractions obtained after 

mixing, were used for further purification of compounds. 

4.2.4 Purification of Compounds 

Secondary fractions showing less complex TLC profile were selected and purified 

further either by preparative TLC or by reverse phase octadecyl columns. Purity of the 

obtained fractions was checked by three solvent system in TLC and compounds of 

sufficient purity were analysed by NMR. 
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4.2.4.1 Preparative thin layer chromatography (TLC) 

Preparative TLC was performed on the precoated silica gel F254 glass plates (20 × 20 

cm, 500 μm thickness, Whatman Inc.). Sample was applied in the form of a horizontal 

thin line about 2 cm above the edge of the plate. The TLC chamber was filled with 

100 ml of the appropriate mobile phase and saturated evenly with the vapour of the 

eluting solvent by placing a white filter paper on both sides of the tank. The plates 

were viewed under UV light and marked with pencil. The marked zones were 

scrapped off the glass plates and the scrapings were transferred into vials containing 

suitable solvent. The compounds were eluted from the silica by sonicating for 10 

mins. This process was repeated thrice.  

4.2.4.2 Reverse phase column chromatography 

Reverse phase octadecyl (C18) disposable extraction columns (1 ml, 4 ml) bonded to 

silica gel 40 µm APD, 60 Å (J.T Baker Inc.) were used for the purification of 

compounds. Sub-fractions were dissolved in methanol, loaded on a column and eluted 

with gradient system of MeOH:H2O. Fractions were collected and TLC was 

performed to check the purity of compounds. 

4.2.5 Structure Elucidation of Pure Compounds 

4.2.5.1 NMR 

Samples for NMR analysis were prepared by dissolving pure compounds in NMR 

solvents i.e. deuterated chloroform, deuterated methanol or deuterated pyridine 

(Cambridge Isotope Laboratories Inc.). Samples were analyzed for structure 

determination using ID and 2D experiments including 
1
H, 

13
C, DEPT-135, COSY, 

HMBC and HSQC. TMS was used as an internal standard and NMR data was 

collected on a Bruker Avance AVIII400 spectrometer (Bruker) using standard Bruker 

pulse sequences and were processed with Topspin™ 3.1 (Bruker BioSpin) at the 

College of Pharmacy, The Ohio State University, Ohio, USA. Interpretation of data 

was done in Dr. Esperanza J. Carcache de Blanco’s lab.    

4.2.5.2 Mass spectrometry  

Molecular weight of the pure compounds was confirmed by mass spectrometry. Mass  
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spectroscopy was done with kind cooperation of Dr. Craig McElroy, Director of 

Instrumentation at College of Pharmacy, The Ohio State University, Ohio, USA.  

Electrospray ionization mass spectra (ESI
+
) were performed on a Finnigan LTQ mass 

spectrometer with Thermo LTQ Orbitrap program. Experiment was processed using 

XCalibur
TM

. The sample was dissolved in filtered HPLC grade methanol at a 

concentration of 1 µg/ml. Interpretation of data was done in Dr. Carcache de Blanco’s 

lab.    

4.2.6 Biological Screening 

4.2.6.1 Antileishmanial assay 

Isolated compounds were evaluated for their antileishmanial potential (as described in 

chapter 3) against promastigotes of L. amazonensis in Dr. Karl Werbovitz’s lab, 

College of Pharmacy, The Ohio State University, USA.   

4.2.6.2 J774 Macrophage toxicity assay 

Cytotoxic effect of the active compound was assessed against J774 macrophage cells. 

Serial compound dilutions (50 µl) were prepared (solubilized in DMSO) with media 

(50 µl) in 96 well plate. This was followed by addition of macrophages (50 µl) at    

10
5
 macrophages/ml and plates were incubated at 37˚C for 72 hr. Podophyllotoxin     

(0.05 µM) was taken as positive control. After the incubation period 25 µg/ml MTT 

solution (Sigma) was added to each well and plates were incubated at 37°C for 

another 2-3 hours. This was followed by addition of 100 µl of 10 % SDS lysis buffer 

(prepared in 50 % dimethyl formamide) (Fisher) to each well. The plates were 

incubated for an additional 3-5 hours. Plates were read at 570 nm using a 

Sepectramax plus 384 microplate reader. IC50 values of the compound with 

antileishmanial activity were calculated by Softmax pro software.  

4.2.6.3 Cytotoxicity assay against cancer cell lines 

Isolated compounds were evaluated against PC-3 cancer cell line, according to a 

previously described protocol in chapter 3. 
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4.3 RESULTS  

4.3.1 Large Scale Fermentation of Endophytic Fungi 

Dried weight of crude extract produced after large scale cultivation of P. milleri 

NFL1, M. hiemalis NFW6 and Paraconiothyrium sp. NFL6 are shown in Table 4.1.  

Table 4.1 Dried Weight of crude extract 

Strain 
Dried Weight of 

the crude extract 

P. milleri NFL1 15 g 

M. hiemalis NFW6 7 g 

Paraconiothyrium sp. 

NFL6 
9 g 

4.3.2 Fractionation, Compound Isolation and Structure Elucidation from the 

Crude Extract of P. milleri NFL1 

Steps involved in fractionation of P. milleri NFL1 crude extract and isolation of 

compounds have been summarized in Figure 4.2. 
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Figure 4.2: Schematic overview for the isolation and purification of bioactive compounds from P. milleri NFL1 extract 

NFL1 Normal Phase Column Chromatography 

L1F2 L1F3 L1F4 L1F5 L1F6 L1F7 L1F8 L1F9 L1F10 L1F1 
Primary Fractions 

Normal Phase chromatography 

L1F3F1-L1F3F14 L1F4F1-L1F4F12
Secondary Fractions 

Normal Phase chromatography L1F5F1-L1F5F10

Compounds 
L1F3F7 L1F4F4F4 L1F5F7F4 

Identification of Compounds 
4-methoxy-6-pentanoyl-5, 

6-dihydro-2H-pyran-2-one 
Galiellalactone Pestalotin 

Bioassay-Antileishmanial Assay Inactive Active Inactive 
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4.3.2.1 Fractionation of the crude extract of P. milleri NFL1 

The crude extract of P. milleri NFL1 (15 g) was subjected to normal phase column 

chromatography with 500 g of silica gel (70-230 mesh) and 500 ml of 95 % hexane 

mixed to form slurry and packed in a glass column. The sample was prepared by 

mixing P. milleri NFL1 extract (15 g) with a small amount of n-hexane:DCM (1:1) 

followed by adsorption to silica gel (15 g). Dry powder was then loaded on top of the 

column. Column was eluted with 1000 ml each of gradient system; n-hexane:DCM 

95:5, 90:10, 80:20, 50:50, 25:75 and 0:100; DCM:EtOAc 95:5, 90:10, 80:20, 50:50, 

25:75 and 0:100. A total of 67 fractions were collected in aliquots of 150 ml. The 

fractions were concentrated and analyzed by TLC and developed by vanillin-sulphuric 

acid reagent. Mixing of fractions based on TLC pattern resulted in 10 primary 

fractions (Table 4.2).   

Table 4.2: Combination scheme of NFL1 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 
Combination 

of fractions 

1 L1F1 F1-F9 
2 L1F2 F10-F16 
3 L1F3 F17-F20 
4 L1F4 F21-F28 
5 L1F5 F29-F34 
6 L1F6 F35-F43 
7 L1F7 F44-F48 
8 L1F8 F49-F51 
9 L1F9 F52-F61 
10 L1F10 F62-F67 

4.3.2.2 Antileishmanial activity of primary fractions of P. milleri NFL1 extract 

Antileishmanial activity of primary fractions was evaluated by previously described 

method in chapter 3. Three fractions i.e. L1F3, L1F4, L1F5 (IC50 4.9, 3.9, 4.3 µg/ml) 

were further selected for compound isolation based on their antileishmanial activity 

against L. amazonensis (Figure 4.3). 
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Figure 4.3: Antileishmanial activity of primary fractions (L1F1-L1F9) of            

P. milleri NFL1 (L1F7 and L1F10=not active) 

Standard Amphotericin B = 0.08 ± 0.01 µM 

4.3.2.3 Fractionation of primary fraction L1F3 by normal phase column 

chromatography   

The sample was prepared by mixing primary fraction L1F3 (0.724 g) with a small 

amount of n-hexane:DCM (1:1) followed by adsorbtion to silica gel (1 g). The column 

was packed by mixing 22 g of silica gel 60 Å (230-400 mesh) and 50 ml of                

n-hexane:EtOAc (95:5). Column was eluted with gradient system of n-hexane:EtOAc 

95:5, 80:20, 50:50, 40:60, 30:70, 20:80, 10:90 and 0:100 to give a total of 80 fractions 

in aliquots of 20 ml. The fractions were concentrated and monitored by TLC and 

vanillin–sulphuric acid spray reagent. Pooling of fractions based on TLC pattern 

resulted in 14 secondary fractions (Table 4.3).  

Fraction L1F3F7 (12 mg) crystalized in the vial, it was re-dissolved in methanol to 

remove impurities. Purity of the compound was further confirmed by trinary solvent 

system e.g. n-hexane:EtOAc (4:6), n-hexane:EtOAc:acetone (6:2:2) and                    

n-hexane:DCM:EtOAc (3:2:5), which  confirmed that the compound is sufficiently 

pure for structure elucidation. 
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Table 4.3: Combination scheme of L1F3 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

names 

Combination 

of fractions 

1 L1F3F1 F1-F5 

2 L1F3F2 F6-F10 

3 L1F3F3 F11-F12 

4 L1F3F4 F13 

5 L1F3F5 F14 

6 L1F3F6 F15 

7 L1F3F7 F16-F18 

8 L1F3F8 F19-F21 

9 L1F3F9 F22 

10 L1F3F10 F23-F29 

11 L1F3F11 F30 

12 L1F3F12 F31-F39 

13 L1F3F13 F40-F58 

14 L1F3F14 F59-F80 

4.3.2.3.1 Structure elucidation of compound L1F3F7 

Compound L1F3F7 was obtained as white crystals. A molecular formula of C11H16O4 

was determined for this compound from the molecular ion peak found at m/z 235.093, 

[M+Na]
+
 obtained by ESI

+
 MS. The NMR data was collected in MeOH and detailed 

spectral data of compound is summarized in Table 4.4. The 
1
H NMR spectrum 

(Figure 4.4b) displayed a characteristic signal for the alpha proton δ 4.94 (1H, s), the 

methoxy protons at δ 3.73 (3H, s) and the 5´ methyl group at δ 0.88 (3H, t). Aliphatic 

protons on C-4´, C-3´ and C-2´ displayed signals at δ 1.31 (2H, m), δ 1.54 (2H, m) 

and δ 2.59 (2H, m), respectively. Diastereotopic protons on C-5 displayed a signal at  

δ 2.76 (2H, dd). Resonances for vicinal (C-6) protons were displayed at δ 5.15      

(1H, dt). The 
13

C NMR spectrum (Figure 4.4c) of compound L1F3F7 was consistent 

with the molecular formula and the above 
1
H NMR data. It displayed 11 carbon 

signals, including those corresponding to the aliphatic carbons at δ 12.75 (C-5´),         

δ 21.84 (C-4´), δ 24.85 (C-3´), δ 37.71 (C-2´) and δ 206.64 (C-1´). The signal for C-5 
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was observed at δ 28.01. The methoxy carbon and C-6 had signals at δ 55.73 and       

δ 78.90, respectively. The alpha carbon C-3, carbonyl, and C-4 had signals at δ 89.31, 

167.01 and 173.36, respectively. DEPT-135 spectra revealed the presence of four 

methylene carbon atoms (Figure 4.4d). The position of the substituents was 

established by combined analysis of COSY, HMBC and HSQC spectra (Figure 4.4e-

4.4g). Accordingly, compound L1F3F7 was identified as an analogue of pestalotin;  

4-methoxy-6-pentanoyl-5, 6-dihydro-2H-pyran-2-one (Figure 4.4a). 
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Figure 4.4a: Chemical structure of compound L1F3F7   

Table 4.4: NMR spectral data of 
1
H and 

13
C for L1F3F7 

Position 
δ  C (ppm), 

multi* 
δ  H (ppm) 

2 167.01, C - 

3 89.31, CH 4.94 

4 173.36, C - 

5 28.01, CH2 2.76 

6 78.90, CH 5.15 

1´ 206.64, C - 

2´ 37.71, CH2 2.59 

3´ 24.85, CH2 1.54 

4´ 21.84, CH2 1.37 

5 12.75, CH3 0.88 

CH3 O 55.73 3.73 

*Implied multiplicities determined by DEPT-135 
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Figure 4.4b: 
1
H NMR spectra (400 MHz, in MeOH-d4) of L1F3F7
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Figure 4.4c: 
13

C NMR spectra (400 MHz, in MeOH-d4) of L1F3F7
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Figure 4.4d:  DEPT-135 NMR spectra (400 MHz, in MeOH-d4) of L1F3F7 



Chapter 4 

  85 
 

 

Figure 4.4e:  
1
H-

1
H COSY NMR spectra (400 MHz, in MeOH-d4) of L1F3F7 
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Figure 4.4f:  HMBC NMR spectra (400 MHz, in MeOH-d4) of L1F3F7
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Figure 4.4g:  HSQC NMR spectra (400 MHz, in MeOH-d4) of L1F3F7
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4.3.2.4 Fractionation of primary fraction L1F4 by normal phase column 

chromatography  

Fraction L1F4 was fractionated on a column packed with 60 g of silica gel 

(230-400 mesh) and 100 % DCM (120 ml) to make slurry. The sample was prepared 

by adsorbing fraction L1F4 (2 g) to silica gel (2 g), the dry powder was loaded on top 

of the column. Column was eluted with gradient system of n-hexane:DCM 25:75, 

0:100; DCM:EtOAc 95:5, 90:10, 85:15, 80:20, 75:25, 70:30, 50:50, 25:75 and 0:100. 

