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ABSTRACT 

Fungal endophytes are microorganisms dwelling in coalition with their host plant without 

causing any harm. Infact endophytes protect their host plant from diseases and make the plant 

tolerant to undesired environmental conditions. Till date many vascular plants have been 

reported as the reservoir of endophytes. Endophytes produce many bioactive compounds having 

wide applications in pharmaceutical, agricultural and industrial areas. In the present study, 

endophytic fungus (IN2) isolated from Camellia sinensis leaves, procured from Palampur, is 

identified and characterized for the production of extracellular polymeric substances exhibiting 

antioxidant activity. The PDB broth inoculated with endophytic fungus for 14 days was 

concentrated using lyophilization and purified by membrane dialysis. The extract so obtained 

was used for the estimation of exopolysaccharide (EPS). The dry weight of mycelium is 42 mg. 

The 258 µg/ml glucose concentration was obtained from 300 µg/ml extract. The protein 

concentration was estimated to be 20 µg/ml. The free radical scavenging activity of the EPS 

extract was calculated by DPPH antioxidant assay. The maximum DPPH scavenged was 53.2% 

at 500 µg/ml concentration. This clearly depicts the antioxidant activity of extracellular 

polysaccharides produced by IN2 endophytic fungus. Also the antimicrobial activity of the 

extract was evaluated using 96 well plate antimicrobial assay and agar well diffusion method. 

The extract showed little activity (8%) against Bacillus megaterium at 500 µg/ml concentration 

but no antimicrobial activity was observed against Pseudomonas aeruginosa and Staphylococcus 

aureus even at 2000 µg/ml. This shows that the IN2 endophytic fungus produced very little 

antimicrobial components. Further the IN2 endophytic fungus was identified by both 

morphological analysis and by molecular biology techniques. The morphological studies 

identified IN2 as Debaryomyces. The genomic DNA was isolated and amplified by ITS1 and 

ITS4 primers. The amplified product was sequenced and its homologous sequences were 

retrieved by BLASTn analysis. The phylogenetic analysis revealed that the isolated endophytic 

fungus clustered with Debaryomyces hansenii. Present study results suggest that Debaryomyces 

hansenii produce high level of extracellular polysaccharides having antioxidant activity. 
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1. INTRODUCTION 

 

Plants are found to be a treasure of endophytes. Endophytic fungus dwell in coalition with their 

host plant mainly leaves, stems, roots (Bacon and White, 2000). Endophytes cause no harm to 

their host plant, infect they prevent them from diseases and make the plants capable to tolerate 

the undesired environmental conditions. The numbers of vascular plants that are explored till 

today are found to be a reservoir of endophytes (Zhang et al., 2006).  

The growth of host plant is not only influenced by climate and area in which it reside, it also 

show their impact on endophytes . The main roles of endophytes in host plant are increase in the 

resistance of their host plant against insects, worm, herbivores, pests and also improve their 

tolerance against heat, drought, heavy metal presence.  

Endophytes produce number of bioactive compounds that are found to be important and have 

lots of necessary applications in pharmaceutical, agricultural and industrial areas (Strobel and 

Daisy 2003; Qudri et al., 2013; Specian et al., 2013; Tan et al., 2001). Endophytic fungi are type 

of microorganism that has capability of producting maximum bioactice compounds when 

comparing to other endophytic microorganisms (Zhang et al., 2006). The different properties of 

endophytic fungus are, they produce antioxidant compounds, antiviral compounds, antimicrobial 

compounds, anticancer compounds (Strobel 2003; Gutierrez et al., 2012). 

Studies have shown that endophytes possess bioactive extracellular polymeric substances. Hence 

in the present study, extracellular polymeric substances (EPSs) were isolated from endophytic 

fungus isolated from Camellia sinensis plant. Isolated EPS were tested for carbohydrate and 

protein contents by phenol sulphuric method and lowry method, respectively. DPPH was carried 

out to assess the antioxidant activity. Further, antimicrobial activity of EPS was evaluated based 

on MTT assay. 
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1.1 Endophyte: 

To understand the word endophyte, it is split into two parts ‘endo’ and ‘phyte’, the meaning of 

‘endo’ is within and phyte is plant (Fig 1). Endophytes are isolated from different plants. These 

plants pertain from different families; different classes and lives in different geographical 

locations. The relationship between the endophytes and their host plant are considered as 

mutualism mean endophytes protect their host plants from biotic and abiotic stresses and it return 

they gain nutrients and shelter from their host plants. 

 

Fig.1 Endophytic fungi: A- Endophytic fungi in different locations of plants. B- Endophytic 

fungi on media plates (Firdaus et al., 2013). 

1.2 Types of Endophytes 

                    

 Fig.2 Different types of endophytes 

B A 
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Bacterial Endophyte 

Bacteria that dwell in plants and have mutualism association with plants are called as bacterial 

endophyte (Fig 2) 

Table 1. Some bacterial endophytes and their host plants 

Sr.No. Endophytes Host plant Reference 

1. Azorhizobium caulinodans Rice Engelhard et al., 2000 

2. Enterobacter sakazakii Maize Kuklinsky-Sobral et al., 2004 

 

Endophyte Azorhizobium caulinodans plays important role in their host plant. Many studies 

proof that this endophyte promotes the growth of host plant and also help in increasing seed 

production in rice. These functions of endophyte Azorhizobium caulinodans enables less use of 

chemical fertilizers in case of Enterobacter sakazakii, it also known for supporting the growth of 

maize (Table 1).  

Fungal Endophytes  

Fungi that dwell in plants and have mutualism association with plants are called as bacterial 

endophyte (Fig 2). 

 

Table2. Some fungal endophytes and their host plants                 

Sr. No. Endophyte Host plant Reference 

1. Pestalotiopsis versicolor 

Pestalotiopsis neglecta 

Taxus cuspidate Kumaran et al., 2009 

2. Alternaria tenuissima Ocimum Sanctum Bhagat et al., 2012 

 

Pestalotiopsis versicolor and Pestalotiopsis neglecta are taxol producing fungal endophytes. 

