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The endophytic microbiota is considered to be one of the consistent and noble souce of
potential and unique natural amalgams. These natural amalgams carry diverse pharmaceutical
significance which the reason for their importance among research fields. The diversity of plants
carries much more diversity of the endophytes as their mutual parts where both are benefited
from each other. The current work deals with the isolation of the endophytic fungus from
Tinospora cordifolia, for which the leaves were used after the surface sterilization, followed
by the production of secondary metabolite by the endophytic isolates through submerged
fermentation technique. The produced metabolite was extracted by liquid-liquid extraction
technique, which was further used for evaluating its antifungal potential against Candida
albicans and the obtained results show their considerable potential. The GC-MS profiling of
secondary metabolite was conducted to determine the presence of some bioactive compounds
in them, and as a result, some potential compounds detected are Levoglucosenone, Silanediol,
Nonane, D-Allose, 5-Hydroxymethylfurfural. Since these compounds are biologically important
in various aspects which gives the diversified application to the secondary metabolites. The
study concludes the potential of secondary metabolites from endophytic fungus of Tinospora
cordifolia and further investigation can be approached on determining the same from other
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plants, and also evaluating another bioactive potential of secondary metabolites.
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Microorganism accounts for the major
source of new bioactive metabolites and up to 75%
of the currently available metabolites are from
their origin. The source of isolating these microbes
usually refers to the soil but the pieces of evidence
suggest that only a fraction of microbes can be
isolated using the traditional techniques. Apart
from this, less than 1% of the isolated bacteria and
5% of fungus are characterized, so there is a need
to explore such alternative microbial habitats from
which some novel microorganisms can be isolated,
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that are rich in their metabolite and functional
diversity.!

The last few years have focused on
collecting considerable knowledge regarding the
biology and diversity of endophytic microbes?.
Although they cover a large diversity the fungal
endophytes are less explored®, they colonize the
intercellular and intracellular spaces of tissues
in plants and are known to impart no damage
physically. Instead, they are the rich source of
secondary metabolites* and their mutualistic

This is an
Published by Oriental Scientific Publishing Company © 2021

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

(©MON




652 SRIWASTAVA & SRIVASTAVA, Biosci., Biotech. Res. Asia, Vol. 18(4), 651-659 (2021)

relation with their host plant benefits both in terms
of survival and protection®.

A very less population of plant diversity
has been evaluated for the presence of endophytic
fungus and their potential secondary metabolite,
and the thorough study in this area has led to the
view that these endophytes could be an outstanding
source of bioactive compounds with various
potential biological activities. Endophytes help
the host plant to tolerate biotic and abiotic stress,
increase growth rate and extent of reproduction
and hence improve the resistance of host medicinal
plants by secretion of bioactive metabolites®. These
endophytes are of biotechnological importance due
to the potential nature of their secondary metabolite.
The secondary metabolite from these endophytes
is a diverse mixture of bioactive compounds hence
are capable of carrying antimicrobial, anticancer,
antiinflammatory, antimycotic, antioxidant and
immunosuppressive properties.”*?

Tinospora cordifolia is a deciduous shrub
climber that belongs to the family Menispermaceae
and is commonly referred to as Giloy. The plant
is very well documented in the Ayurveda and
generally found on high altitudes. The plant is
under prominent recognition due to its several
biological importance including the properties like
anti-spasmodic, anti-microbial, anti-inflammatory,
anti-rheumatic, anti-diabetic, etc.!!". The present
study aims to isolate the endophytic fungus from
this medicinally important plant followed by the
production of the secondary metabolite from
the isolated fungal endophytes. The antifungal
potential of secondary metabolites is determined
and the technique of GC-MS is incorporated for
profiling the compounds present in secondary
metabolites. Such profiling would help to determine
the compounds which participate in the biological
activity imparted by such metabolites. There is
a need to consider some other well known and
lesser-known medicinal plants to determine their
endophytic biodiversity that could help to discover
some potential endophytic microorganisms whose
metabolite finds vivid application in present era
industries.