A total of 90 fractions were collected in aliquots of 20 ml. The fractions were 

concentrated and mixing of fractions based on TLC pattern resulted in 12 secondary 

fractions (Table 4.5). 

Table 4.5: Combination scheme of L1F4 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 

Combination 

of fractions 

1 L1F4F1 F1-F14 

2 L1F4F2 F15-F26 

3 L1F4F3 F27 

4 L1F4F4 F28-F38 

5 L1F4F5 F39-F45 

6 L1F4F6 F46-F49 

7 L1F4F7 F50-F61 

8 L1F4F8 F62 

9 L1F4F9 F63-F66 

10 L1F4F10 F67-F80 

11 L1F4F11 F81-F85 

12 L1F4F12 F86-F90 

4.3.2.4.1 Purification of L1F4F4 by preparative TLC 

Fraction L1F4F4 was selected based on less complex TLC profile and further purified 

by preparative TLC using 100 ml of DCM:EtOAc (9:1) as developing solvent. A total 

of 5 fractions were obtained, each fraction was evaporated to dryness. One of the 

fractions; L1F4F4F4 (4 mg) crystalized in the vial as white crystals and also appeared 

as a single spot on TLC. Purity of the compound was further confirmed by trinary 
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solvent system DCM:EtOAc (8:2), DCM:acetone (9:1), n-hexane:DCM:MeOH 

(1:8:1), it was pure enough for NMR analysis. 

4.3.2.4.2 Structure elucidation of compound L1F4F4F4 

Compound L1F4F4F4 was obtained as white crystals. A molecular formula of 

C11H14O3 was determined for this compound from the molecular ion peak found at 

m/z 193.20985, obtained by ESI
+
 MS. The NMR data was collected in CDCl3 and 

detailed spectral data of compound is summarized in Table 4.6. The 
1
H NMR 

spectrum (Figure 4.5b) displayed a signal for the methyl group at δ 1.16 (3H, d) while 

methylene protons (C-3, C-4, C-5) resonated at δ 1.85;1.74 (2H, m), δ 2.09;1.05    

(2H, m) and δ 2.26 (2H, m). Resonances for olefinic protons at C-7 was displayed at  

δ 6.99 (1H, s) while methine protons at C-5a, C-6 and C-2b resonated at δ 2.46     

(1H, m), δ 2.65 (1H, m) and δ 6.99 (1H, d), respectively. The signal for hydroxyl 

group was displayed at δ 3.47 (1H, d). The 
13

C NMR spectrum (Figure 4.5c) of 

compound L1F4F4F4 was consistent with the molecular formula and the above 
1
H 

NMR data, displaying 11 carbon signals. The signals corresponding to methylene 

carbons were shown at δ 31.33 (C-3), 31.35 (C-4), δ 32.98 (C-5) and signals for 

methine group were displayed at δ 28.94 (C-6), δ 43.01 (C-5a), δ 90.17 (C-2b) and     

δ 150.20 (C-7). The signals for quaternary carbons were displayed at δ 81.74 (C-2a),  

δ 130.74 (C-2) and δ 170.37 (C-1). The methyl group at C-8 had signals at δ 20.80. 

Finally, its structure was further confirmed by DEPT-135, COSY, HMBC and HSQC 

analysis (Figure 4.5d-4.5g). Thus, compound L1F4F4F4 was identified as the known 

compound galiellalactone (2a-hydroxy-6-methyl-2a,3,4,5a,5,6-hexahydroindeno    

[1,7-bc]furan-1(2b H)-one) (Figure 4.5a). 

 

Figure 4.5a:  Chemical structure of L1F4F4F4 
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Table 4.6: NMR spectral data of 
1
H and 

13
C for L1F4F4F4 

Position 

δ  C 

(ppm), 

multi* 

δ  H (ppm) 

1 170.37, C - 

2 130.74, C - 

2a 81.74, C - 

2b 90.17, CH 4.78 

3 31.33, CH2 1.85;1.74 

4 31.35, CH2 2.09;1.05 

5 32.98, CH2 2.26 

5a 43.01, CH 2.46 

6 28.94, CH 2.65 

7 150.20, CH 6.99 

8 20.80, CH3 1.16 

OH - 3.47 

*Implied multiplicities determined by DEPT-135 

Figure 4.5b:  
1
H NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4 
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Figure 4.5c:  
13

C NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4
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Figure 4.5d:  DEPT-135 NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4
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Figure 4.5e: 
1
H-

1
H COSY NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4 
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Figure 4.5f:  HMBC NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4 
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Figure 4.5g:  HSQC NMR spectra (400 MHz, in CDCl3-d4) of L1F4F4F4
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4.3.2.5 Fractionation of primary fraction L1F5 by normal phase column 

chromatography   

Primary fraction L1F5 was subjected to normal phase column chromatography with 

medium air pressure. Column was packed by mixing 45 g of silica gel 60 Å         

(230-400 mesh) and 100 ml of n-hexane: EtOAc (9:1). The sample was prepared by 

adsorbing fraction L1F5 (1.5 g) to silica gel (2 g) and dry powder was loaded on top 

of column. Column was eluted with gradient system of DCM:EtOAc 90:10, 85:15, 

80:20, 70:30, 50:50, 40:60, 0:100; EtOAc:DCM:MeOH 8:1:1. A total of 123 fractions 

were collected in aliquots of 20 ml. The fractions were concentrated and separation 

was monitored by TLC followed by mixing of fractions based on TLC pattern 

resulting in 10 secondary fractions (Table 4.7). 

Table 4.7: Combination scheme of L1F5 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 

Combination 

of fractions 

1 L1F5F1 F1-F19 

2 L1F5F2 F20-F24 

3 L1F5F3 F25-F27 

4 L1F5F4 F28-F30 

5 L1F5F5 F31-F41 

6 L1F5F6 F42-F51 

7 L1F5F7 F52-F85 

8 L1F5F8 F86-F99 

9 L1F5F9 F100-F104 

10 L1F5F10 F106-F123 

4.3.2.5.1 Purification of secondary fractions L1F5F4, L1F5F7 and L1F5F8 by 

reverse phase column chromatography 

Based on TLC analysis, three secondary fractions i.e. L1F5F4, L1F5F7 and L1F5F8 

were selected for further purification. Secondary fractions were loaded separately on a 

reverse phase octadecyl (C
18

) column and eluted with MeOH:H2O (6:4) several times. 

The eluted fractions were monitored through TLC. L1F5F8 showed a single spot on 
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TLC plate, but due to limited quantity NMR experiments could not be run. L1F5F4 

and L1F5F7 were further purified via normal phase column and preparative TLC, 

respectively. 

4.3.2.5.2 Normal phase column chromatography of fraction L1F5F4 

Secondary fraction L1F5F4 was subjected to normal phase column chromatography 

by mixing 3.8 g of silica gel 60 Å (230-400 mesh) and 30 ml of n-hexane:EtOAc 

(9:1). The sample was prepared by adsorbing sub fraction L1F5F4 (0.076 g) to silica 

gel 60 (1 g) followed by loading on column. Column was eluted with gradient system 

of n-hexane:DCM:EtOAc 90:9:1, 80:19:1, 77:20:3, 75:20:5, 73:20:7, 70:20:10. A 

total of 60 fractions were collected in aliquots of 20 ml. The fractions were 

concentrated; and mixed based on TLC pattern resulting in 7 combined fractions 

(Table 4.8). 

Table 4.8: Combination scheme of L1F5F4 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 

Combination 

of fractions 

1 L1F5F4F1 F1-F27 

2 L1F5F4F2 F28-F30 

3 L1F5F4F3 F31 

4 L1F5F4F4 F32-F38 

5 L1F5F4F5 F39-F46 

6 L1F5F4F6 F47-F51 

7 L1F5F4F7 F52-F60 

4.3.2.5.2.1 Purification of  L1F5F4F3 by preparative TLC 

Fraction L1F5F4F3 was further purified by preparative TLC, using 100 ml of 

DCM:EtOAc (9:1) as developing solvent. A total of 5 fractions were obtained, each 

fraction was concentrated and TLC analysis showed a single spot in fraction 

L1F5F4F3F3. Purity was further confirmed by trinary solvent system DCM:EtOAc 

(8:2), DCM:acetone (9:1), n-hexane:DCM:MeOH (1:8:1). The compound appeared as 
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a single spot on TLC but unfortunately, the quantity was not sufficient to run NMR 

experiments. 

4.3.2.5.3 Purification of L1F5F7 by preparative TLC 

Secondary fraction L1F5F7 was also purified by preparative TLC using 100 ml of 

DCM:EtOAc (9:1) as developing solvent. A total of 4 fractions were obtained after 

viewing under UV light, each fraction was concentrated and TLC analysis showed a 

single spot in fraction L1F5F7F4 (3.5 mg). Purity was further confirmed by trinary 

solvent system n-hexane:EtOAc:acetone (6:2:2), n-hexane:DCM:EtOAc (3:2:5),       

n-hexane:DCM:MeOH (1:8:1). It was concluded that the compound is adequately 

pure for NMR analysis and biological testing. 

4.3.2.5.3.1 Structure elucidation of compound L1F5F7F4 

Compound L1F5F7F4 was obtained as a white powder. A molecular formula of 

C11H18O4 was determined for this compound from the molecular ion peak found at 

m/z 237.109 [M+Na]
+
, obtained by ESI

+
 MS. The NMR data was collected in CDCl3 

and detailed spectral data of the compound is summarized in Table 4.9. The 
1
H NMR 

spectrum (Figure 4.6b) displayed a characteristic signal for the alpha proton at δ 5.12 

(1H, s), the methoxy protons at δ 3.74 (3H, s) and the 5´ methyl group at δ 0.89     

(3H, t). Aliphatic protons on C-4´, C-3´ and C-2´ displayed signals at δ 1.33 (2H, m), 

δ 1.32 (2H, m) and δ 1.45 (2H, m), respectively. Diastereotopic protons on C-5 

displayed signals at δ 2.81 (1H, ddd) and δ 2.23 (1H, dd). Resonances for the hydroxy 

group and its geminal (C-1´) and vicinal (C-6) protons were displayed at δ 2.10     

(1H, s), δ 3.92 (1H, m) and δ 4.32 (1H, dt). The 
13

C NMR spectrum (Figure 4.6c) of 

compound L1F5F7F4 was consistent with the molecular formula and the above 
1
H 

NMR data, displaying 11 carbon signals including those corresponding to the 

aliphatic carbons at δ 13.93 (C-5´), δ 22.57 (C-4´), δ 27.89 (C-3´), δ 31.33 (C-2´) and 

δ 71.47 (C-1´). The signal for C-5 was observed at δ 26.67. The methoxy carbon and 

C-6 had signals at δ 56.17 and δ 78.72, respectively. The alpha carbon, carbonyl and 

C4 had signals at δ 89.95, 166.96 and 173.43, respectively. DEPT-135 revealed the 

presence of four methylene carbon atoms (Figure 4.6d). The structure was further 

confirmed by COSY, HMBC and HSQC analysis (Figure 4.6e-4.6g). Accordingly, 
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compound L1F5F7F4 was identified as pestalotin or LL-P880a or epipestalotin        

(6-(1-hydroxypentyl)-4-methoxy-5,6-dihydro-2H-pyran-2-one) (Figure 4.6a). 