These fungal endophytes are resided in Taxus cuspidate plant (Table 2). 
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Actinomycetes Endophytes  

Actionmycetes that dwell in plants and have mutualism association with plants are called 

asactinomycetes endophyte. For example- Streptomyces actinomycetes are found in Wheat (Fig 

2) 

1.3 Endophyte-Host Interactions: 

Endophytes prevent their host plants from pests, worm, insects, hervobores. They are all 

considered harmful organisms for plants. Plants are prevented by endophytes by producing 

toxins that are harmful for these all grazing organisms that attack the plants for their feed 

example endophytic fungi produce alkaloids. These toxins control and suppress the growth of 

harmful organisms (Bacon and White, 1994). Endophytes also increase the expression of plant 

genes who are responsible for defense against pathogens. Increase in expression of these defense 

associated genes make the plant capable to resist against infectious agents. 

Plants get more nutrients when endophyte present in it. Increase uptake of nutrients mean good 

growth of plant following better resistance to diseses and pathogensand adaptation to harsh 

environmental conditions (Kageyama et al., 2008). More numbers of fungal endophytes also 

accountable for loss of water in leaves of host plant (Fig. 3). 

                    

 Fig.3 Endophyte/Plant relationship 
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A number of endophytes are known for nitrogen fixation, Phosphate solubilization, Siderophore 

Production. These properties have beneficial effect on growth of plants (Malinowski & Belesky 

2000). Plants for their certain benefits including growth, nutrient uptake, tolerance to biotic or 

abiotic stresses, tolerence to heavy metals make connection with particular endophyte (Bae et al., 

2005). 

1.4 Classification of fungal endophytes: 

Fungal endophytes are divided into two main groups: 

Clavicipitaceous endophytes: 

          

 Fig.4 Groups of fungal endophytes 

Class 1 endophytes 

Clavicipitaceous endophytes are related with grasses and are class 1 endophytes dwell their 

entire life expectancy within the aerial section of host grass. They cause no harm to host grass, in 

spite of it protect plants from pathogenic organisms and make them tolerable to biotic and abiotic 

stresses. Class 1 endophytes and plant have non pathogenic associations. Tall fescue growth 

increased when it infected with endophytes (Fig. 4).  

Nonclavicipitaceous Endophytes:  

Class 2 Endophytes 

Class 2 Endophytes the different locations of their host plants like stems, roots, leaves. They can 

transfer either vertically or horizontally through seeds, seeds coats. Class 2 endophytes infect 

mainly those plants that are grown in high stress environmental areas. 
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Class 3 and 4 endophytes 

The difference between class 3 endophytes and class 4 endophytes is that class 3 

endophytes reside in the shoot of plants while Class 4 endophytes reside in roots of plants and 

the difference is that both of them are transfer horizontally (Fig. 5).  

 

 Fig.5 Classes of fungal endophytes A. Class 1 and Class 2 endophytes reside in stems, 

leaves, roots. B. Class 3 endophytes reside in shoots. C. Class 4 endophytes reside in roots 

of their host plants (Bae et al., 2005). 

1.5 Gain of entry into host plants: 

The central site through which endophytes access entry into plants is root portion, where the 

maximum numbers of endophytic population reside as compared to other plant tissues. The use 

of microscopy is applied for the detection of, how endophytes gain entry in plants through this 

portion, so it is found that they gain entry through open sites on roots or through wounds. There 

are also many zones in the plant from whish endophytes can gain access such as the aerial 

portions of plants or by infection of seed (Fig. 6). The endophytes get access into fruits through 

flowers.  

B 

C

. 

A

. 
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Fig. 6 Entry of endophytes into plants A. Plant cell B. Intercellular mycelia C.Intracellular 

mycelia D. Inter- and Intracellular mycelia (Bae et al., 2005). 

 

In this study we have focused on the identification of endophytic fungi isolated from Camellia 

sinensis plant. Further isolation and characterization of exopolysaccarides (EPS) from 

endophytic fungus (IN2) was carried out and free radical scavenging activity of EPS was 

evaluated. 

                                         

 

 

 

 

 

 

 

 

 

 

 

C 

A

. 

D

. 

B. 
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2. REVIEW OF LITERATURE 

 

De bary introduced the term endophyte in 1866. He initially applied this term to any 

microorganism present within plant. Afterwards when the meaning of endophyte was cleared, it 

is declared that endophytes include any organism which lives inside the plant, mainly leaves, 

roots, branches and stems, without causing any definite damage to its host plant (Fig. 7).  

 

 Fig.7 Growth of endophytic fungus (IN2) on PDA media 

2.1 Classes of fungal endophytes 

Clavicipitaceous (Class 1 endophytes) reside in only some species of grasses. Non-

Clavicipitaceous (Class 2 endophytes) includes large number of fungal endophytes which are 

defense mutualists. They increase the strength of plants against botic or abiotic stresses and make 

them capable to easily tolerate the harsh environmental conditions.  

Clavicipitaceous grass endophytes are well known to decrease hervibory by producing toxic 

alkaloids against insects, herbivores. One of the example of class I fungal endophytes is 

Neotyphodium endophytes. The tolerance of cadmium is increased by Neotyphodium endophytes, 

when it infected with plant F. pratensis when compared to non infected plant. 



9 
 

 Neotyphodium sp. Endophytes produce loline alkaloids for the prevention of fescue grasses from 

herbivores. Endophytic fungus Neotyphodium lolii promote the growth of perennial ryegrass 

plant which indirectly make it tolerable to abiotic stresses. 

There is a variety of endophytic population in the different parts of the leaves like midrib, lamina 

and petiole, and these alterations are even seen in cell type. Different factors are responsible that 

affect the distribution and species diversity of fungal endophytes such as age of leaves and plant, 

position and dampness of the site and weather. 

 

Fig.8 Gain of entrance of endophytes in most of the tissues of roots like cortex, phloem, 

rhizoplane (Hardoim et al., 2008) 

2.2 Protection from Insects, Worm, Pests and Herbivores 

A lot of research has been focused for increasing the resistance of plants against herbivores 

through the roles of endophytes.  

First reported method relies on the total upgradation or reform the functions of plants by 

endophytes, following decrease herbivory (Gehring & Whitham 2002) or survive to any kind of 

damage. This method does not affect the productivity of plant. 