MATERIALS AND METHODS

Isolation of the Endophytic Fungus
For the isolation of endophytic fungus,

fresh leaves of Tinospora cordifolia were collected
and rinsed with distilled water twice. Then surface
sterilization of the leaves was done using 0.1%
sodium hypochlorite for 10 seconds followed by
45 seconds and 30 seconds of treatment with 70%
ethanol and 30% ethanol respectively''. Then the
leaves were thoroughly rinsed with sterile distilled
water. Small uniform pieces of the leaves were
kept on the potato dextrose agar media plate and
incubated at 27°C for 48hrs. The fungus growing
near the leaf piece was transferred to the fresh
media plate. Two isolates of the endophytes were
selected and transferred to pure culture. The
morphology of these isolates was studied via the
lactophenol cotton blue staining.
Production and extraction of the secondary
metabolite

For the production of secondary
metabolite, the isolates were inoculated in 200ml
of the sterile potato dextrose broth medium and
incubated at 27°C for 72hrs on the rotatory shaker
at 130rpm. After the incubation period, the culture
medium was filtered through the Whatman No. 1
filter paper and the filtrate was collected in clean
capped bottles. For extraction purposes, the crude
was transferred into the separating funnel and to
the same 100ml, each ethyl acetate and methanol
was added. The content was vigorously mixed
for 10minutes and allowed to stand for the phase
separation. The upper phase was saved from
the separating funnel and from this complete
evaporation of the solvent was achieved. The
complete evaporation of the solvents leaves behind
the extracted secondary metabolite in the form of
a brown colored thick paste.
Evaluation of antifungal property

The antifungal activity of secondary
metabolite obtained from both the fungal isolates
was evaluated against Candida albicans by Agar
well diffusion method. For this evaluation three
different concentration of the secondary metabolite
was prepared that is, 100mg/ml, 200mg/ml and
300mg/ml. The antifungal agent, fluconazole
(1000ppm) was used as the positive control while
methanol was taken as the negative control. After
the incubation, the zone of inhibition was measured
for the result evaluation.
Determination of the MIC and MFC value

Minimum inhibitory concentration for
the secondary metabolite against C. albicans was
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determined by the broth microdilution method.
The range of concentration used for the analysis
was from 300mg/ml to 9.375mg/ml. The results
were evaluated based on the least concentration of
secondary metabolite at which no visible growth
of the fungal isolate was seen. For determining
the value of minimum fungicidal concentration,
the aliquots from the wells showing no visible
growth was inoculated over the PDA media plate
and incubated. The minimum concentration of
secondary metabolite at which no colony growth
was seen on the solid media plate is taken as the
MFC value for that secondary metabolite.
GC-MS analysis of the secondary metabolite
The GC-MS analysis was carried out
for both the secondary metabolites to determine
the types of compounds present in them. The
GC-MS analysis was carried out in Agilent
7890B GC connected to 5977A MSD, Column-

HP 5MS 5% Phenyl Methyl Silox-60°C-325°C,
30mx250pumx0.25um, injector temperature 250°C,
detector temperature 280°C, injection volume 1pl,
splitless mode and oven program-as per the article
given data compared with NIST MS2011 library.

RESULTS AND DISCUSSION

Isolation of the Endophytic Fungus

The endophytic fungal isolates selected
for the study showed the characteristic colony
appearance on the potato dextrose agar media. The
colony for Isolate 1 appeared as a white cotton-
like colony with yellow spores in the center and
the colony of Isolate 2 was dirty white cotton-like
colonies with pale black spores at the center.
The characteristic feature of these fungi was also
studied by microscopy where isolate 1 showed
the sporangium and hyphae close in appearance

Table 1. Value of Zone of Inhibition obtained for the antifungal activity of
secondary metabolite against Candida albicans

Well code Zone of Inhibition (mm)
Secondary metabolite Secondary metabolite
of isolate 1 of isolate 2
1-100mg/ml Nil Nil
2- 200mg/ml 12 10
3- 300mg/ml 17 14
(+)C- 1000ppm Fluconazole 24 24

(-)C- Methanol -

Fig. 1. Antifungal activity of the secondary metabolites from isolate 1 and isolate 2 against Candida albicans; In
the figures each well represents, 1-100mg/ml, 2-200mg/ml, 3-300mg/ml concentration of secondary metabolite,
(+)C- 1000ppm fluconazole and (-)C- methanol
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to Aspergillus spp. while isolate two showed the
hyphae and scattered spores close in appearance to
Trichoderma spp. These isolates were used for the
production of secondary metabolite, obtained as a
thick brown paste.
Evaluation of Antifungal Property, MIC and
MFC value

