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Abstract 

Endophytes are microorganisms, primarily fungus and bacteria, that colonize the intracellular and intercellular spaces 
of healthy plant tissues at specific times. These germs are asymptomatic and unobtrusive. It is thought that fungal 
endophytes are a wealth of physiologically and structurally active substances. The presence of endophytes in the host 
plant and the kinds of secondary metabolites that endophytes produce can occasionally provide plants their therapeutic 
qualities. The goal of the current work was to extract and identify endophytic fungus from the leaves of Tinospora 
cordifolia, or the common medicinal herb Giloy, using a culture-dependent method. Three endophytic fungal isolates 
were collected for this investigation. Following a single spore isolation procedure in which a distinct culture of each 
individual colony was prepared and phyto-genetically analyzed by molecular studies, all isolates were predominantly 
identified by morphological traits. The agar was turned red, grey, or pink by the endophytic fungi, which were velvety 
reddish white or grey, cottony and hairy growth with spores brushing the lid. Endophytic fungal isolates' growth 
features in potato dextrose broth included mycelia development at the broth's surface and broth coloration on the agar. 
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1. Introduction

Antimicrobial resistance develops as a result of the careless and improper usage of antibiotics. As a result, the 
medications lose their effectiveness and infections continue to exist in the body, raising the possibility that resistance 
will spread to other people (Ruiz 2003). To treat these infections, new antimicrobials must be developed (Martinez-
Klimova et al. 2017). When medicinal plants are used in place of antimicrobial medications, the environment is 
degraded, biodiversity is lost, land and water are spoiled, and they are also costly. According to Tejesvi et al. (2007), 
these plants have a unique invading microbiome that may create distinctive and varied bioactive chemicals. As a result, 
microorganisms found within medicinal plants make good substitutes during the drug discovery process (Porras-Alfaro 
and Bayman 2011). 

The Greek words endon, which means inside, and phyte, which means plant, are the source of the word "endophyte." 
De Bary initially presented it in 1866 (Arnold 2008). According to Schulz and Boyle (2006), endophytes are 
microorganisms, primarily fungus and bacteria, that colonize the intracellular and intercellular spaces of healthy plant 
tissues at specific times. These germs are asymptomatic and unobtrusive. The understudied class of microorganisms 
known as endophytic fungus is thought to have a wealth of structurally and physiologically active substances (Tan and 
Zou 2001). The presence of endophytes in the host plant and the kinds of physiologically active secondary metabolites 
that endophytes produce can occasionally provide plants their therapeutic qualities (Schulz and Boyle 2006).The host 
plant's ability to respond to both biotic and abiotic stressors is aided by the colonization of endophytic fungus. According 
to Redman et al. (2011), beneficial endophytes aid in the growth of the host plant, improve nutrient intake, prevent 
pathogenic growth inside the host plant, and lessen the severity of illness.In most Indian languages, the medicinal herb 
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Tinospora cordifolia is referred to by names like guduchi, giloy, or amrita (heavenly elixir). It is dioecious, climbs, rarely 
stands upright, spreads swiftly, and typically grows on big trees (Nayak 2018). In the pharmaceutical industry, it is the 
most widely used plant for commercial purposes. An Ayurvedic herb with well-established anti-rheumatic, anti-
spasmodic, anti-microbial, anti-osteoporotic, anti-inflammatory, anti-arthritic, antiallergic, immunomodulatory, and 
anti-diabetic qualities (Kapoor and Saxena 2018).According to Singh and Singh (2012), the plant's stem and leaves have 
been shown to have antibacterial action against a variety of bacterial pathogens, including Salmonella Typhi, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Shigella dysentria.The current investigation used a culture-
dependent methodology to separate fungal endophytes from Tinospora cordifolia plant leaves that were gathered from 
three distinct locations. Molecular and morphological techniques were used to identify endophytic fungus. 

2. Materials and methods 

Collection of Tinospora cordifolia leaf: The Tinospora cordifolia plant's healthy leaves were gathered. Samples of 
mature, healthy plant leaves from two distinct plants were collected from each region, transported in bags to the lab, 
and processed further to isolate endophytic fungus. 