Second reported method is change in plant nutrients and resources by endophytes. When 

endophytes enters the plant system, so for their survivor, they get food from plants following 
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change in chemical composition of plants. When the chemical composition of plants changes, its 

direct impacts shown in herbivores. 

Third repored method is production of toxins by endophytes. The foliar endophytes that are 

found to be present in grasses produce toxic alkaloids for decresing herbivory (Clay 1990, Clay 

& Holah 1999; Brakhage et al., 2003). Mandyam & Jumpponen (2005) noticed that from the 

total numbers of endophytes present in plants, the maximum endophytes plays role in preventing 

the root potion from grazing animals. Endophytes produce melanin for this purpose as melanin 

does not allow microbial grazing. 

                           

Fig.9 Three reported methods for prevention of plants from Insects, Worm, Pests and 

Herbivores (Mandyam & Jumpponen 2005) 

2.3 Protection from Pathogens 

There are three mechanisms through which endophytes can improve resistance of their host plant 

against pathogens (Mandyam & Jumpponen 2005).  

The first mechanism is competition between endophyte and pathogen for the same nutrients and 

resources (Lockwood 1992). This is proved in the given example, F. oxysporum Fo47 endophyte 

inhibit pathogen F. oxysporum f. sp. radicis-lycopersici, and improve resistance of their host 
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plant against this pathogen. This causes the decrease in root rot symptoms of tomato (Bolwerk et 

al., 2005). Fo47 spores compete with the pathogen for the same C source, and then reducing 

nutrient availability to the pathogen.  

In the second mechanism endophytes can improve resistance of their host plant against 

pathogens by two ways. One of them is ability of endophytes to spurring the host to produce 

phytoalexins and biocidal compounds and other is the ability of the endophyte itself to produce 

fumigants and antimicrobial agents. Spilanthes calva is a medicinal plant. When this plant 

inoculated with endophyte Piriformospora indica, it produces a number of antifungal compounds 

(Rai et al., 2002).  

The third mechanism is inducing host defense responses to improve resistance of host plants 

against pathogens by localized endophytes.  

2.4 Role of endophytes in Hosts Tolerance to Stress  

The role of endophytes and the mechanisms through which endophytes make plants more fit for 

tolerating biotic or abiotic stresses are well known. They are considered defensive mutualists that 

stimulate host plants to withstand high temperatures, salts, drought (Malinowski & Belesky 

2000). A herbal plant,  Dichanthelium lanuginosum ,dwell in the areas where temperatures of the 

soil can reach 57 °C, the presence of the endophytes may improve the plant potency to tolerate 

high temperatures. Plants inoculated with endophytic fungus Curvularia sp., can survive high 

soil temperature and water stress better than endophyte-free plants (Redman et al., 2002).  

2.5 Biotechnological applications of endophytes 

Endophytes are also known for the production of enzymes. In vitro it is proved that endophytes 

for their survival and for their growth utilize many plant nutrients and cell components. 

Endophytes grown on xylan and pectin agar medium produce chitinase, glucanase (Sieber et al., 

1991. Fungal endophytes produce xylanase and extracellular cellulase enzymes hemicellulases, 

pectinases, amylases.In biodegradation as well as hydrolysis processes, these fungal enzymes 

have important role against pathogenic infection and to get food from host plants. 
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2.6 Properties of endophytic fungus 

2.6.1 Anti Cancer Agents from Endophytes  

Cancer is a disease whisch is the result of uncontrolled divisions of abnormal cells. There are 

numbers of bioactive compounds are found from endophytes that have anticancer property 

(Firáková et al., 2007, Guo et al., 2008, Debbab et al,. 2011; Duarte et al., 2012).  

Chandra (2012) noticed certain endophytic fungi as a treasure of anticancer compounds. 

More and more research has been done for the discovery of anticancer agents after the discovery 

of taxol producing endophyte. Cytotoxic quinone dimer, torreyanic acid are examples of the 

anticancer agents that are isolated from the endophytic fungi Pestalotiopsis microspora which 

have mutulism relationship and associated with tree Torreya taxifolia. These anticancer agents 

are found to be express robust cytotoxicity in cell lines which are critical to protein kinase C, 

following programmed cell death (Lee et al., 1996). 

Recently an enzyme was found which is responsible for starting the first step of taxol synthesis. 

This enzyme is encoded by the Taxus taxadiene synthase (ts) gene which is isolated from 

endophytic fungi Stemphylium sedicola SBU-16. This is txol producing endophytic fungi 

isolated from Taxus baccata. (Mirjalili et al., 2012).  

Wagenaar et al., (2000) noticed cytochalasins alkaloid; having antitumor activity these antitumor 

compounds are isolated from the endophytic genus Rhinocladiella.  

There are many studies has been done for the discovery of new anticancer alkaloids. 

camptothecin and its derivatives has antineoplastic activity for the treatment of cancers. In china 

for prevention of skin diseases camptothecin is used as a drug (Guo et al., 2008).  

Endophytic fungus Fusarium solani which is also produce compounds that have anticancer 

activity. These bioactive anticancer agents are camptothecin and two analogues (9-

methoxycamptothecin and 10-hydroxycampto-thecin). This endophytic fungus are isolated from 

Camptotheca acuminate (Kusari et al., 2009b. Pandey et al., 2014). 
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In many studies other camptothecin are also discovered with antineoplastic activity, isolated 

from endophytes (Amna et al., 2006). 

Cytoskyrins express antibacterial activity, and also proved to be a potent anticancer compound. 

This cytoskyrins agent was produced by endophytic fungus Curvularia lunata isolated from 

Niphates olemda (Brady et al., 2000).  

        

Fig.10 Structure of some anticancer agents isolated from endophytic fungi A. cytoskyrins 

B. Torreyanic acid C. Taxol D. camptothecin 

 

 

 

 

D 

B A 

C 

http://www.google.co.in/url?sa=t&rct=j&q=torreyanic%20acid&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwimueyJheHNAhVBmpQKHRvcB4MQFggbMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTorreyanic_acid&usg=AFQjCNFiLLYSAleqaPS0qyXwCosB8ClWyw
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2.6.2 Antimicrobial Agents from Endophytes   

There are numbers of endophytes isolated from plants that express antimicrobial property. These 

antimicrobial agents are low molecular weight organic compounds. They are helpful for 

inhibiting the growth of microbial pathogens or prevent plants from their attack (Kumar et al., 

2014). From prevention to harmful microorganisms they are used in very minute concentrations 

(Demain 1981, Strobel & Daisy 2003, Guo et al., 2008; Yu et al., 2010).  