O

OH

O

O

2

4 1'

5'

2'

3'

4'

5

6

3

 

Figure 4.6a: Chemical structure of L1F5F7F4  

Table 4.9: NMR spectral data of 
1
H and 

13
C for L1F5F7F4 

Position 
δ  C (ppm), 

multi* 
δ  H (ppm) 

2 166.96 , C - 

3 89.95, CH 5.12 

4 173.43, C - 

5 26.67, CH2 2.23;2.81 

6 78.72,CH 4.32 

1´ 71.47, CH 3.92 

2´ 31.33, CH2 1.45 

3´ 27.89, CH2 1.54 

4´ 22.57, CH2 1.32 

5´ 13.93, CH3 0.89 

CH3 O 56.17 3.74 

OH - 2.10 

*Implied multiplicities determined by DEPT-135 
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Figure 4.6b:  
1
H NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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Figure 4.6c:  
13

C NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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Figure 4.6d:  DEPT-135 NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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Figure 4.6e:  
1
H-

1
H COSY NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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Figure 4.6f:  HMBC NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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Figure 4.6g:  HSQC NMR spectra (400 MHz, in CDCl3-d4) of L1F5F7F4
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4.3.3 Fractionation and Compound Isolation from the Crude Extract of          

M. hiemalis  NFW6 

Steps involved in fractionation of M. hiemalis NFW6 crude extract and isolation of 

compounds have been summarized in Figure 4.7. The crude extract of M. hiemalis 

NFW6 (7 g) was subjected to normal phase liquid chromatography by mixing 240 g 

of silica gel 60 Å (70-230 mesh) and 400 ml of n-hexane:EtOAc (95:5). The sample 

was prepared by adsorbing NFW6 extract (7 g) to silica gel (10 g). Column was eluted 

with gradient system of n-hexane:DCM:EtOAc 95:3:2, 90:3:7, 80:5:15, 70:10:20, 

60:10:30, 50:15:35, 40:20:40, 20:20:60; DCM:EtOAc:acetone 20:60:20, 10:50:40, 

10:30:60, 10:10:80 and 0:0:100, which afforded 90 fractions in aliquots of 150 ml. 

The fractions were concentrated and separation was monitored by TLC plates. Mixing 

of fraction resulted in 15 primary fractions (Table 4.10).  

Table 4.10: Combination scheme of NFW6 fractions based on TLC pattern 

Sr. no. 
Fraction 

name 

Combination 

of fractions 

1 W6F1 F1-F2 

2 W6F2 F3-F4 

3 W6F3 F5-F8 

4 W6F4 F9 

5 W6F5 F10-F13 

6 W6F6 F14-F16 

7 W6F7 F17-F19 

8 W6F8 F20-F26 

9 W6F9 F27-F29 

10 W6F10 F30-F35 

11 W6F11 F36-F52 

12 W6F12 F53-F58 

13 W6F13 F59-F64 

14 W6F14 F65-F80 

15 W6F15 F81-F90 
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Figure 4.7: Schematic overview for the isolation and purification of compound from M. hiemalis NFW6 extract 

NFW6 Normal Phase Column Chromatography 

W6F2 W6F3 W6F4 W6F5 W6F6 W6F7 W6F8 W6F9 W6F10-15 W6F1 
Primary Fractions 
Normal Phase Column 
Chromatography 

Secondary Fractions  
Normal Phase Column 
Chromatography 

Compound W6F4F4 

Identification of Compound Triolein 

Bioassay-Antileishmanial Asssay Inactive 

W6F4F1-W6F4F20 W6 (F6+F7) F1-W6 (F6+F7) F10 
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4.3.3.1 Antileishmanial activity of primary fractions of M. hiemalis NFW6 extract  

Antileishmanial activity of primary fractions was evaluated by previously described 

method in chapter 3. Three fractions i.e. W6F4, W6F6, W6F7 (IC50 6.3, 2.83, 2.33 

µg/ml) were further selected for compound isolation based on their antileishmanial 

activity against L. amazonensis (Figure 4.8). 

 

Figure 4.8: Antileishmanial activity of primary fractions (W6F1-W6F15) of      

M. hiemalis NFW6 extract (W6F5, W6F12-F15=not active) 

Standard Amphotericin B = 0.08 ± 0.01 µM 

4.3.3.2 Normal phase column chromatography of primary fraction W6F4 

Primary fraction W6F4 was subjected to column chromatography by mixing 49 g of 

silica gel 60 Å (230-400 mesh) and 100 ml of n-hexane:EtOAc (99:1). The sample 

was prepared by adsorbing fraction (2 g) to silica gel (2 g). Column was eluted with 

gradient system of n-hexane:EtOAc 98:2, 95:5, 93:7, 90:10, 85:15, 80:20, 70:30, 

60:30 which afforded 400 fractions in aliquots of 5 ml. The fractions were pooled 

together based on TLC profile (Table 4.11). W6F4F4 (5 mg) has oily nature and 

appeared as a single spot in TLC. It was further analyzed by NMR for structure 

elucidation. 
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Table 4.11: Combination scheme of NFW6 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 

Combination 

of fractions 

1 W6F4F1 F1-F8 

2 W6F4F2 F9-F16 

3 W6F4F3 F17-F24 

4 W6F4F4 F25-F26 

5 W6F4F5 F27-F28 

6 W6F4F6 F29-F40 

7 W6F4F7 F41-F50 

8 W6F4F8 F51-F75 

9 W6F4F9 F76-F105 

10 W6F4F10 F106-F148 

11 W6F4F11 F149-F178 

12 W6F4F12 F179-F201 

13 W6F4F13 F202-F230 

14 W6F4F14 F231-F265 

15 W6F4F15 F266-F295 

16 W6F4F16 F296-F318 

17 W6F4F17 F319-F341 

18 W6F4F18 F342-F367 

19 W6F4F19 F368-F382 

20 W6F4F20 F386-F400 

4.3.3.2.1 Structure elucidation of compound W6F4F4  

Compound W6F4F4 was obtained as a light yellow oil. A molecular formula of 

C54H98O9 was determined for this compound from the molecular ion peak found at 

m/z 959.649 [M+3Na]
+
, obtained by ESI

+ 
MS. The main potential fragment is an ion 

at m/z 365.135 [M+Na]
+
. The NMR data was collected in pyridine-d5 and detailed 

spectral data of compound is summarized in Table 4.12. The 
1
H NMR spectrum 

(Figure 4.9b) showed a singlet at C-18´ at δ 0.91 (9H), assigned to a methyl group. 

Protons at C4´-C7´ and C12´-C17´ resonated at δ 1.31 (2H, s) while protons at 
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position C8´, C11´ showed a signal at δ 2.14 (2H, s). Protons corresponding to 

methylene group at C-3´ and C-2´ showed signal at δ 1.71 (2H, m) and 2.48 (2H, m). 

Protons at C-9´ and C-10´ displayed signals at δ 5.52 (1H, s) corresponding to methine 

group. Methylene protons at C-2 and methine protons at C-1 resonated at δ 5.71 (1H) 

and δ 4.66 (2H, dd), respectively. The 
13

C NMR spectrum (Figure 4.9c) of compound 

W6F4F4 was consistent with the molecular formula and the above 
1
H NMR data. 

Signals corresponding to methylene group resonated at δ 22.17 (C-17’), δ 23.97      

(C-3´), δ 27.31 (C-8´, C-11´), δ 29.08-29.84 (C-4´- C-7´, C-12´- C-15´), δ 31.90       

(C-16´) and δ 34.17 (C-2´). One signal corresponding to methine group at δ 130.04 

(C-9´, C-10´), one oxygenated methine group at δ 69.50, one carbonyl carbon at         

δ 172.95 (C-1´), one oxygenated methylene group at δ 62.39 and one sp
3
 methyl 

group at δ 14.04 were observed in spectra. The structure was further confirmed by 

DEPT-135, COSY, HMBC and HSQC analysis (Figure 4.9d-4.9g). Accordingly, 

compound W6F4F4 was a triglyceride, triolein derivative (anhydride) found in olive 

oil and identified as the tri((Z)-hexadec-7-en-1-yl) propane-1,2,3-triyl tricarbonate 

(Figure 4.9a). 
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Figure 4.9a: Chemical structure of W6F4F4 
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Table 4.12: NMR spectral data of 
1
H and 

13
C for W6F4F4 

Position 

δ  C (ppm), 

multi** 

δ  H (ppm) 

1´ c* 1,2,3 172.9, C - 

2´ 

c 1,3 

c 2 

34.17, CH2 

33.95, CH2 

2.48 

3´ c 1,2,3 23.97, CH2 1.71 

4´, 5´, 6´, 

7´, 12´, 

13´,14´,15´ 

c 1,2,3 

 

29.08 – 

29.84, CH2 

 

1.31 

8´, 11´ c 1,2,3 27.31, CH2 2.14 

9´, 10´ c 1,2,3 130.04, CH 5.52 

16´ c 1,2,3 31.90, CH2 1.31 

17´ c 1,2,3 22.71, CH2 1.31 

18´ c 1,2,3 14.04, CH3 0.91 

1 - 69.50 5.71 

2 - 62.39 4.66 

                              *c = alkyl chain 

                             **Implied multiplicities determined by DEPT-135 
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Figure 4.9b: 
1
H NMR spectra (400 MHz, in pyridine-d5) of W6F4F4
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Figure 4.9c: 
13

C NMR spectra (400 MHz, in pyridine-d5) of W6F4F4
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Figure 4.9d: DEPT-135 NMR spectra (400 MHz, in pyridine-d5) of W6F4F4
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Figure 4.9e: 
1
H-

1
H COSY NMR spectra (400 MHz, in pyridine-d5) of W6F4F4
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Figure 4.9f: HMBC NMR spectra (400 MHz, in pyridine-d5) of W6F4F4 
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Figure 4.9g: HSQC NMR spectra (400 MHz, in pyridine-d5) of W6F4F4 
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4.3.3.3 Fractionation of primary fractions W6 (F6+F7) 

Primary fractions W6F6 and W6F7 were combined together and subjected to column 

chromatography. The column was packed by wet packing method by mixing 13 g of 

silica gel 60 Å (230-400 mesh) and 30 ml of n-hexane:EtOAc (99:1). The sample was 

prepared by adsorbing 0.3 g of the fraction to 0.5 g of silica gel 60 Å and the dry 

powder was loaded on top of the column. Column was eluted with gradient system of 

n-hexane:EtOAc 98:2, 95:5, 93:7, 90:10, 85:15, 80:20, 70:30, 60:40. A total of 250 

fractions were collected in aliquots of 5 ml. The fractions were concentrated and 

separation was monitored by TLC followed by mixing of fractions based on TLC 

pattern resulting in 10 combined fractions. W6 (F6+F7) F6 was selected based on less 

complex TLC profile and ran on HPLC to purify the compound. A total of 6 fractions 

were collected after HPLC but quantity was not enough to run NMR experiments. 

Table 4.13: Combination scheme of NFW6 (F6+F7) fractions based on TLC 

pattern 

Sr. no. Fraction name 
Combination 

of fractions 

1 W6 (F6+F7) F1 F1-F7 

2 W6 (F6+F7) F2 F8-F11 

3 W6 (F6+F7) F3 F12-F50 

4 W6 (F6+F7) F4 F51-F66 

5 W6 (F6+F7) F5 F67-F120 

6 W6 (F6+F7) F6 F121-F150 

7 W6 (F6+F7) F7 F151-F176 

8 W6 (F6+F7) F8 F177-F204 

9 W6 (F6+F7) F9 F205-F221 

10 W6 (F6+F7) F10 F222-F250 



Chapter 4 

  119 
 

4.3.4 Fractionation and Compound Isolation of Paraconiothyrium sp. NFL6  

Steps involved in fractionation of Paraconiothyrium sp. NFL6 crude extract and 

isolation of compounds have been summarized in Figure 4.10. The crude extract of 

Paraconiothyrium sp. NFL6 (9 g) was chromatographed by normal phase liquid 

chromatography with 270 g of Silica gel 60 Å (70-230 mesh) mixed with 400 ml of   

n-hexane:DCM (99:1). The sample was prepared by adsorbing the extract (9 g) to 

silica gel (10 g), the dry powder was loaded on top of the column. Column was eluted 

with gradient system of n-hexane:DCM 95:5, 90:10, 80:20, 50:50, 25:75, 0:100; 

DCM:acetone 90:10, 80:20, 50:50, 25:75, 0:100; acetone:MeOH 50:50 to give 97 

fractions in aliquots of 150 ml. The fractions were concentrated in rotary evaporator at 

35°C and pooling of fractions based on TLC pattern resulted in 16 secondary fractions 

(Table 4.14).  