Inoculation of leaves and isolation of endophytic fungi: According to Madhu Priya and Theoder (2018), samples of 
Tinospora cordifolia leaves were sterilized by first washing them under running water and then submerging them in 
0.1% sodium hypochlorite for five minutes. After being submerged in 0.01 percent bavistin, they were treated with 
double-distilled water for five minutes before being exposed to 0.05 percent streptomycin. They were kept in double-
distilled water for five minutes after being exposed to 70% ethanol once more.The sterility check test was carried out 
by adding 50 μl of the distilled water used in the final rinse of the surface sterilization procedure of the stem samples to 
nutrient agar medium (NA) and incubating at 37°C for 24 hours in order to verify and confirm the effectiveness of the 
surface sterilization procedure (De Souza Ferriera et al. 2017).Sterile petri plates were filled with potato dextrose agar 
(PDA) medium treated with antimicrobial chloramphenicol (100 μg.ml−1) to inhibit bacterial growth (Prasher and 
Dhanda, 2017). Following drying, the sterilized stem samples were divided in half and inoculated on PDA plates with 
inner tissue facing agar. After being covered with parafilm, the plates were incubated for five to seven days at 25°C.Fresh 
potato dextrose agar was filled with the hypheal ends of a 1 cm2 primary culture of endophytic fungus that had grown 
out of the plant tissue. Colony morphology was used to assess the cultures' purity after they were incubated at 25°C for 
seven to fourteen days. Endophytic fungi were periodically subcultured, and the cultures were kept as stock. 

Pathogenicity of endophytic fungi: In healthy, immune-competent hosts, fungi typically do not cause illness. Disease 
arises when fungi unintentionally breach host barriers or when immunologic deficiencies or other crippling conditions 
exist that promote fungal entry and proliferation. In order to multiply within the host, fungi frequently acquire both 
morphologic forms (such as yeasts, hyphae, spherules, and sclerotic bodies) and virulence mechanisms (such as 
capsules and the capacity to grow at 37°C). To assess the fungi's pathogenicity, the endophytic fungi that emerged from 
the Tinospora cordifolia plant's stem tissue were cultivated at 37°C. Fungal pathogenesis, which entails a complex 
interaction of numerous fungal and host variables, is influenced by the existence of capsules, enzymes like keratinase, 
the capacity to grow at 37°C, and dimorphism (Kobayashi 1996). 

Morphological based identification of fungi: Endophytic fungi were detected using the wet mount method, slide 
culture technique, and morphological traits like colony morphology (Markey et al. 2013). 

2.1. Morphological characteristics of endophytic fungi isolated from Tinospora cordifolia 

The absence of microorganisms on the culture media using the most recent washing water confirmed that the surface 
sterilization was successful in eliminating and eliminating epiphytes. Fig. displays primary endophytic fungal growths. 
Three isolates, designated TN-1 to TN-3, were discovered and purified from Tinospora cordifolia plant leaves (pure 
cultures are shown in Fig. They were identified as Botrytis spp., endophytic fungus. Aspergillus and Cladosporium 
species, as shown in Table 01. 
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Table 1 Growth of endophytic fungi isolated from leaf of Tinospora cordifolia 

Isolate 
name 

Macroscopic characteristics Microscopic characteristics Fungal type 

Obverse Reverse 

TC_1 Wolly,cottony, velvety  White at first, 
later brown to 
dark brown or 
nearly black 

Erect,septate,hyaline to light brown 
conidiophores that resembles a tree or 
grape bunch. Unicellular,smooth,hyaline 
to greyish,ovoid to globose conidia on 
short denticles 

Botrytis spp 

TC_2 Olivaceous green to 
olivaceous brown, grey 
green, or grayish brown 

Typically dark, 
olivaceous-
black,greenish-
black,or deep 
black 

Septate, olive-brown hyphae and 
distinct branching,acropetal chains of 
conidia, 1-4 celled conidia,smooth to 
verrucose walls,and specialized 
geniculate conidiophores with 
dark,conspicuous scars where conidia 
disarticulate 

Cladosporium 
spp 

TC_3 Starts white,rapidly 
becomes black, 
granular/wolly,often 
with a white edge 

Typically yellow 
to pale yellow 

Septate,transparent hyphae with 
dichotomous branching,conidiophore 
arriving from a foot cell,flask shaped 
phialides that produce chains of 
globose,pigmented conidia 

Aspergillus 
spp 

2.2. Screening of extracellular enzymatic activities of fungal Endophytes 

By cultivating fungal endophytes on Yeast-Malt (YM) agar media (YM: 10 g/L glucose, 5 g/L peptone, 3 g/L yeast extract, 
3 g/L malt extract, 1.5% agar, pH 6.7) (Molina et al., 2012) and adding 5 mm fungal plugs to the YM agar media 
supplemented with dissolved and particular indicative substrates. The formation of a clear zone encircling the fungal 
colony was assessed after applying a specific reagent and utilized as an indicator for extracellular enzymatic activities 
after three to five days of incubation, depending on the growth rates of fungal endophytes at 28 °C. All the assays were 
perfomed in triplicate. 

• Amylase activity: The fungal isolates were grown on YM agar medium supplemented with 1% soluble starch in 
order to measure amylase activity. The plates were soaked with 1% iodine following incubation. The amylolytic 
activity was assessed by measuring the presence of clear zones surrounding fungal growth. 