There are different uses of antimicrobial compounds by human beings. They can be used as 

drugs. They have main role as food preservative in the control of food spoilage and also in 

control of food borne diseases, which is the serious matter in the world food chain. 

Schulz et al., (2002) reported a compound having antifungal activity. This compound is known 

as fusidikactones  isolated from endophytic Fusidium species. 

 In vitro and in vivo griseofulvin isolated from endophyte is reported with antifungal activity 

against plant pathogenic fungi. It is effective for delay the development of various food crops 

diseases (Park et al., 2005). 

 

Fig.11 Structure of Some Antimicrobial Metabolites from Endophytes A. Griseofulvin B. 

fusidikacetones 

 

 

B A 
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Table 3 Endophytic microorganisms isolated from medicinal plant Tylophora indica have 

antimicrobial activity against Sclerotinia sclerotiorum and Fusarium oxysporum 

Endophytic microorganisms 

with Antimicrobial activity 

Host plant Pathogen 

Dothideomycetes sp Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

Alternaria tenuissima Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

Thielavia subthermophila Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

Alternaria sp. Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

Nigrospora oryzae Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

Colletotrichum truncatum Tylophora indica Sclerotinia sclerotiorum 

Fusarium oxysporum 

2.6.3 Antioxidant Agents from Endophytes  

The value of those compounds having antioxidant activity relies in the fact that, they are totally 

useful against spoilage caused by reactive oxygen species (ROSs) and oxygen-derived free 

radicals. like DNA damages, carcinogenesis (Huang et al., 2007; Valko et al., 2007). 

These antioxidant activity compounds are used for the prevention and treatment of reactive 

oxygen species related diseases. These diseases include cancer, hypertension, diabetes (Valko et 

al., 2007).  
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Table 4 Endophytic fungus produces bioactive compound graphislactone A with 

antioxidant activity 

Host plants Endophyic fungi Bioactive 

compound 

Activity Reference 

Trachelospermum 

jasminoides 

Cephalosporium 

sp. IFB-E001 

graphislactone A Antioxidant 

scavenging 

activity 

(Hormazabal et al., 

2005, Song et al., 

2005). 

 

Pilgerodendron 

uviferum 

Microsphaeropsis 

olivacea 

graphislactone A Antioxidant 

scavenging 

activity 

(Hormazabal et al., 

2005, Song et al., 

2005). 

 

                                            

Fig. 12 Structure of graphislactone A with antioxidant activity 

2.6.4 Antiviral Activities of Endophytic Fungi  

Viruses are infectious agents that cause diseases in plants and animals. Endophytes increase the 

resistance of plants against viral infections. Antiviral compounds are also produced by the 

endophytic fungi. Human cytomegalovirus is a pathogen. It has enveloped virus and  has double 

stranded DNA. From the solid state fermentation of endophytic fungus Cytonaema sp., human 

cytomegalovirus (hCMV) protease inhibitors cytonic acids A and B have been isolated (Guo et 

al., 2000). 
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Human immunodeficiency virus type 1 (HIV-1) protease is inhibited by the bioactive compound 

hinnuliquinone. This compound is produced by the endophyte which is isolated from the leaves 

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

2.6.5 Other Biological Activities of Endophytic Fungi 

Endophytic fungi are also involved in the production of different other bioactive agents like anti-

inflammatory, anti-diabetic, anti-malarial and immunesup-pressant agents, as well as insecticidal 

and anti-nematodes agents (Pimentel et al., 2011. Endophyte Fusarium subglutinans can produce 

compounds Subglutinol A and B. It is responsible for influencing the immune system of animals. 

Some compounds are produced by the endophyte Pestalotiopsis leucothes. This endophyte is 

isolated from Trypterygium wilfordii.these compounds are used for the treatment of human 

immunerelated diseases (Kumar et al., 2005). Some antitumor agents are found which are 

involved intuor cell apoptosis these antitumor agents include Gliocladicillins A and B (Chen et 

al., 2009) 
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3. OBJECTIVES OF STUDY 

• Isolation and characterization of extracellular polymeric substances (EPSs) from 

endophytic fungi isolated from Camellia sinensis plant 

• Estimation of antioxidant and antimicrobial  activity of EPS  

• Identification of endophytic fungus producing bioactive EPS 
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4. MATERIALS AND METHODS 

 

4.1 Materials  

4.1.1 Biological Materials 

Endophytic fungus was (IN2) isolated from Camellia sinensis leaves procured from palampur. 

The IN2 culture was maintained on potato dextrose agar (PDA) (Appendix) plates at 25ºC in 

dark conditions. 

4.2 Methods 

4.2.1 Isolation of Endophytic Fungus 

Camellia sinensis leaves procured from palampur were used to isolate endophytic fungus. 

Leaves were cut into pieces of 5x5mm and were surface sterilized using 70% v/v ethanol and 

then dipped in 0.5% v/v sodium hypochlorite solution for 1 minute the leaves were washed with 

sterilized water and blotted with sterilized filter paper. Pieces of leaves were placed on PDA 

plates and incubated at 28
0
C for 10 to 15 days. The hyphae emerging out from the leaves were 

excised and transferred to the fresh PDA plate. Ten fungal isolates (IN1 to IN10) were obtained 

from the Camellia sinensis leaves, amongst which IN2 was selected for the present study based 

on preliminary study.  