Table 4.14: Combination scheme of NFL6 fractions based on TLC pattern 

Sr. 

no. 

Fraction 

name 

Combination 

of fractions 

1 L6F1 F1-F2 

2 L6F2 F3 

3 L6F3 F4 

4 L6F4 F5-F13 

5 L6F5 F14-F18 

6 L6F6 F19-F21 

7 L6F7 F22-F25 

8 L6F8 F26-F28 

9 L6F9 F29-F31 

10 L6F10 F32-F35 

11 L6F11 F36-F48 

12 L6F12 F49-F61 

13 L6F13 F62-F65 

14 L6F14 F66-F71 

15 L6F15 F72-F79 

16 L6F16 F80-F97 
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Figure 4.10: Schematic overview for the isolation and purification of compound from Paraconiothyrium sp. NFL6 extract
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4.3.4.1 Purification of primary fraction L6F8 by reverse phase column 

chromatography 

Primary fraction L6F8 was randomly selected based on TLC profile, it was dissolved 

in methanol and loaded on a reverse phase octadecyl (C
18

) column and eluted with

gradient system of MeOH:H2O 0:100, 10:90, 20:80, 30:70, 50:50, 100:0 to give 14 

fractions, dried and analyzed by TLC. L6F8F14 (4 mg) appeared as yellow powder in 

the vial and was analyzed by NMR for structure elucidation. 

4.3.4.1.1 Structural elucidation of compound L6F8F14 

Compound L6F8F14 was obtained as a yellow amorphous solid. A molecular formula 

of C15H10O3 was determined for this compound from the molecular ion peak found at 

m/z 237.109, obtained by ESI
+
 MS. The NMR data was collected in CDCl3 and

detailed spectral data of the compound is summarized in Table 4.15. The 
1
H NMR

spectrum (Figure 4.11b) showed a singlet at δ 12.56 (1H), assigned to a hydroxyl 

group at C-1, two metacoupled aromatic hydrogens at C-6, C-7 showed signals at 

δ 7.78. Protons at methine aromatic carbons C-2, C-4, C-5, C-8 displayed signals at 

δ 7.10 (1H, s), δ 7.65 (1H, s), δ 8.28 (1H, m), 8.28 (1H, s), respectively. The signal for 

the methyl group attached to C-3 was observed at δ 2.45 (3H, s). The 
13

C NMR

spectrum (Figure 4.11c) of compound L6F8F14 was consistent with the molecular 

formula and the above 
1
H NMR data, showing 12 signals: two signals corresponding

to carbonyls δ 188.13 (C-9) and δ 182.76 (C-10), three signals of quaternary sp
2

carbons δ 114.15 (C-9a), δ 148.67 (C-3), δ 162.82 (C-1), six methine aromatic 

carbons δ 120.85 (C-4), δ 124.15 (C-2), δ 126.82 (C-8), δ 127.40 (C-5),  δ 134.13 

(C-6), 134.45 (C-7) and one sp
3
 methyl group at δ 22.7. The structure was further

confirmed by DEPT-135, COSY, HMBC and HSQC analysis (Figure 4.11d-4.11g). 

Thus, the structure of compound L6F8F14 was determined as an anthraquinone and 

identified as the 1-hydroxy-3-methylanthracene-9,10-dione (Figure 4.11a). 
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Figure 4.11a: Chemical structure of L6F8F14  

Table 4.15: NMR spectral data of 
1
H and 

13
C for L6F8F14 

Position 

δ  C (ppm), 

multi* 

δ  H (ppm) 

1 162.82, C - 

2 124.15, CH 7.10 

3 148.67, C - 

4 120.85, CH 7.65 

5 127.40, CH 8.28 

6 134.13, CH 7.78 

7 134.45, CH 7.78 

8 126.82, CH 8.28 

9 188.13, C - 

9a 114.15, C - 

10 182.76, C - 

CH3 22.7 2.45 

OH - 12.56 

*Implied multiplicities determined by DEPT-135 
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Figure 4.11b: 
1
H NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14 
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Figure 4.11c: 
13

C NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14
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Figure 4.11d: DEPT-135 NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14 
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Figure 4.11e: 
1
H-

1
H COSY NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14
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Figure 4.11f: HMBC NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14 



Chapter 4 

  128 
 

 

Figure 4.11g: HSQC NMR spectra (400 MHz, in CHCl3-d4) of L6F8F14
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4.3.5 Biological Screening 

4.3.5.1 Antileishmanial  assay 

The isolated pure compounds L1F3F7, L1F4F4F4, L1F5F7F4, W6F4F4 and L6F8F4 

were assessed in antileishmanial assay against promastigotes of L. amazonensis. 

Compound L1F4F4F4 among all the five isolated ones showed inhibitory activity 

with an IC50 of 2.5 ± 0.38 µg/ml (Table 4.16).  

Table 4.16: Antileishmanial activity of purified compounds 

Sr. no. Compounds 
IC

50
 

µg/ml 

1 L1F3F7 - 

2 L1F4F4F4 2.5 

3 L1F5F7 - 

4 W6F4F4 - 

5 L6F8F14 - 

 

4.3.5.2 Cytotoxicity assay against J774 macrophages 

Cytotoxic effects of compound L1F4F4F4 were determined in J774 macrophage cells 

using MTT assay. The results obtained showed an IC50 of 4 µg/ml (Table 4.16). 

4.3.5.3 Cytotoxicity assay against cancer cell line 

All of isolated compounds were evaluated against PC-3 cell line, according to 

previously described protocol. Only L1F4F4F4 showed cytotoxic effects in PC-3 

prostate cancer cells with an ED50 below the cut-off value of 20. All other tested 

compounds showed values greater than 20. The ED50 value for L1F4F4F4 is 14.6 

µg/ml (Table 4.17).       
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Table 4.17: Cytotoxicity values for purified compounds 

 

Sr. 

no. 

 

Compounds 

PC-3 

ED
50

 

µg/ml 

J774  

Macrophages 

µg/ml 

 1  L1F3F7 - - 

 2  L1F4F4F4 14.6 4 

 
3 

 
L1F5F7 - - 

 4  L6F8F14 - - 

 5  W6F4F4 - - 

4.4 DISCUSSION 

Preliminarily biological screening helped in selection of candidates for 

antileishmanial compound isolation. P. milleri NFL1 and M. hiemalis NFW6 

particularly showed promising activities against both tested Leishmania strains. Large 

scale cultivation of P. milleri NFL1 was carried on PDA media and extract was 

fractionated by normal phase column chromatography. A total of 10 primary fractions 

were obtained, three fractions L1F3, L1F4, L1F5 were selected for compound 

isolation based on their antileishmanial activity. Each fraction afforded one compound 

L1F3F7, L1F4F4F4 and L1F5F7F4. Isolated compounds were also tested in 

antileishmanial assay with promastigote of L. amazonensis. 

4.4.1 Isolation and Identification of Compounds from Primary Fractions L1F3 

and L1F5 of NFL1 Extract 

Primary fractions L1F3 and L1F5 resulted in isolation of two closely related 

compounds i.e. pestalotin (L1F5F7F4) and its analogue (L1F3F7). Isolation of these 

compounds has not been reported previously from P. milleri. Both compounds were 

tested for their antileishmanial and cytotoxic potential but didn’t show any activity.  

Pestalotin is a fungal pyrone, described for the first time from a phytopathogenic 

fungus Pestalotia cryptomeriaecola in 1973 (Strunz et al., 1974) while its analogue  
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4-methoxy-6-pentanoyl-5, 6-dihydro-2H-pyran-2-one has been reported by Kimura et 

al., (1978) from a Pencillium sp. Pestalotin has been isolated from other endophytic 

fungi as well. Recently Wu et al., (2016) reported the isolation of five compounds 

including pestalotin or LL-P880α and its analogues with notable antifungal and 

cytotoxic properties from endophytic fungi DO14 of Dendrobium officinale. Akay  

and co-workers (2014) also reported the isolation of cytotoxic (S)-4-butoxy-6-((S)-1-

hydroxypentyl)-5,6-dihydro-2H-pyran-2-one and pestalotin from Phomopsis 

amygdali, an endophytic fungus isolated from Corylus avellana. In a study by 

Rönsberg et al., (2013) seven α-pyrone derivatives including pestalotin or LL-P880α,  

were isolated from an endophytic fungus Pestalotiopsis virgatula of mangrove plant 

Sonneratia caseolaris.  

Polyketide pathway is generally involved in biosynthesis of pyrones (Schäberle, 

2016). Pyrone derivatives are found in variety of fungi and exhibit a broad spectrum 

of biological activities i.e. antimicrobial, cytotoxic, gibberellin-synergistic and 

spasmolytic (Luo et al., 2012; Zhang et al., 2013; Costa et al., 2014). Recently, Li et 

al., (2015) isolated five new α-pyrone derivatives necpyrones A–E from the fungus 

Nectria sp. occurring in the lichen Pamelia sp. Liu and colleagues (2011) also 

reported eight new antimicrobial and cytoxic α-pyrone derivatives nigerapyrones    

A–E, nigerapyrones F–H and asnipyrones A-B from Aspergillus niger MA-132, an 

endophytic fungus obtained from the fresh tissue of the marine mangrove plant 

Avicennia marina. 

4.4.2 Isolation and Identification of Compound from Fraction L1F4 of             

NFL1 Extract 

The second compound L1F4F4F4 showing promising antileishmanial activity was 

identified as a previously known compound galiellalactone (GL). It is a hexaketide 

lactone and is considered as a characteristic secondary metabolite and chemo-

taxonomic marker of the family Sarcosomataceae. Galiellalactone and its precursors 

have not yet been found outside this family (Köpcke et al., 2002). P. milleri NFL1 is a 

member of family Sacromataceae and the isolation of GL from endophytic P. milleri 

is reported for the first time in this study and there has also been no evidence of 

antileishmanial activity of GL so far, to the best of our knowledge. Anticancer activity 
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of GL has been well documented and our results similar to previous findings have 

shown cytotoxic activity of GL against PC-3. 

Galiellalactone was isolated for the first time from ascomycete Galiella rufa A75-86 

by Hautzel and Anke (1990). It has also been reported from an unidentified 

ascomycetes fungus A111-95 with morphological features similar to Urnula 

craterium (Johansson et al., 2002). Recently, Tian et al., (2015) reported the isolation 

of GL along with eight other related metabolites from an endophytic fungus isolated 

from Cladonia gracilis. The biosynthetic pathway of galiellalactone has not been fully 

elucidated yet, but polyketide pathway seems to be involved in its biosynthesis 

(Johansson et al., 2002). It is presumed to involve cyclaziation of pregaliellalactone to 

deoxygaliellactone followed by enzymatic hydroxylation to GL (Johansson et al., 

2002).  

Galiellalactone has pharmacological importance and possess potent antitumor and 

anti-inflammatory effects (Johansson and Sterner, 2002). It is reported as selective, 

non-peptide, low molecular weight inhibitor of interleukin-6-signalling mediated by 

STAT3 in mammalian cells (Weidler et al., 2000; Canesin et al., 2015). García et al., 

(2015) reported that GL induces cell cycle arrest and apoptosis in prostate cancer 

cells. Recently, galiellalactone was found to inhibit NF-κB signaling and TGF-β 

signaling pathway as well (Perez et al., 2014; Rudolph et al., 2013). Galiellalactone is 

also known to improve experimental allergic asthma and has an anti-thrombotic effect 

in murine models (Hausding et al., 2011; Bollmann et al., 2015). Some of 

galiellalactones precursors and structurally related compounds exhibited nematicidal 

activity as well (Anke and Sterner, 2002; Köpcke et al., 2002). So, galiellalactone and 

its analogs have potential for development of new drug candidates.  