• Protease activity: The fungal protease enzyme activity was measured using the YM agar medium with 1% 
gelatine. Using acidic mercuric chloride as an indicator, the gelatin degradation was visible as a distinct 
zone surrounding the colonies following incubation. 

• Cellulase activity: After adding iodine solution as an indicator, the emergence of a clear zone surrounding the 
fungal colony cultivated on YM medium supplemented with 1% cellulose or carboxymethylcellulose (CMC) was 
assessed to evaluate the fungal cellulolytic activity. 

• Lipase activity: The fungal isolates were grown on peptone agar medium supplemented with Tween 20. The 
lipase activity was assessed by measuring the presence of clear zone surrounding the fungal growth. 

2.3. Physicochemical Parameter’s effect on the Fungal Growth and Enzyme Production 

The growth and enzyme production of screened fungal isolates was optimized by the evaluation of their response to 
different physicochemical parameters, including temperature, pH and salt concentration (Sharma et al., 2014). 

3. Result and discussion 

The present study was carried to isolate and identify endophytic fungi from various places of Ranchi district, Jharkhand. 
In the study, a total of three fungal colonies were isolated from different segments of the plant leaf. Among these 
endophytic fungi, the predominant endophytic fungi isolated belonged to the genera of Botrytis spp, Cladosporium spp 
and Aspergillus spp. The enzyme production by the fungal isolates are mentioned in the table below. 
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Table 2 Screening of extracellular enzymes produced by different fungal isolates 

SN ENZYMES IL 1 IL 2 IL 3 

1. Amylase  + +  _ 

2. Protease +  _  + 

3. Cellulase   _  _   _ 

4. Lipase  +  _   + 

3.1. Amylase test photographs 

 

Figure 1 Amylase test showing clear zones around fungal isolate IL 1 after applying iodine solution 

 

 

Figure 2 Amylase test showing clear zones around fungal isolate IL 2 after applying iodine solution 
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Figure 3 Amylase test showing no clear zones around fungal isolate IL 3 after applying iodine solution 

3.2. Protease test photographs 

 

Figure 4 Protease test showing clear zone around fungal isolate IL 1 after incubation 

 

Figure 5 Protease test showing clear zone around fungal isolate IL 2 after incubation 
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Figure 6 Protease test showing clear zone around fungal isolate IL 3 after incubation period  

3.3. Cellulase test photographs 

 

Figure 7 Cellulase test showing no zone around the fungal isolate IL 1 after applying 1M NaCl solution for 15 minutes 
indicating negative result 

 

 

Figure 8 Cellulase test showing no zone around the fungal isolate IL 2 after applying 1M NaCl solution for 15 minutes 
indicating negative result 
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Figure 9 Cellulase test showing no zone around the fungal isolate IL 1 after applying 1M NaCl solution for 15 minutes 
indicating negative result 

3.4. Lipase test photographs 

 

Figure 10 Lipase test showing clear zone around the fungal isolate IL 1 indicating positive result 

 

Figure 11 Lipase test showing no clear zone around the fungal isolate IL 2 indicating negative result 
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Figure 12 Lipase test showing clear zone around the fungal isolate IL 3 indicating positive result 

4. Conclusion 

The three strains of endophytic fungi tested were able to produce one or the other extracellular enzymes(Table 1). In 
the present study, none of the strain was able to produce all the four enzymes tested. The production of these four 
enzymes also varied depending on 3-7 days of incubation. The duration and degree of enzyme production variations by 
the endophytic fungi isolated from medicinal plants are the most important conclusions drawn from this investigation. 
This suggests that the production of enzymes varies among fungi and frequently reflects the needs of their environment. 
The biology of the fungi may be impacted by environmental elements like climate and geographic location, as well as 
the host's many shifting aspects connected to age.Nonetheless, choosing organisms most appropriate for industrial 
needs would benefit from an understanding of the kinds, quantities, and traits of enzymes produced by the endophytic 
fungi mentioned above. Quantitative research is being done on the potential endophytic fungi to produce extracellular 
enzymes in liquid conditions. 

Endophytes are a poorly understood class of organisms that produce a variety of bioactive compounds. In order to draw 
the attention of the research community to this developing field and the potential exploitation of the available sources 
for their therapeutic uses in various fields, such as the medical, pharmaceutical, food, and cosmetic industries, it is 
essential to evaluate and highlight the prior accomplishments, ongoing research, and recent advancements in research 
related to endophytic microorganisms.In this study, we isolated endophytes from Tinospora cordifolia  leaves and 
screened their extracellular enzyme activity. Further research is required for the scaling up of pure endophytic cultures, 
activity-guided fractionation, and isolation of pure active compounds because several of the crude extracts showed 
encouraging activity. 
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