4.2.2 Extraction of Exopolysaccharides (Mahapatra et al., 2013) 

500 ml of PDB was inoculated with six to eight 7mm IN2 discs and incubated at 25
0
C for 14 

days. After 14 days, the broth was filtered by using sterilized muslin cloth and centrifuged at 

10,000×g for separation of remained fungal biomass. The biomass was then dried and its dry 

weight was recorded. The broth was further concentrated by lyophilizing at -55
0
C. In the 

concentrated broth, absolute ethanol was added and mixed for precipitation (5:1, v/v). The 

extract was kept at 4
0
C for 24 hr. The precipitates formed were recovered by centrifuged at 

10,000 × g for 10 min. Further purification was done using dialysis membrane against distilled 

water for 24 hours. 
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4.2.3 Purification by dialysis 

Dialysis membrane was tied from only one side with thread, and the extract was transferred 

carefully in dialysis tubing from the other side of membrane. The membrane was tied from other 

side. The dialysis membrane was then placed in a beaker with double distilled water and stirred 

constantly using magnetic stirrer. After every two hours the double distilled water was changed 

till twenty four hours (Fig. 13). 

 

 Fig.13 Schematic diagram showing dialysis of EPS sample. 

4.2.4 EPS estimation by Phenol / sulfuric acid method 

Phenol sulfuric method is mainly used for the estimation of carbohydrate concentration.  2 ml of 

extract was taken in a test tube; subsequently 1 ml of 5% aqueous solution of crystal phenol was 

added and then mixed properly. In the next step 5 ml of concentrated sulfuric acid was added and 

incubated at room temperature for 10 min, the tubes were then vortexed for 30 seconds. Tubes 

were then placed in water bath at room temperature for 20 min, for the development of color. 

Concentration of EPS was recorded at 490 nm on a spectrophotometer. 

4.2.5 Protein estimation by Bradford method 

Bradford method of protein estimation was used for measuring the protein concentration. 5 serial 

dilutions of BSA were prepared for standard curve. 3 ml of Bradford reagent was added to 8 test 

tubes followed by addition of 100 μL of each BSA dilution and the extracted sample. Two tubes 
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were kept as blank. The test tubes were vortexed properly and incubated at room temperature for 

15 minutes for color development. Protein concentration was measured at 595 nm.  

 

4.2.6 Estimation of antimicrobial activity  

4.2.6.1 Antibacterial assay (NCCLS, 2004) 

The antibacterial activity of sample IN2 was tested on the following bacterial strains by Agar 

well diffusion method (ref).  

Material Required: Muller Hinton Agar plate, test antibiotic solutions, culture, autoclave, 

incubator, pipettes, micropipettes, laminar air flow. 

Test antibiotic: Streptomycin and Ampicillin 

Test culture: Escherichia coli, Bacillus megaterium, Staphylococcus aureus and Pseudomonas 

aeruginosa 

1. Preparation of culture:  Fresh culture of test organism was prepared in MHB (Muller 

Hinton Broth) and optical density was set according to the Mc Farland Standard. 

2. Preparation of Medium: Muller Hinton Agar Medium was prepared in distilled water. 

The dissolved medium was autoclaved at 15 lbs pressure at 121°C for 15 minutes. The 

autoclaved medium was mixed well and poured into 100mm petriplates (25-30ml/plate). 

After solidification 100µL of the test organism was spread on to the plates. It was dried. 

3. Preparation of sample: Stock solution (5mg/mL) of test antibiotic and sample (IN2) was 

made. From the stock solutions, dilution of test antibiotic was made 50µg/mL, sample 

was made 1000 µg/mL and 2000 µg/mL. 

4. Took the above prepared solidified agar plates. Wells were created by removing circular 

plugs of agar.  With the help of pipette 0.1ml of test antibiotic as well as samples were 

added into the wells. It was left for 1 hr at room temperature. 

5. Petriplates were incubated at 37
◦
C for 24 hrs. After the incubation period zone of 

inhibition was recorded. 
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4.2.6.2 96 well plate Antimicrobial Assay (NCCLS, 2004) 

Test antibiotic: Ampicillin 

Test culture: Bacillus megaterium, Staphylococcus aureus and Pseudomonas aeruginosa 

Preparation of bacterial culture 

Using aseptic techniques a single colony was transferred into a 100mL bottle of broth capped 

and placed in incubator overnight at 37 °C. After 12–18 h of incubation, optical density of the 

bacterial culture was recorded at 600 nm, and serial dilutions were carried out with appropriate 

aseptic techniques until the optical density was set according to the Mc Farland standard. 

 Preparation of antibiotic solution 

The antibiotic solution was prepared by dissolving a 1mg powder in 1mL of sterile distilled 

water. A vortex mixer was used to ensure that it was a well-dissolved and homogenous solution. 

 

Preparation of the plates 

A sterile 96 well plate was labeled. To the wells MHB was added as media. To the wells media, 

bacterial cells and sample (IN2) was added. As a positive control, media was added to the wells 

along with bacterial cells and test antibiotic. As a cell control only media and cells were added to 

the wells. Initial reading was taken at 600nm on microtiter plate reader. The plates were placed 

in an incubator set at 37 °C for 24 h.  After 24h MTT assay was performed. MTT was added in 

each well. It was incubated at 37 °C for 4 h. After 4 h DMSO was added and absorbance was 

recorded at 540nm. 

 

4.2.7 Estimation of antioxidant activity by DPPH method 

DPPH assay was done to know the antioxidant activity of EPS extract. DPPH is a stable free 

radical. The reaction of antioxidant with DPPH results in its reduction. As a result the purple 

colour of DPPH reduced to yellow colour and this is called discoloration (Fig.14).  
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Fig. 14 Reduction of DPPH in the presence of antioxidants. 

 

50 μL of each serial dilutions of endophytic fungus extract was mixed with150 μL of DPPH (100 

μΜ)  and added in 96 well micro-titre plate. Ascorbic acid (100 μg/ml) was added as positive 

control and water as negative control. The plate was wrapped in aluminium foil and kept for 45 

minutes in dark. The change in color (from deep violet to light yellow) was measured at 517 nm 

using microplate reader. 

4.2.8 Identification of Endophytic fungus 

The endophytic fungus (IN2) isolated from Camellia sinensis leafs was identified based on 

morphologiocal studies and molecular studies. 

4.2.8.1 Morphological based identification 

The microscopic examination of fungus (IN2) was done using lactophenol cotton blue solution. 