Several other bioactive lactones with diverse biological potential have also been 

isolated from endophytic fungi. Recently, two new bicyclic lactones, 

myrotheciumones A-B with anticancer properties have been isolated 

from Myrothecium roridum, an endophytic fungus of the medicinal herb plant Ajuga 

decumbens (Lin et al., 2014). Antimicrobial and anti-leukemic lasiodiplodin and its 

relatives were also isolated from endophytic fungi associated with brown algae (Yang 

et al., 2006). Similarly, a 10 membered lactone ring having antifungal potential has 

been isolated from Phomopsis sp. endophytic in Azadirachta indica (Wu et al., 2008). 
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4.4.3 Isolation and Identification of Compounds from NFW6 Extract 

M. hiemalis NFW6 was the second most promising strain with respect to 

antileishmanial activity. It showed strong antioxidant and antimicrobial potential as 

well, so, it was selected further for compound isolation. Large scale fermentation of 

the    M. hiemalis NFW6 was carried out on the PDA medium and crude extract was 

fractionated by several normal phase columns. The initial fractionation resulted in 15 

primary fractions after mixing based on TLC profile. One of the primary fractions, 

W6F4 exhibiting less complex TLC profile, was selected and purified further by 

column chromatography. W6F4F4 among the secondary fractions was selected for 1D 

and 2D NMR analysis. W6F4F4 was a triglyceride, triolein derivative and identified 

as the tri((Z)-hexadec-7-en-1-yl) propane-1,2,3-triyl tricarbonate (Mannina et al., 

2000). Triolein is a symmetrical triglyceride derived from three units of the 

unsaturated fatty acid oleic acid and glycerol. It has been isolated from olives 

previously (Alfred, 2002). Triglycerides are an important intermediate during lipid 

metabolism in fungi. Triolein didn’t show any antileishmanial potential. 

Initial screening in antileishmanial assay showed promising activity of primary 

fractions W6F6 and W6F7, both of the fractions were mixed together to have 

sufficient quantity and processed by column chromatography and HPLC as well. The 

compound obtained in the end was not enough for NMR analysis and biological 

activity, so further work on this fraction couldn’t be carried out. But the IC50 values 

obtained after the first round of fractionation indicate that these fractions may contain 

a promising antileishmanial compound and are worthy of future study. 

4.4.4 Isolation and Identification of Compound from  NFL6 Extract 

Crude ethyl acetate extract of Paraconiothyrium sp. NFL6, obtained after the 

fermentation and extraction of Paraconiothyrium sp. on SDA medium, was subjected 

to normal phase liquid chromatography using a gradient mobile phase. This initial 

fractionation resulted in 16 primary fractions obtained after mixing based on TLC 

profile. Random isolation technique was followed and one of the secondary fractions, 

L6F8F14 showing less complex profile on TLC, was selected and purified further by 

reverse phase chromatography. 1D and 2D NMR analysis were used to confirm the 

structure of the isolated compound.  
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L6F8F14 was identified as the 1-hydroxy-3-methylanthracene-9,10-dione or 

pachybasin. Paraconiothyrium sp. is known to produce epoxypholamines A-E, 

tricyclic sesquiterpenes brasilamides A-D, isopimarane diterpenes and ascotoxins 

along with other bioactive compounds (Mohamed et al., 2010; Liu et al., 2010; 

Shiono et al., 2011; Khan et al., 2012). Pachybasin has been identified for the first 

time from Paraconiothyrium sp. It was tested in antileishmanial assay and against  

PC-3 cancer cell line, but didn’t show any activity. The evaluation for antibacterial 

potential of pachybasin is still in process. 

Pachybasin is a known fungal anthraquinone derivative and has been previously 

isolated along with 6 other anthraquinones from an endophytic fungus Phoma 

sorghina, found in association with Tithonia diversifolia (Borges and Pupo, 2006). 

Endophytic filamentous fungus Coelomycetes AFKR-18 isolated from the young 

stems of Arcangelisia flava, has been also found to produce pachybasin with 

antimicrobial properties (Wulansari et al., 2014). Other fungi Phoma foveata, 

Trichoderma harzianum and a marine-derived fungus of Monodictys were also 

reported to produce pachybasin (Shibata and Takido 1955; El-Beih et al., 2007; Liu et 

al., 2009).  

Anthraquinones are produced primarily by the acetate-malonate pathway in fungi. 

They are known to have promising antifungal, anti-parasitic, antibacterial and 

insecticidal activities and are used as natural dye in textile industry as well (Gessler et 

al., 2013). Anthraquinone derivatives with diverse biological activities have been also 

produced by other endophytic fungi. A new cytotoxic anthraquinone derivative,        

9-dehydroxyeurotinone has been isolated from endophytic fungus Eurotium rubrum 

of Hibiscus tiliaceus (Yan et al., 2012). In a study by Hawas et al., (2012) bioactive 

anthraquinones were isolated from a marine endophytic fungus Aspergillus versicolor 

associated with red sea algae. A total of eight compounds were isolated i.e. emodin, 

variculanol, evariquinone, siderin, arugosin C, isorhodoptilometrin-1-methyl ether,   

1-methyl emodin and 7-hydro-xyemodin 6,8-methyl ether showing antimicrobial, 

anti-cancer and antiviral activity. Marinho and colleagues (2005) also reported the 

production of antimicrobial anthraquinones and a new modified anthraquinone 

janthinone from endophytic fungus Penicillium janthinellum. 
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5.1 INTRODUCTION 

In recent past, in silico methods have been developed and widely applied in drug 

discovery programs. They contribute significantly to early pharmaceutical research 

and present an array of opportunities in expediting the discovery of new targets in the 

parasite and also help in optimizing a ligand by analyzing the interaction of the 

compound with target proteins. Identification and 3D structure of drug targets is 

essential for in silico analysis. As the experimental investigations of viable drug 

targets are expensive and time consuming, in silico methods are useful to run so to 

detect proteins reliable for experimental follow-up. In the absence of 3D structure, 

homology modeling aids in predicting protein structure by taking a related protein as 

a template. Homology modeling along with molecular docking has become invaluable 

tool for high-throughput virtual screening and drug discovery. Docking protocols 

helps to predict the preferred orientation of generally a ligand with biological 

macromolecules of parasite (Jacob et al., 2012). The binding energy of the ligand to 

the protein can also be predicted by the preferred orientation of the ligand relative to 

the protein (Meng et al., 2011).  

In present study, endophytic fungi produced compound L1F4F4F4 showed 

antileishmanial potential. In order to understand its interaction with Leishmania 

proteins, different in silico approaches have been utilized in this study. This chapter 

describes the selection of three Leishmania sp. proteins i.e leishmanolysin, 

trypanothione reductase and cysteine protease. Unavailability of 3D structures from  

L. tropica and L. amazonensis led to homology modeling of these protein using eight 

different web based servers. This was followed by structure evaluation of modelled 

proteins by online servers such as PROCHECK, ERRAT, Verify_3D and ProSA-web. 

Finally, docking protocols are utilized to identify binding of L1F4F4F4 against the 

selected optimized model of protein. Highest binding affinity and electrostatic 

interactions were observed between L1F4F4F4 and cysteine protease of Leishmania 

which gives some insights about the possible target of active compound. 
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5.2 MATERIALS AND METHODOLOGY 

5.2.1 Selection of Potential Drug Target 

Three potential protein targets were selected after thorough literature review. The 

target proteins listed as; leishmanolysin, trypanothione reductase and cysteine 

protease, are found in both L. tropica and L. amazonensis, previously used in this 

study. 

5.2.1.1 Leishmanolysin 

Leishmanolysin also termed as GP63, is a zinc metalloprotease belonging to the 

metzincin class. It symbolizes the major surface protease of promastigote surface in 

Leishmania sp. and contributes to parasite virulence and pathogenesis as well. 

Primary sequence of leishmanolysin of Leishmania tropica (Uniport ID: Q8MNZI) 

was retrieved from Uniprot Knowledgebase (UniprotKB) (http://www.uniprot.org) 

comprising of 476 amino acids. 

5.2.1.2 Trypanothione reductase (TR) 

Trypanothione is an important molecule against oxidative stress in Leishmania and 

Trypanosoma. It is exclusive to the parasite and is essential in maintenance of the 

cellular redox potential, thus crucial for parasite survival. Primary sequence of 

trypanothione reductase of Leishmania amazonensis (Uniport ID: QOGU43) was 

retrieved from UniprotKB comprising of 476 amino acids. 

5.2.1.3 Cysteine protease (CPs) 

Cysteine Protease have attracted attention as potential drug targets because they are  

structurally different from the mammalian homolog, they have important role in host 

cell–parasite interaction and have putative virulence factors (Chawla and Madhubala, 

2010). Primary sequence of cysteine protease from Leishmania pifanoi (Uniport ID: 

Q05094) was retrieved from UniprotKB comprising of 444 amino acids. 

5.2.2 Model Building of Selected Targets  

Unavailability of crystallographic structure for drug target in the Protein Data Bank 

http://www.uniprot.org/
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(PDB) is a huge obstacle for structure based-drug design. So, homology modeling 

provides excellent alternative in this case. Homology models of targets are generated 

from amino acid query sequences using various automated web-based modelling tools 

such as ModWeb, SWISS-MODEL, I-TASSER, M4T, 3D-JIGSAW, RaptorX,   

Phyre 2 and Int FOLD. 

5.2.2.1 ModWeb 

ModWeb is an online server commonly used for comparative protein structure 

modeling. It depends on ModPipe, an automated software pipeline used for 

calculating protein structures. It can be accessed from 

https://modbase.compbio.ucsf.edu/scgi/modweb.cgi (Contreras-Moreira and Bates, 

2002). 

5.2.2.2 SWISS-MODEL 

SWISS-MODEL is an automated server used for homology based protein modeling. It 

can be accessed through ExPASY web server and Swiss PDB-Viewer 

http://swissmodel.expasy.org/ (Schwede, 2003). 

5.2.2.3 I-TASSER 

I-TASSER (Iterative threading assembly refinement) is a hierarchical method for 

protein structure and function prediction. 3D structures are generated on the basis of 

multiple threading approach LOMETS (Local meta threading server). Function is 

predicted by threading the 3D structure with BioLiP protein function database. It is 

available on URL: http://zhanglab.ccmb.med.umich.edu/I-TASSER/ (Yang et al., 

2015). 

5.2.2.4 M4T 

M4T (Multiple mapping method with multiple templates) is a comparative protein 

structure modeling server that uses a combination of multiple templates and iterative 

optimization of alternative alignments. The server is available at 

http://manaslu.aecom.yu.edu/M4T/ (Rykunov et al., 2009). 

https://modbase.compbio.ucsf.edu/scgi/modweb.cgi
http://swissmodel.expasy.org/
http://zhanglab.ccmb.med.umich.edu/I-TASSER/
http://manaslu.aecom.yu.edu/M4T/
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5.2.2.5 3D-JIGSAW  

3D-JIGSAW is a comparative modelling server used for predicting structure and 

function against given protein sequence. It can be accessed from 

http://bmm.crick.ac.uk/~3djigsaw/ (Bates et al., 2001). 

5.2.2.6 RaptorX 

RaptorX distinguishes itself from other servers by the quality of the alignment 

between a target sequence and one or multiple distantly related template proteins. It 

can be accessed from http://raptorx.uchicago.edu/ (Källberg et al., 2012).  

5.2.2.7 Phyre 2 

Phyre 2 (Protein homology/analogy recognition engine V 2.0), build 3D models by 

using advanced homology detection methods. It predict ligand binding sites and also 

analyze the effect of amino acid variants for a given protein sequence. The server is 

available at http://www.sbg.bio.ic.ac.uk/phyre2 (Kelley et al., 2015).  

5.2.2.8 Int FOLD 

The Int FOLD server is an integrated resource for modelling structures and functions 

of proteins from their sequences. The Int FOLD server is available at 

http://www.reading.ac.uk/bioinf/IntFOLD/ (McGuffin et al., 2015). 

5.2.3  Model Selection and Evaluation  

All models generated using web-based servers were evaluated through PROCHECK 

(Laskowski et al., 1993). Then, optimal models of leishmanolysin, trypanothione 

reductase and cysteine protease selected on the basis of PROCHECK results are 

subjected to energy minimization through UCSF Chimera to further improve the 

overall quality of protein model. The minimization process comprised of 750 steps of 

steepest descent and conjugate gradient each using a dielectric constant of 1 with the 

tripos force field (TFF) (Pettersen et al., 2004). The quality of minimized models was 

evaluated using online servers like PROCHECK, Verify_3D, ERRAT and ProSA-

web. 

http://bmm.crick.ac.uk/~3djigsaw/
http://raptorx.uchicago.edu/
http://www.sbg.bio.ic.ac.uk/phyre2%20(Kelley
http://www.reading.ac.uk/bioinf/IntFOLD/
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5.2.3.1 PROCHECK 

PROCHECK evaluate protein models by checking stereo chemical properties and 

residue by residue geometry of the overall structure. Regions having unusual 

geometry are being highlighted in proteins providing complete assessment of the 

structure (Laskowski et al., 1993). 

5.2.3.2 Verify_3D 

Verify_3D determine the compatibility of 3D structure with corresponding amino acid 

sequence. Each residue of a protein is given a structural preference based on residue 

environment and location. On the basis of available accurate structures, each amino 

acid is assigned a specific score (Eisenberg et al., 1997). 

5.2.3.3 ERRAT 

ERRAT is a tool for evaluation of model building and refinement process. It 

statistically analyzes different non-bonded interactions among atom types. The output 

consists of a plot of error function versus to position of residue (Colovos and Yeates, 

1993). 

5.2.3.4 ProSA-web 

ProSA-web (Protein structure analysis) is frequently used tool for protein structure 

validation. ProSA score helps in obtaining the energy profiles of models; it also 

evaluates the interaction energy per residue of the structures. Reliability of the model 

is confirmed by residues with negative ProSA energies (Wiederstein and Manfred, 

2007). 

5.2.4 Active Site Prediction 

Suitable active site is characterized based on shape, size and the hydrophobic features 

of the particular site (Teodoro et al., 2001). In this study, active sites are determined 

by thorough search of literature review for all selected target proteins. The 

corresponding residues of active site were identified in modeled proteins with the help 

of sequence alignment of the target and template by Clustal Omega available on 
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http://www.ebi.ac.uk/Tools/msa/clustalo/. 

5.2.5  Molecular Docking 

Minimized structure of the target proteins was subjected to molecular docking to get 

insight into binding mode of L1F4F4F4. Docking software exploited in this study is 

AutoDock Vina (Jones et al., 1997; Trott and Olson, 2010). 2D structure of inhibitor 

was built by the molecular modeling package ChemOffice 2004, with standard bond 

angles and bond length (Li et al., 2004).  

5.2.5.1 AutoDock Vina 

AutoDock Vina is a sophisticated tool for molecular docking that employs iterated 

local search global optimizer. This optimization algorithm take into account multiple 

successive mutation and local optimization steps (Trott and Olson, 2010). In the 

current study, rigid docking is carried out in AutoDock Vina. PDBQT file format for 

the receptors and ligand is generated using PyRx. Grid box having size of                 

40 Å × 40 Å × 40 Å and coordinates of  

 x = 16.587, y = 42.00 and z = 12.480 were generated for leishmanolysin,  

 x = 30.227, y = 50.318 and z = -22.336 were generated for trypanothione 

reductase, 

 x = -6.378, y = 12.616 and z = 60.209 were generated for cysteine protease. 

Ligplot was used to visualize the interaction pattern i.e. hydrogen bonding and 

hydrophobic interactions, between protein active site and docked ligand. 

5.3  RESULTS 

5.3.1 Model Building for Selected Drug Target 

5.3.1.1 Model building for leishmanolysin 

Eight leishmanolysin models were generated from web based servers. Structure 

evaluation of all the models was done by using PROCHECK server. Table 5.1 

summarizes the Ramachandran plot values generated via PROCHECK for 

leishmanolysin.

http://www.ebi.ac.uk/Tools/msa/clustalo/
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Table 5.1. PROCHECK results for leishmanolysin models generated by web based servers 

P
R

O
C

H
E

C
K

 

M
a
in

  

R
a
m

a
ch

a
n

d
ra

n
 P

lo
t 

 MODELS 

 

ModWeb 

 

SWISS 

MODEL 

 

I-Tasser 

 

M4T 

 

3D Jigsaw 

 

RaptorX 

 

Phyre 2 

 

Int FOLD 

 

Residues in most 

favored region 

 

(91.4 %) 

382 

 

(86.7 %) 

360 

 

(71.4 %) 

412 

 

(91.1 %) 

381 

 

(70.5 %) 

277 

 

(89.9 %) 

519 

 

(81.3 %) 

469 

 

(90.1 %) 

520 

 

Residues in 

additionally 

allowed regions 

 

(7.7 %) 

32 

 

(12 %) 

50 

 

(23.3 %) 

134 

 

 

(8.4 %) 

35 

 

(23.7 %) 

93 

 

(8.5 %) 

49 

 

(14%) 

81 

 

 

(8.7 %) 

50 

Region in 

generously allowed 

regions 

 

(1 %) 

4 

 

(1 %) 

4 

 

(3.3 %) 

19 

 

(0.2 %) 

1 

 

(3.6 %) 

14 

 

(0.7 %) 

4 

 

(2.6 %) 

15 

 

(0.9 %) 

5 

Residues in disallowed 

regions 
 

(0.0 %) 

0 

 

(0.2 %) 

1 

 

(2.1 %) 

12 

 

(0.2 %) 

1 

 

(2.3 %) 

9 

 

(0.9 %) 

5 

 

(2.1 %) 

12 

 

(0.3 %) 

2 

Number of non-glycine 

and non-proline 

residues 

 

418 

 

415 

 

577 

 

418 

 

393 

 

577 

 

577 

 

577 

Number of end-residues 

(excl. Gly and Pro) 
 

2 

 

3 

 

2 

 

2 

 

7 

 

2 

 

2 

 

2 

Number of glycine 

residues 
 

37 

 

36 

 

49 

 

37 

 

37 

 

49 

 

49 

 

49 

Number of proline 

residues 
 

19 

 

19 

 

29 

 

19 

 

19 

 

29 

 

29 

 

29 

Total number of 

residues 
 

476 

 

473 

 

657 

 

476 

 

456 

 

657 

 

657 

 

657 

M
a

in
 

C
h

a
in

 G-factor -0.04 0.07 -0.44 -0.04 -1.38 -0.08 -0.19 -0.08 

Bad contacts 
-0.3 -0.3 -0.4 -0.3 0.2 3.2 -0.1 -0.3 
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5.3.1.1.1. Model selection for leishmanolysin 

Comparative analysis was carried out between Ramachandran plot values generated 

via PROCHECK for all the 8 models. They were investigated to select the most 

reliable model depending on residues in most favored region, residues in disallowed 

region, bad contacts and G-factor. The most prominent model of leishmanolysin was 

generated by ModWeb (Figure 5.1a) which showed 91.4 % residues in most favorable 

region while no residue in disallowed region. Leishmania major leishmanolysin   

(PDB ID: 1LMLA) was used as template, the total protein length was 657 amino 

acids. The target region was 102-577 and template region was 100-574 with sequence 

identity of 83 % and Z-Dope score of -0.69. In order to visualize structural similarity 

of protein structure with template, selected protein model was superimposed with its 

respective template (Figure 5.1b). 

 

Figure 5.1a: Leishmanolysin model predicted by ModWeb showing Zn
+2

 ion in 

grey sphere 
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Figure 5.1b: 3D view of superimposition of homology model of leishmanolysin 

generated using webserver ModWeb (red) on the corresponding L. major 

leishmanolysin (light blue) (PDB code: 1LMLA) 
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5.3.1.1.2 Model evaluation for leishmanolysin 

Selected model was subjected to energy minimization by UCSF Chimera and final 

energy minimized model was evaluated by PROCHECK, ERRAT, Verify_3D and 

ProSA-web. Ramachandran plot of minimized leishmanolysin is shown in Figure 

5.1c. After the minimization step few residues shifted from most favored region to 

additional allowed region in Ramachandran plot but the overall quality of the model 

has been improved as shown by results of ERRAT (87.607), Verify_3D (93.49 %) 

and ProSA-web (-9.11) (Figure 5.1d-5.1e).  

 

 

Figure 5.1c:Ramachandran plot of the selected optimum model of leishmanolysin 
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Figure 5.1: d) ERRAT overall quality factor of the selected optimum model of 

leishmanolysin e) Z-score of the selected optimum model of leishmanolysin 

 

5.3.1.2 Model building for trypanothione reductase 

Eight models of trypanothione reductase generated from web based servers were 

evaluated by using PROCHECK. Table 5.2 summarizes the Ramachandran plot values 

generated via PROCHECK for trypanothione reductase.

(d) 

(e) Z- Score= -9.11 

Overall quality factor**: 87.607 
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Table 5.2 PROCHECK results for trypanothione reductase models generated by web based servers 

P
R

O
C

H
E

C
K

 

R
a

m
a
ch

a
n

d
ra

n
 P

lo
t 

 MODELS 

 

ModWeb 

 

SWISS 

MODEL 

 

I-Tasser 

 

M4T 

 

3D Jigsaw 

 

RaptorX 

 

Phyre 2 

 

Int 

FOLD 

Residues in most favored 

region 
 

(93.1 %) 

380 

 

(87.7 %) 

358 

 

(82.6 %) 

337 

 

(92.4 %) 

377 

 

(85.3 %) 

290 

 

(92.6 %) 

378 

 

(91.2 %) 

372 

 

(93.6 %) 

382 

Residues in 

additionally 

allowed regions 

 

(6.4 %) 

26 

 

(11.5 %) 

47 

 

(15.9 %) 

65 

 

(6.6 %) 

27 

 

 

(13.5 %) 

46 

 

(6.4 %) 

26 

 

(8.1 %) 

33 

 

(6.1 %) 

25 

Region in 

generously allowed 

regions 

 

(0.2 %) 

1 

 

(0.5 %) 

2 

 

(1 %) 

4 

 

(0.7 %) 

3 

 

(0.9 %) 

3 

 

(0.7 %) 

3 

 

(0.5 %) 

2 

 

(0.0 %) 

0 

Residues in disallowed 

regions 
 

(0.2 %) 

0 

 

(0.2 %) 

1 

 

(0.5 %) 

2 

 

(0.2 %) 

1 

 

(0.3 %) 

1 

 

(0.2 %) 

1 

 

(0.2 %) 

1 

 

(0.2 %) 

1 

Number of non-glycine 

and non-proline residues 
 

418 

 

415 

 

577 

 

418 

 

393 

 

577 

 

577 

 

577 

Number of end-residues 

(excl. Gly and Pro) 
 

2 

 

3 

 

2 

 

2 

 

7 

 

2 

 

2 

 

2 

Number of glycine 

residues  
 

37 

 

36 

 

49 

 

37 

 

37 

 

49 

 

49 

 

49 

Number of proline 

residues 
 

19 

 

19 

 

29 

 

19 

 

19 

 

29 

 

29 

 

29 

Total number of residues  

476 

 

473 

 

657 

 

476 

 

456 

 

657 

 

657 

 

657 

M
a

i 
n

 

 C
h

a
in

 G-factor 0.03 0.11 -0.29 0.01 -0.34 -0.03 -0.04 -0.11 

Bad contacts -0.4 -0.4 -0.4 -0.4 -0.3 -0.4 -0.4 -0.4 
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5.3.1.2.1 Model selection for trypanothione reductase  

Comparative analysis was carried out between Ramachandran plot values generated via 

PROCHECK for TR models. They were investigated to select the most reliable model 

depending on residues in most favored region, residues in disallowed region, bad contacts 

and G-factor. Results revealed that the most prominent model is generated by ModWeb 

(Figure. 5.2a) which showed 93.1 % residues in most favorable region while no residue in 

disallowed region in Ramachandran plot. L. infantum (PDB ID: 2JK6A) was used as 

template, the total protein length was 476 amino acids. Target region was 1-476 and 

template region was 8-43 with sequence identity of 91 % and Z-Dope score of -0.8. In order 

to visualize structural similarity, selected protein model was superimposed with its 

respective template (Figure 5.2b).  

 

Figure 5.2a: Trypanothione reductase model predicted by ModWeb 
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Figure 5.2b: 3D view of superimposition of homology model of TR (yellow) generated 

using webserver ModWeb on the corresponding L. infantum TR (red)                      

(PDB code: 2JK6A) 
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5.3.1.2.2 Model evaluation for trypanothione reductase 

Selected model was subjected to energy minimization by UCSF Chimera and final energy 

minimized model was evaluated by PROCHECK, ERRAT, Verify_3D and ProSA-web. 

Ramachandran plot of minimized trypanothione reductase is shown in Figure 5.2c. After the 

minimization step some residues have shifted from most favored region to additional 

allowed region in Ramachandran plot but the overall quality of the model has been 

improved as shown by results of ERRAT (94.44), Verify_3D (91.18 %) and ProsA-web      

(-11.8) (Figure. 5.2d-5.2e). 

 

Figure 5.2c: Ramachandran plot of the selected optimum model for TR 
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Figure 5.2(d): ERRAT overall quality factor of the selected optimum model of TR 

(e) Z-score of the selected optimum model of TR 

 

5.3.1.3 Model building for cysteine protease  

Eight models of cysteine protease generated from web based servers were evaluated by 

using PROCHECK. Table 5.3 summarizes the Ramachandran plot values generated via 

PROCHECK for cysteine protease.