Initially, microscope slides were cleaned using 70% alcohol. Two to three drops of lactophenol 

cotton blue stain were added on slide using dropper. Mycelial fragements were pricked using 

inoculating loop/ needle.  Inoculating loop was heated and cooled before pricked the spores. A 

sterile glass cover was placed on the slide. The slide was examined under microscope. 
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4.2.8.2 Molecular based identification of endophytic fungus 

IN2 fungus was grown on PDA plates overlaid with cellophane sheets (treated with EDTA) for 5 

days. After 5 days, the mycelium was scrapped from the cellophane sheets and crushed with 

liquid nitrogen. The crushed samples were stored at -80°C for further isolation of genomic DNA. 

4.2.9 Genomic DNA Isolation 

100 mg of liquid nitrogen crushed mycelium was taken in 1.5 ml centrifuge tube.  0.5 ml 

extraction buffer (Appendix) was added and mixed well. The tube was then kept at 65°C for 15 

to 20 minutes. Then 0.5 ml of equilibrated phenol was added and mixed well. The tubes were 

then incubated at room temperature for 15 minutes. 0.5 ml chloroform:isoamyl alcohol (24:1) 

was added and mixed by inversion. It is then incubated at room temperature for 15 minutes and 

centrifuged at 12000 g for 20 minutes. The upper aqueous layer was collected in new tube. To 

the aqueous layer 400 μl of chloroform:isoamyl alcohol (24 : 1) was added and mixed by 

inverting gently. It is then centrifuged at 12000 g for 10 minutes.  Supernatant was collected in 

new tube. 0.54 volumes of isopropanol was added and incubated at room temperature for 15 

minutes. The samples were then centrifuged at 12000g for 10 minutes. The pellet was washed 

with 100 μl of 70% cold ethanol.  Pellets was resuspended in 300 μl of 0.2 M ammonium acetate 

and incubated overnight at 4°C. The DNA was further precipitated by adding 600 μl ethanol and 

centrifuged at 10000g for 15 minutes at 4°C. Supernatant was discarded and pellet was washed 

with 300 μl of 70% ethanol. Finally, the pellet was dissolved in 50 μl autoclaved MQ water. 

4.2.10 Agarose gel electrophoresis for DNA 

For 1% agarose gel 0.4 gm agarose was mixed in 40 ml 0.5xTBE buffer (Appendix). Agarose is 

insoluble at room temperature so the agarose solution was heated in microwave oven until it 

dissolved completely and become clear. The solution was cooled down and 2 μL of ethidium 

bromide (Appendix)  was added and mixed properly. The comb was placed above the casting 

tray in a gel caster and agarose gel was poured. The gel was allowed to solidify for about 30 to 

40 minutes at room temperature. The comb was carefully removed so that the wells are not 

damaged, and the intact wells are formed for the prevention of any type of leakage. The gel was 

then placed carefully on to the electrophoresis chamber. The electrophoresis buffer was added to 

cover the gel. Ensure that each well is filled with electrophorsis buffer. The dna sample was 



25 
 

mixed with 6x loading dye (Appendix)  and loaded into the wells. The gel was run at 70V for 1 

hour 40 minutes. The bands were observed in a UV-Transilluminator. 

4.2.11 DNA Amplification through PCR 

The genomic DNA was further amplified for ‘Internal transcribed spacer’ by using ITS1 and 

ITS4 primers: 

ITS1: TCCGTAGGTGAACCTGCGG 

ITS4: TCCTCCGCTTATTGATATGC 

The genomic DNA was diluted in 1:20. 1 μl of diluted sample was used as a template in PCR 

reaction consisting of following reaction mixture (Table 5). 

 

Table 5. Reaction mixture for PCR 

Components (μL) Amount (μL) 

DNA 1Μl 

Distilled water 13.2Μl 

PCR buffer 2Μl 

DNTPs 1.5 μL 

Forward primer 1μL 

reverse primer 1μL 

Taq polymerase 0.3μL 

Total (μL) 20μL 

 

The PCR was run in thermocycler with following PCR program: 

Initialization: at 94° C for 5 min, Denaturation: at 94° C for 1 min, Annealing: at 54° C for 1 

min, Extension: at 72° C for 1 min, Final extension: at 72° C for 10 min. The PCR was run for 

35 cycles. The amplified product was run on 1% agarose gel electrophoresis and visualized in gel 

documentation system.   
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4.2.12 Purification of gene amplified product: 

The amplified gene was purified using Thermo Scientific GeneJET PCR purification kit. 100 μL 

of binding buffer was added to 100 μL of amplified product. It was mixed thoroughly. 200 μL of 

the solution was added to GeneJET purification column. It was centrifuged for 30-60 s and flow- 

through was discarded. 700 μL of wash buffer was added to the GeneJET purification column. 

Centrifuged for 30-60 s, flow-through was discarded and the purification column was placed 

back into the collection tube. The empty GeneJET purification column was centrifuged for an 

additional 1 min to completely remove any residual wash buffer. The GeneJET purification 

column was transferred to a clean 1.5 ml microcentrifuge tube and 50 µl of MQ water was added 

to the center of the GeneJET purification column membrane and centrifuged for 1 min. The 

purified DNA was quantified using nanodrop and was sent for sequencing. 

 

4.2.13 Bioinformatic analysis for identification of isolated gene 

The DNA sequence obtained after sequencing was used to identify the IN2 strain. The sequence 

was submitted as query in BLASTn (http://blast.ncbi.nlm.nih.gov/) analysis. The homologous 

sequences so obtained were aligned using multiple alignment tool MultAlin 

(http://multalin.toulouse.inra.fr/multalin/). The evolutionary relationship of the predicted 

sequence was studied using phylogenetic tree construction by MEGA.7 software. 

 

 

 

 

 

 

 

http://multalin.toulouse.inra.fr/multalin/
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5.  RESULTS AND DISCUSSION 

5.1 EPS estimation 

Phenol sulfuric acid method is the mostly applied colorimetric method for analysis of 

carbohydrate concentration. Standard curve was generated by taking glucose as standard in  

Table 6 (Fig 15). 300μg/ml sample of EPS were used and the carbohydrate contents was 

calculated using standard curve. The carbohydrate content in EPSs is given in Table 7.    