Z-Score= -11.8 

Overall quality factor**: 94.444 (d) 

(e) 
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Table 5.3 PROCHECK results for CPs models generated by web based servers

P
R

O
C

H
E

C
K

 

M
a
in

  

R
a
m

a
ch

a
n

d
ra

n
 P

lo
t 

 MODELS 

 

ModWeb 

 

SWISS 

MODEL 

 

I-Tasser 

 

M4T 

 

3D Jigsaw 

 

RaptorX 

 

Phyre 2 

 

Int FOLD 

 

Residues in most 

favored region 

 

(90.6 %) 

164 

 

(78.6 %) 

213 

 

(54.7 %) 

210 

 

(87.4 %) 

243 

 

(73.3 %) 

151 

 

(86.7 %) 

333 

 

(66.1 %) 

254 

 

(85.4 %) 

328 
 

Residues in 

additionally 

allowed regions 

 

(7.7 %) 

14 

 

(16.2 %) 

44 

 

(31.8 %) 

122 

 

(11.9 %) 

33 

 

 

(22.8 %) 

47 

 

(11.2 %) 

43 

 

(22.7 %) 

87 

 

(12.5 %) 

48 

Region in 

generously allowed 

regions 

 

(1.1 %) 

2 

 

(4.1 %) 

11 

 

(8.3 %) 

32 

  

(0.0 %) 

0 

 

(3.9 %) 

8 

 

(1 %) 

4 

 

(5.5 %) 

21 

 

(1.6 %) 

6 
Residues in disallowed 

regions 
 

(0.6 %) 

1 

 

(1.11 %) 

3 

 

(5.2 %) 

20 

 

(0.7 %) 

2 

 

(0.0 %) 

0 

 

(1 %) 

4 

 

(5.7 %) 

22 

 

(0.5 %) 

2 
Number of non-glycine 

and non-proline residues 
 

418 

 

415 

 

384 

 

418 

 

393 
 

577 

 

577 

 

577 
Number of end-residues 

(excl. Gly and Pro) 
 

2 

 

3 

 

2 

 

2 

 

7 
 

2 

 

2 

 

2 
Number of glycine 

residues 
 

37 

 

36 

 

41 

 

37 

 

37 
 

49 

 

49 

 

49 
Number of proline 

residues 
 

19 

 

19 

 

17 

 

19 

 

19 
 

29 

 

29 

 

29 
Total number of residues  

476 

 

473 

 

444 

 

476 

 

456 
 

657 

 

657 

 

657 

M
a

in
 

C
h

a
in

 G-factor -0.11 -0.09 -2.7 0.09 -1.03 -0.15 -2.75 -0.21 
Bad contacts -0.3 0.4 -0.3 -0.2 0.4 1 -0.3 -0.2 
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5.3.1.3.1 Model selection for cysteine protease  

Comparative analysis was carried out between Ramachandran plot values generated via 

PROCHECK for CPs models. They were investigated to select the most reliable model 

depending on residues in most favored region, residues in disallowed region, bad contacts 

and G-factor. Comparative analysis of results revealed that the prominent model is generated 

by RaptorX (Figure 5.3a) which showed 86.7 % residues in most favorable region while 

only 4 residues in disallowed region in Ramachandran plot. Trypanosoma cruzi cruzain 

(PDB ID: 4pi3A) was the most relevant template with p-value of 1.09e-16, overall uGDT 

(GDT): 311 (70). 100 % residues (444) are modeled and 7 % positions (33) predicted as 

disordered. The structure is modelled in three domains.  

Domain 1: 122-347, Targets: 4PI3A, 2P7UA, 1AIMA  

P-value: 1.09e-16, uGDT (GDT): 201(89), Score: 207 

Domain 2: 1-121, Targets: 1PCIA, 3TNXA, 3QJ3A, 3QT4A, 1BY8A  

P-value: 1.32e-03, uGDT (GDT): 73(60), Score: 79 

Domain 3: 348-444, Targets: 3U9UE, 3U2PA, 4P59A, 3QWQA, 1IGRA  

P-value: 2.25e-03, uGDT (GDT): 38(39) Score: 19 

 

Figure 5.3a: Cysteine protease model predicted by RaptorX 
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5.3.1.3.2 Model evaluation for cysteine protease 

Selected model was subjected to energy minimization by UCSF Chimera and final energy 

minimized model was evaluated by PROCHECK, ERRAT, Verify_3D and ProSA-web. 

Ramachandran plot of minimized cysteine protease is shown in Figure 5.3b. After the 

minimization step some residues have shifted from most favored region to additional 

allowed region but the overall quality of the model has been improved as shown by results 

of ERRAT (80.896), Verify_3D (79.05 %) and ProSA-web (-11.8) (Figure 5.3c-5.3d).  

 

 

Figure 5.3b: Ramachandran plot of the selected optimum model of cysteine protease 
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Figure 5.3 (c): ERRAT overall quality factor of the selected optimum model of cysteine 

protease (d) Z-score of the selected optimum model of cysteine protease 

     Overall quality factor**: 80.896 (c) 

(d) 

Z-Score= -11.8 



Chapter 5 

155 

5.3.2 Active Site Determination  

5.3.2.1 Target template alignment of leishmanolysin 

Leishmanolysin or GP63 contains three domains: N-terminal, central, and C-terminal. The 

binding pocket of leishmanolysin is built by His334, Asp342–Ala348 and Phe272–Ser333 

from the central domain while His264, His268 and zinc metal from N-terminal domain. 

Sequence alignment of target sequence with template is analyzed for active site 

determination in target sequence. In this study, His264, His268 and His334 of the active site 

are found in the same order in target but with a difference of two amino acids (Figure 5.4). 

So, in the modelled protein the active site is at His266, His270 and His336 (Schlagenhauf 

et al., 1998), these residues were chosen as the central residue to perform docking.       

Figure 5.4: Sequence alignment of leishmanolysin (PDB ID: 1LMLA) with target 

for active site determination 
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5.3.2.2 Target template alignment of trypanothione reductase 

Trypanothione reductase is a dimer and each monomer in composed of 4 domains. Domain I 

is a FAD binding domain constructed from residues 1-155. Domain II is a NADPH binding 

structure and consists of residues 156-289. Domain III is composed of 290 to 359 while the 

domain IV which is the interface domain is composed of residues 360-492. The functional 

dimer contains two active sites, each located in the crevice formed at the junction of domain 

I and III of one subunit and domain IV for other subunit. Amino acids residues in the active 

site are Ile339, Trp21, Met113, Ser109, Ala343, His461, Glu18 and Ile106 (Hunter et al., 

1992). Sequence alignment of target sequence with template is analyzed for active site 

determination in target sequence (Figure 5.5). In our study, the active site residues are found 

in the same order in target but with a difference of seven amino acids. So, in the modelled 

protein, Ile332, Met106, Ser102, Ala336 comprise active site and were chosen as the central 

residue to perform docking.       

Figure 5.5: Sequence alignment of trypanothione reductase (PDB ID: 2JK6A) with 

target for active site determination 
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5.3.2.3 Target template alignment of cysteine protease 

The polypeptide chain of cysteine proteases is folded into two domains, between which the 

V-shaped active site is formed (Musil et al., 1991). The structure of the active site is highly 

conserved and the catalytic triad of all cysteine proteases consists of a nucleophilic cysteine, 

a histidine and an asparagine. These sites are responsible for the substrate specificity 

(Barrett and Kirschke 1981; Storer and Menard 1994). Sequence alignment of target 

sequence with template is analyzed for active site determination in target sequence 

(Figure 5.6). In our study, the active site residues are found with a difference of twenty 

amino acids in target except Asn185. The catalytic triad in modelled protein is Cys9, His168 

and Asn185, so these residues were chosen as the central residue to perform docking.       

 Figure 5.6: Sequence alignment of template (PDB ID: 4PI3A) with target for active site 

determination 
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5.3.3 Molecular Docking 

Molecular docking studies assist in calculating the preferred conformation and orientation of 

active molecules within the binding pocket of enzyme. Molecular docking studies are 

carried out using AutoDock Vina program. The docked structures were viewed using VMD 

1.9.2 (Visual Molecular Dynamics). Docked poses with strong binding affinities and high 

scores were further analyzed via Ligplot (Wallace et al., 1995). 

5.3.3.1 Docking analysis with leishmanolysin 

Autodock provided nine modes of ligand L1F4F4F4 and the top ranked mode was analyzed 

manually by VMD. The binding energy of L1F4F4F4 with leishmanolysin was –6 kcal/mol. 

Ligand L1F4F4F4 makes close interaction with active residues within 5 Å of ligand like 

Gly224, Leu226, Val263, His266, His270, His336 and Ala350 (Figure 5.7a-5.7b). Further 

exploration of complex using tools like Ligplot confirmed the active site residues 

interactions with ligand. 2D depiction of complex using Ligplot (Figure 5.7c) elucidates 

hydrogen bonds with Glu267, whereas spiked atoms like Gly224, Val225, His266, His336, 

Ala351 and Val263 were involved in hydrophobic contacts with protein. 

Figure 5.7a: 3D depiction of protein-ligand complex highlighting ligand binding at 

normal binding pocket  
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Figure 5.7b: 3D depiction of protein-ligand complex highlighting the amino acid 

residues within 5 Å of ligand L1F4F4F4 

Figure 5.7c: Interaction diagram of L1F4F4F4 with leishmanolysin using Ligplot
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5.3.3.2 Docking analysis with trypanothione reductase 

Autodock provided nine modes of ligand L1F4F4F4 and the top ranked mode was 

analyzed manually by VMD. The binding energy of  L1F4F4F4 with TR was              

–5.4 kcal/mol. L1F4F4F4 makes close interaction with active residues within 5 Å of 

ligand like Pro329, Asp351, Lys354, Gln432, Ile436 and Lys439 (Figure 5.8a-5.8b). 

Further exploration of the complex using tools like Ligplot confirmed the active site 

residues interactions with ligand. 2D depiction of complex using Ligplot (Figure 5.8c) 

elucidates hydrogen bonds with Ser7 and Glu11, whereas spiked atoms like Leu10, 

Tyr103, Met106 and Ile332 were involved in hydrophobic contacts with protein. 

Figure 5.8a: 3D depiction of protein-ligand complex highlighting ligand binding 

at normal binding pocket 

Figure 5.8b: 3D depiction of protein-ligand complex highlighting the amino acid 

residues within 5 Å of ligand L1F4F4F4 
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Figure 5.8c: Interaction diagram of L1F4F4F4 with trypanothione reductase 

using Ligplot 

 

5.3.3.3 Docking analysis with cysteine protease 

Autodock provided nine modes of ligand L1F4F4F4 and the top ranked mode was 

analyzed manually by VMD. The binding energy of L1F4F4F4 with cysteine protease 

was –6.5 kcal/mol. L1F4F4F4 makes close interaction with residues within 5 Å of 

ligand like Arg97, Tyr98, His207, Asp240, Arg342 and Ser344 (Figure 5.9a-5.9b). 2D 

depiction of complex using LIGPLOT (Figure 5.9c) elucidates hydrogen bonds with 

Asn205, Arg97 and Tyr98 whereas spiked atoms like Gln238, Ile239, Asp240 and 

Arg342 were involved in hydrophobic contacts with protein. 
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Figure 5.9a: 3D depiction of protein-ligand complex highlighting ligand binding 

at normal binding pocket 

Figure 5.9b: 3D depiction of protein-ligand complex highlighting the amino acid 

residues within 5 Å of ligand L1F4F4F4 
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Figure 5.9c: Interaction diagram of L1F4F4F4 with cysteine protease using 

Ligplot 

5.4 DISCUSSION 

During selection of drug target in a parasite, it is essential that the putative target is 

crucial for the survival of parasite because a non-essential protein sequence may not 

affect the pathogen as only essential proteins are involved in vital metabolic pathways 

linked with the survival of the pathogen. These essential proteins are specific to the 

type of pathogen and also include virulent protein sequences. 

It should also be considered that either target protein is different from the host 

homolog or it is totally absent in the parasite, so that it can be used as a drug target 

otherwise targeting proteins with similar pathway or function may result in inhibiting 

both host and pathogen proteins. Cellular organization in Leishmania is considerably 

different from the mammalian cells and thus, it is possible to find targets that are 



Chapter 5 

 

 164 
 

unique to these pathogens. In this study three leishmanial proteins were selected after 

thorough study of the literature i.e leishmanolysin or GP63, trypanothione reductase 

and cysteine protease. 

Leishmanolysin is a glycosylated protein of 63 kD and main surface protease of the 

Leishmania sp. It participates in the resistance of promastigotes to complement-

mediated lysis and helps in receptor-mediated uptake of Leishmania (Schlagenhauf et 

al., 1998; Yao et al., 2003; Bianchini et al., 2006). Previously, Shaukat et al., (2013) 

has also studied the effect of benzimidazoles on L. major by taking leishmanolysin as 

a drug target. 