Table 6 O.D of extract and different concentrations of glucose as standard  

Standard Concentration (μg/ml) O.D.at 490nm 

100 0.344 

200 0.640 

300 1.044 

400 1.356 

450 1.532 

 

 

Table 7 Glucose concentration of extract 

 

Sample concentration 

(μg/ml) 

O.Dat490nm Glucose concentration 

(μg/ml) 

Glucose con per 

mg (μg/ml) 

300 0.7 258 860 
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 Fig15. Standard curve of glucose 

5.2 Protein estimation 

The Bradford protein assay is used to measure the concentration of protein in a solution. Marion 

M. Bradford developed the Bradford protein assay. This method is subjective and relies on the 

amino acid composition of the measured protein. The principle of this assay is that under acidic 

conditions when protein molecules bind to the Bradford reagent, the change in colour occurs, the 

colour change from brown to blue. 

Standard curve was generated to calculate the protein content by taking BSA as standard Table 8 

(Fig 15). 5 mg/ml sample of EPS were used and the proteins contents was calculated using 

standard curve. The proteins content in EPSs is given in Table 9. 

Table 8 O. D of different concentrations of BSA as standard 

Standard Concentrations (μg/ml) O.D.at 595nm 

125  0.166 

250  0.332 

500  0.685 

1000  1.285 

2000 2.45 
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Table 9 Protein Content of extract  

Concentrations O.D.at 595nm Protein content 

5mg/ml 0.049 20μg/ml 
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 Fig 16 Standard curve of BSA 

5.3 Antioxidant and free radical scavenging activity by DPPH assay 

DPPH (2,2-diphenyl-1-picrylhydrazyl ) assay was performed to know the antioxidant activity of 

EPS isolated from endophytic fungus. EPSs (50 μL) with different concentrations (1000μg/ml, 

500μg/ml, 250μg/ml, 125μg/ml) was mixed with150 μL of DPPH (100 μΜ) added in wells of a 

96 micro-titre plate. Ascorbic acid (100 μg/ml) was added as positive control. The change in 

color (from deep violet to light yellow) was measured at 517 nm using microplate reader. Free 

radical scavenging activity was found to be increased with concentration. 
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     Table 10 Antioxidant activity by DPPH method 

Concentrations 

(μg/ml) 

Experiment 1 Experiment 2 Mean 

125 11.500 
 

1.340 6.4 

250 17.000 
 

26.800 21.9 

500 43.300 

 
 

63.000 53.2 

1000 56.400 

 
 

47.000 51.7 

100 μΜ Ascorbic acid 

(Positive control) 

56.200 

 
 

78.520 67.4 
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Fig17 Free radical scavenging activity of exopolymeric substance 

5.4 Antimicrobial Assay 

The Antimicrobial activity was determined using MH broth (HiMedia) and using a color 

indicator, (MTT), 3-(4, 5- dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium bromide which was 

reduced to formazan (purple color) by living cells. Antimicrobial activity does not exhibit 

reduction of MTT into formazan. In the screening of antimicrobial compounds, the microplate 

method provides a potentially useful technique for determining antimicrobial activity of large 
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numbers of test samples, requiring small amounts of substances; this can be particularly 

important if the antimicrobial is scarce as is the case for many natural products. This method can 

also be used for a wide variety of microorganisms, is not expensive and presents reproducible 

results. The antimicrobial activity of the EPS extract was studied against various bacterial strains 

like Pseudomonas aeruginosa, Staphylococcus aureus and Bacillus megaterium, using 

ampicillin as positive control.  Only 8% antibacterial activity was recorded against Bacillus 

megaterium, whereas no antibacterial activity was recorded against Pseudomonas aeruginosa 

and Staphylococcus aureus (Fig. 18). Similar test performed on agar plate showed no significant 

antibacterial properties (Fig. 19). 
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Fig.18 Antimicrobial activity of 500 µg/mL IN2 extract against different bacterial strains.  
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Agar diffusion method 
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Fig. 19 Agar plate method of antimicrobial assay-at the concentration of 1000μg/mL 

2000μg/mLor IN2 showed no inhibition against A and A’-Bacillus megaterium, B and B’-

Escherechia coli, C and C’-Staphylococcus aureus, D and D’-Pseudomonas Aeruginosa. 
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5.5 Microscopic examination of fungus using lactophenol cotton blue solution 

For microscopic examination of fungus, Lactophenol Cotton Blue Stain is used. Lactophenol 

Cotton Blue Stain is a staining agent which mainly contains three components phenol, lactic 

acid, cotton blue. 

 

Fig.20 Microscopic image of IN2 endophytic fungus showing spore formation. 

The morphological studies show ascospore formation in the IN2 cultures. The usual pattern of 

spores is one per ascus. The spores are spherical with warty walls. The spores were dense with 

dark brown colour, which could also be observed on the culture plate (Fig. 20). The 

morphological studies clearly depicts the significant resemblance of IN2 culture with that of 

Debaryomyces hansenii or fabryi . Further confirmation to the identitiy of IN2 with 

Debaryomyces was confirmed by molecular analysis. 

5.6 Isolation of genomic DNA 

The genomic DNA was isolated from the crushed mycelium as described in section 4.2.9. The 

isolated DNA was run on agarose gel electrophoresis and visualized by gel documentation 

syatem (Fig. 21). The genomic DNA was quantified using nanodrop. 
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Fig.21 Gel picture of genomic DNA isolated from IN2 endophytic fungus. 

5.6 Gene amplification from genomic DNA 

 The genomic DNA amplified using ITS1 and ITS4 primers was run on 1% agarose gel. The 

amplified product obtained was approximately 600bp (Fig. 22).  

1000 bp

750 bp

500bp

250 bp

~600 bp

 

Fig.22 Gene amplification of IN2 genomic DNA using ITS1 and ITS4 primers, showing 

~600bp band 
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5.6 Bioinformatic analysis for identification of IN2 

The ITS amplified sequence obtained was run through BLASTn (Fig. 23) and the homologous 

sequences of different strains were recorded in FASTA format. 

>IN2 

GCCCATACCCCGATTATTTTTCCGTAGGTGAACTTGCGGAAGGAAGGTTCCGAAGGGAACCCGGGGGC

TTTTCAATAACCGGAGAAAGGTTCCGAAGGGAAACCGCCGGCAAATCAAAAAACGGAGAAAGGTTCC

CAAGGGGAACCTCTTATTTAATTGTAAATTTGGGGATTATCTTCAAAAAATCTTCCTGCTTTCAACAAC

GGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGATTT

TCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCACAGGGCATGCCTGTTTGAGC

GTCATTTCTCTCTCAAACCTTCGGGTTTGGTATTGAGTGATACTCTTACTCCAACTAGGCGTTTGCTTGA

AATGTATTGGCATGAGTGGTACTGGATAGTGCTATATGACTTTCAATGTATTAGGTTTATCCAACTCGT

TGAATAGTTTAATGGTATATTTCTCGGTATTCTAGGCTCGGCCTTACAATATAACAAACAAGTTTGACC

TCAAATCAGGTAGGATTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAATAT 

 

Fig. 23Blastn analysis showing homologous sequences. 
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Different sequences obtained in FASTA format were aligned using multiple alignment tool- 

MultAlin (Fig. 24) and the slignment was analyzed. 

 

Fig.24 Multiple sequence alignment of homologous sequences retrieved through BLASTn 

analysis. 

The multiple sequence alignment show conserved regions of ribosomal RNA with various 

endophytic ascomyctes. Further the evolutionary relationship between different homologous 

sequences was found by Maximum parsimony phylogenetic tree constructed by MEGA7 

software with 500 bootstraps (Fig. 25). 
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 Fig.25 Maximum parsimony tree showing evolutionary relationship of IN2 with different 

fungal species. 

The evolutionary studies using maximum parsimony phylogenetic tree clearly depicts the 

evolutionary relationship of IN2 with Debaryomyces hansenii. Hence the unknown endophytic 

fungal (IN2) Isolate is identified as Debaryomyces hanseni. 
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6. SUMMARY 

Fungal endophytes are microorganisms that dwell inside the living plant tissues without causing 

any harm.  They are defensive mutualists that protect plant from biotic or abiotic stresses. 

Endophytes acquire nutrients from host plant and in return protect the plant from infections or 

diseases. A number of compounds are produced by fungal endophytes that are not only important 

for plant but also have economical advantage to human life. These compounds are found to be 

important in pharmaceutical and agricultural industries. In the present investigation Camellia 

sinensis leaves procured from palampur were used to isolate endophytic fungi. Ten fungal 

isolates (IN1 to IN10) were obtained from the Camellia sinensis leaves, among which IN2 was 

selected in the present study. The isolated fungus was cultured in 500 ml PDB medium and 

incubated at 28°C for 14 days. After 14 days, the PDB broth was filtered and the biomass 

procured was dried and weighed. Total mycelium dry weight was 42 mg. The PBD broth was 

used further for the estimation of extracellular polymeric substances having bioactive properties. 

Firstly, the 500 ml PDB broth was first concentrated to 30 ml lypholized and purified by using 

dialysis membrane. Then the exopolysaccharides were extracted from extract (30mg/ml stock) 

by using phenol sulphuric acid method. The results showed that 300 µg/ml contain 258 µg/ml 

glucose concentration. Similariliy the protein concentration in extract was estimated by Bradford 

method. The results showed that 20µg/ml protein content in 5 mg/ml extract. Further the 

antioxidant activity was performed by DPPH assay. 53.2% scavenging activity was observed  in 

500µg/ml extract. This showed that IN2 produce significant amount of antioxidants. Also the 

antimicrobial assay was performed against various microorganisms. Amongst which 500µg/mL 

of extract showed 8 % inhibition against Bacillus megaterium.  Not much antimicrobial activity 

was observed in IN2 extracellular extract. Further the IN2 endophytic fungus was identified on 

the basis of both morphology and genetic makeup. In the morphological studies of the fungus, 

ascospore formation in the IN2 cultures was studied.  The usual pattern of spores is one per 

ascus. The spores are spherical with warty walls. The spores were dense with dark brown colour, 

which could also be observed on the culture plate. The morphological studies clearly depicts the 

significant resemblance of IN2 culture with that of Debaryomyces hansenii or fabryi . Further 

confirmation to the identitiy of IN2 with Debaryomyces was confirmed by molecular analysis, 

where the genomic DNA of IN2 was isolated and amplified using ITS1 and ITS4 primers. The 
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~600 bp sequence so obtained was purified and sequenced. The sequence so obtained was 

searched for homologous sequences in the NCBI database using  BLASTn tool. The homologous 

sequences so obtained were aligned using multiple sequence alignment tool- MultAlin. This 

showed that IN2 was best aligned with Debaryomyces hansenii. Further the Maximum 

Parsimony phylogenetic tree constructed through MEGA7 software showed that IN2 share 

maximum evolutionary relationship with Debaryomyces hansenii or fabryi. Hence we can 

conclude that the unknown fungus IN2 isolated from Camellia sinensis leaves is identified as 

Debaryomyces hansenii, having high antioxidant activity. 
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7. CONCLUSION 

In the present study , endophytic fungus (IN2)  isolated from Camellia sinensis leaves was 

identified as Debaryomyces hansenii . The exopolymeric substances isolated from this 

endophytic fungus showed high EPS content. The fungus also showed high antioxidant activity 

against free radicals and little antimicrobial activity against Bacillus megaterium and  no activity 

against  Pseudomonas aeruginosa, Staphylococcus aureus.,Hence it can be concluded that this 

endophytic fungus (Debaryomyces hansenii) is a good reservoir of bioactive compounds having 

wide applications in pharmaceutical, agricultural and industrial areas. 
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APPENDIX 

 

Genomic DNA extraction buffer Sodium acetate 100Mm 

Na2EDTA 50mM 

NaCl 500mM 

SDS 1% 

10x TBE Buffer Tris-HCL 0.09 M (pH 8) 

Boric acid 0.9 M 

EDTA 0.02 M (pH 8) 

DNA loading dye (6 X) 

 

Bromophenol blue 0.25 % 

Xylene cyanol 0.25 % 

Glycerol 30% 

Ethidium bromide 

 

Ethidium bromide 30 mL 

Distilled water 30 mL 

Potato dextrose media Potatos, infusion form 200 g/l 

Dextrose 20 g/l 

pH at 25°C = 5.1±0.2 

 

 

 