Trypanothione is an important molecule that maintains cellular redox potential in 

parasite and is absolutely essential for its life cycle. Two enzymes, trypanothione 

synthetase (TS) and trypanothione reductase (TR) are involved in the synthesis of 

trypanothione. TS is involved in synthesis of trypanothione from two molecules of 

spermidine and glutathione while TR maintains the reduced form of trypanothione in 

the presence of NADPH (Fairlamb et al., 1985). This reduced trypanothione further 

reduces tryparedoxin followed by reduction of peroxidase; an enzyme involved in 

tryparedoxin recycling. Tryparedoxin is mainly involved in final reduction of 

peroxidases to water or alcohols. The enzymes involved in this pathway are of a great 

significance and excellent drug targets, as this is a unique pathway crucial in 

regulation of oxidative stress in these parasites (Chawla and Madhubala, 2010). 

Previously, Ogungbe et al., (2014) also showed the interaction of flavonoid artonin B 

to L. infantum TR by selective docking.  

Cysteine, aspartate, serine and metallo-enzymes are four main types of proteinase. 

The most identified and characterized are the cysteine proteinases (CPs) in case of 

parasitic protozoa. CPs are putative virulence factor, involved in host cell–parasite 

interaction and are structurally different from the mammalian homolog (Chawla and 

Madhubala, 2010; Kerr et al., 2010). There are 65 cysteine proteinases currently 

known in this regard and have attracted attention as potential drug targets (Hussain   

et al., 2014). Selzer et al., (1997) also predicted non-peptide inhibitors of cysteine 

protease of L. major.   
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In the present study, since the 3D structure of selected target proteins leishmanolysin, 

trypanothione reductase and cysteine protease were not available in PDB from 

L. tropica or L. amazonensis, homology modelling of these proteins provided 

excellent alternative for predicting protein structure. 

Hence, for this purpose, the sequence of leishmanolysin from L. tropica, sequence of 

TR enzyme from L. amazonensis and sequence of cysteine protease from L. pifanoi 

was retrieved from Uniport KB and submitted in 8 automated web servers for 

predicting protein structures i.e. ModWeb, SWISS-MODEL, I-TASSER, M4T, 

3D-JIGSAW, RaptorX, Phyre 2 and Int FOLD. All the 24 generated protein models 

for the aforementioned target proteins were evaluated by PROCHECK. It checks the 

overall and residue-by-residue geometry of protein structure and evaluates the 

stereochemical quality of a protein structure. Ramachandran plot highlighted the 

phi-psi torsion angles for all residues in a protein structure. Red colored regions of the 

Ramachandran plot corresponded to the “core” regions and maximum percentage of 

protein residues present in this region depicted good stereochemical quality of protein 

models. Overall G factor for all the protein models was also calculated. It gives the 

normality of protein structure which is obtained from the average G-factors of all the 

residues in a protein structure. Another model validation parameter considered during 

model selection was bad contacts or non-bonded interactions. These are defined as 

contacts having nearest approach distance less than or equal to 2.6 Å. On the basis of 

PROCHECK results most reliable model was selected and optimized by energy 

minimization using UCSF chimera. ModWeb models were selected for 

leishmanolysin and trypanothione reductase while RaptorX was selected for cysteine 

protease based on previously mentioned criteria.  

The overall quality of the model was improved after energy minimization and was 

confirmed by Ramachandran plot, bad contacts and G-factor values obtained from 

PROCHECK, quality factor from Z-scores from ProSA-web, averaged 3D–1D scores 

from VERIFY_3D and ERRAT. ProSA-web basically evaluates the interaction 

energy per residue of the structures (Wiederstein and Manfred, 2007). Similarly, 

VERIFY_3D score the compatibility of the 3D structure model with any amino acid 

sequence and shows the residues score, residues with a score over 0.2 are reliable 

(Eisenberg et al., 1997). 
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All three optimal models i.e. leishmanolysin, trypanothione reductase and cysteine 

protease were further used for computational analysis like molecular docking. 

Molecular docking studies were performed to understand the binding fashion of the 

previously isolated antileishmanial compound L1F4F4F4 with these proteins. 

Appropriate active site in protein tertiary structure for small molecule binding must be 

investigated for its effective inhibition. In this study, active site is predicted by 

sequence alignment between target and template. Then the active compound 

L1F4F4F4 was docked with proteins to form a ligand protein complex. Ligand makes 

several interactions with the target proteins. Electrostatic interactions such as 

hydrogen bonds play a major role in many biochemical processes such as ligand 

binding and enzyme catalysis (Kukic and Nielsen, 2010). They contribute towards the 

stability of ligand-enzyme complex and also provide specificity of interaction, hence 

helping in molecular recognition (Azam et al., 2014). The ligand-enzyme 

(leishmanolysin) complex was stabilized by several hydrophobic interactions and a 

hydrogen bond with Glu267 at a distance of 3.31 Å. While in case of TR, two 

hydrogen bonds with Glu11 at a distance of 3 Å and Ser7 at a distance of 3.12 Å 

helped in stabilizing the complex. Similarly, the ligand-enzyme complex in case of 

cysteine protease was stabilized by hydrogen bonds with Arg97 at distance of 3.18 Å, 

with Tyr98 at a distance of 2.86 Å and with Asn205 at a distance of 2.827 Å. 

Although, ligand L1F4F4F4 didn’t exhibit selectivity to all the three tested 

Leishmania protein but showed highest binding energy of -6.5 k cal/mol when docked 

with cysteine protease. Binding affinity of ligand into active pocket of cysteine 

protease has given some insights into the possible effect of ligand (L1F4F4F4) on the 

Leishmania, but experimental follow up with the Leishmania enzyme is mandatory to 

establish the fact. 
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6.1 Summary 

The main objective of this research was to investigate the bioactive potential of 

endophytic fungi associated with Taxus fuana and to isolate compounds with 

antileishmanial activity. For this purpose, five endophytic strains were grown on four 

different solid state media, the reason was to analyze the impact of media on 

secondary metabolite production by OSMAC (one strain many compound) approach. 

Further, biological screening of these extracts was carried out in a panel of bioassays 

including antioxidant, antimicrobial, antileishmanial and anticancer assays. 

Endophytic strains showed diverse biological activities and results signified sound 

impact of OSMAC approach on production of secondary metabolite and on biological 

activity as well. Extracts of the same strain displayed significant activities in one 

medium, while exhibiting no activity in other medium. 

Based on preliminarily screening three endophytic strains were selected for scale up 

fermentation to carry out compound isolation. P. milleri NFL1 and M. hiemalis 

NFW6 were selected based on their antileishmanial activity in initial screening 

against both L. tropica and L. amazonensis. Moreover, these strains showed 

promising results in antibacterial, anticancer and antioxidant assays. 

Paraconiothyrium sp. NFL6 was the third strain selected, based on its antibacterial 

and cytotoxic activity. Finally the selected candidates were up-scaled for compound 

isolation. PDA medium was selected for large scale fermentation of P. milleri NFL1 

and M. hiemalis NFW6 while SDA medium was selected for Paraconiothyrium sp. 

NFL6 based on results obtained after initial screening.  

Various chromatographic techniques were employed for bioactive compound isolation 

from these endophytic fungal extracts. Normal phase column chromatography, thin 

layer chromatography, preparative TLC, reverse phase C18 column chromatography 

are the few techniques used for fractionation, compound isolation and purification. 

After initial fractionation, the key fractions were selected based on their bioactivity 

followed by random isolation of compounds from these fractions.  

Compound isolation from P. milleri NFL1 also involved several fractionation and 

compound purification steps. Three primary fractions (L1F3, L1F4, L1F5) were 

selected based on their antileishmanial activity, each fraction resulted in isolation of 

one compound. Pestalotin, its analogue and galiellalactone were the three known 
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compound isolated. They were identified based on 
1
H, 

13
C, DEPT-135, COSY, 

HMBC and HSQC NMR. Only galiellalactone showed anticancer and antileishmanial 

activity among all the isolated compounds. Although anticancer activity of 

galiellalactone has been known but the antileishmanial potential of this endophytic 

fungi has been explored for the first time in this study. M. hiemalis NFW6 extract 

afforded one compound triolein from primary fraction W6F4. Antileishmanial activity 

of two other primary fractions of M. hiemalis NFW6 was promising but due to limited 

quantity, compound isolation could not be carried out. In case of Paraconiothyrium 

sp. NFL6, random isolation of compounds was carried out based on complexity of 

their TLC profile, which resulted in isolation of a single anthraquinone; pachybasin. A 

total of five compounds were isolated from three endophytic fungi, only 

galiellalactone showed antileishmanial and anticancer activity among isolated 

compound. None of the isolated compound has been previously reported from these 

endophytic fungal strains. 

Finally, the compound galiellalactone with antileishmanial activity was docked with 

selected leishmanial target proteins i.e. leishmanolysin, trypanothione reductase and 

cysteine protease. Homology modelling of these proteins was carried out to generate 

3D protein models by web based servers. Galiellalactone showed relatively strong 

binding affinity with leishmanial cysteine protease in comparison to other tested 

proteins. Further studies to fully understand the mechanism needs to be carried out not 

only with these target proteins but with other leishmanial targets as well.  

6.2 Conclusions 

 Endophytic fungi isolated from Taxus fuana expressed varying degrees of 

biological activities and clear effect of cultivation medium in bioassays. OSMAC 

is an efficient approach to manipulate the culture conditions and hence effect the 

secondary metabolite production from these fungi.  

 P. milleri NFL1 was the most diverse strain, expressing a wide range of activities 

such as antibacterial, anticancer and particularly antileishmanial.  

 M. hiemalis NFW6 and E. nigrum NFW7 exhibited strong antioxidant activities, 

these strains can be a potential source of antioxidant compounds. 
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 A total of five compounds (L1F3F7, L1F4F4F4, L1F5F7F4, W6F4F4, L6F8F14) 

belonging to lactones, pyrones, triglyceride and anthraquinone classes of fungal 

bioactive metabolites are reported from three endophytic fungal strains. 

 Galiellalactone (L1F4F4F4) isolated and purified from P. milleri NFL1 showed 

antileishmanial and anticancer potential.  

 Activity of antileishmanial compound (L1F4F4F4) was also evaluated by in silico 

approach against Leishmania target proteins. Screening against target proteins 

helps in optimization of ligand. 

 Docking studies explained that galiellalactone (L1F4F4F4) as a ligand molecule 

showed moderate interaction with leishmanial target proteins. Such findings could 

be used for designing and optimization of a more specific inhibitor for these 

proteins in future. 

6.3 Future Recommendations 

 Endophytes are a prolific source of bioactive compounds and these endophytes 

isolated from Taxus fuana have shown a wide range of biological activities. These 

endophytes should be tested for their antiviral, immunosuppressant, anti-

trypanosomal and anti-tubercular potential. Similarly, the five isolated compounds 

should also be evaluated for other biological activities as well. 

 Optimization of the culture conditions for individual endophyte should be carried 

out to maximize the yield of desired compound. Statistical approach i.e. Plackett 

Burman design or Taguchi methods can also be used to optimize the process. 

 T. asperellum NFL2 showed promising antibacterial and anticancer activities. It 

should also be exploited for biocontrol potential. 

 Paraconiotyrium sp. NFL6 showed promising antibacterial and anticancer 

activity, more compounds should be isolated from this endophyte, as the 

anticancer compound Taxol has been previously reported from Parconiothyrium 

sp.  

 Fraction W6F6 and W6F7 from M. hiemalis NFW6 showed promising 

antileishmanial potential, but due to less quantity, active compound was not 

isolated. This fraction should be used to isolate antileishmanial compound.  
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 Structure of the antileishmanial compound (L1F4F4F4) produced by endophytic 

fungi can be modified and optimized to improve its binding affinity with 

leishmanial target proteins. Interaction of this compound with other leishmanial 

proteins can also be evaluated. In vitro studies of Leishmania target proteins and 

active compound can be carried out to validate the in silico results. 

 Integrated studies of genes essentiality, pathway analysis and protein-protein 

interaction can be carried out to prioritize drug targets in Leishmania. Screening 

against such new targets will help in discovery of compounds active against 

Leishmania. 

 Dereplication studies on the crude extracts of endophytic fungi can be carried out 

to evaluate the production of known and unknown bioactive secondary 

metabolites. Metabolomics tools can also be exploited to get an insight into the 

metabolic profile of the crude extracts. 

 Co-cultivation of different microorganisms has been found to stimulate secondary 

metabolite production. Therefore, co-culturing between fungi-versus-bacteria and 

fungi-versus-fungi should be investigated for the production of biologically active 

compounds.   
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