The secondary metabolite from both
isolates of endophytes showed a considerable
antifungal potential against C. albicans (Figure
1). It shows the clear zone formed around the well
loaded with secondary metabolite, the diameter
of which is measured in mm as the zone of
inhibition. The secondary metabolite from isolate
1 was showed 17mm Zone of inhibition (ZOI)
and 14mm Zone of inhibition (ZOI) was obtained
from isolate 2 at their concentration of 300mg/ml
(Table 1). The results interpretation derived showed
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that the MIC value for secondary metabolite from
isolate 1 and isolate 2 is150mg/ml and 300mg/ml
respectively while similar MFC value (300mg/ml)
was recorded for both isolates.
GC-MS analysis of the secondary metabolite
The GC-MS analysis was done for detecting
compound profile of the secondary metabolites
obtained from both isolates of endophytic fungus.
The GC-MS derived chormatogram for the
secondary metabolite samples as represented in
(Figure 2 and 3), is between the time of detection of
the compound versus its abundance. The profiling
results shows that the metabolite is quite rich in
the furfurals and their derivatives and a small
proportion of the different kinds of acid including
acetic acid, octadecanoic acid, oleic acid are also
present. The compounds detected in both the
secondary metaboltes via GC-MS analysis are

Table 2. List of compounds detected in the secondary metabolite obtained from isolate 1 of endophytic fungus

S. Compound Name Molecular Retention #CAS
No. formula Time (min)
1. Acetic acid, methoxy-, anhydride CH, 0 2.610 19500-95-9
2. Silanediol, dimethyl- C,H,O,Si 2.727 1066-42-8
3. Furfural CH,0, 2.986 98-01-1
4. Furfural CH,0, 3.274 98-01-1
5. 2-Furancarboxaldehyde, 5-methyl- CH.O, 5.218 620-02-0
6. 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one CH,0, 5.802 10230-62-3
7. Arsenous acid, tris(trimethylsilyl) ester C,H,,AsO,Si, 7.045 55429-29-3
8. Dimethyl(1-cyclopentylethoxy)silane C,H,Osi 7.648 105875-75-0
9. Furyl hydroxymethyl ketone CH.O, 8.329 17678-19-2
10. Levoglucosenone CHO, 8.919 37112-31-5
I1. 5-Hydroxymethylfurfural CHO, 9.395 67-47-0
12. 5-Hydroxymethylfurfural CHO, 9.597 67-47-0
13. 4H-Pyran-4-one, 2,3-dihydro-3, CH,O, 10.200 28564-83-2
5-dihydroxy-6-methyl-
14.  Nonane, 4-methyl- C,H, 11.608 17301-94-9
15.  D-(+)-Melezitose C,H,0, 13.232 597-12-6
16. 5-Hydroxymethylfurfural HO, 13.812 67-47-0
17.  4H-Pyran-4-one, 5-hydroxy-2-(hydroxymethyl)- CHO, 20.677 501-30-4
18.  D-Allose CH, 0O, 22.438 2595-97-3
19. 1,6-Anhydro-a-d-galactofuranose CH, 0 25.254 33818-21-2
20. Pentadecanoic acid, 14-methyl-, methyl ester C H,0, 27.938 5129-60-2
21. n-Hexadecanoic acid C,H,,0, 29.044 57-10-3
22.  2-Furancarboxaldehyde, 5-methyl- CH.O, 30.047 620-02-0
23. 9,12-Octadecadienoic acid, methyl ester C,H,,0, 31.182 2462-85-3
24. 8-Octadecenoic acid, methyl ester C,H,0, 31.286 2345-29-1
25.  Oleic Acid C,H,,0, 32.336 112-80-1
26. Octadecanoic acid CH,0, 32.736 57-11-4
27.  Cholesterol C,H,O 36.479 57-88-5

27746
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represented (Table 2) and (Table 3) for the isolate
1 and 2 endophytic fungi respectively. Some of
the major compounds detected in the metabolites
inlcudes, Levoglucosenone, Furyl hydroxymethyl
ketone, Silanediol, D-Allose, Octadecanoic acid,
5-Hydroxymethylfurfural, 4H-Pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl-, Oleic Acid
etc.

The endophytic fungi produce a wide
variety of bioactive compounds. These compounds
besides being involved in the host-endophyte
relationship, also have potential applicability in
pharmaceutical and agricultural industries. The
compound, Levoglucosenone detected in the
secondary metabolite of both endophytes isolates,
is known to possess good antitumor activity against
human hepatocarcinoma cell lines as reported
by a study conducted by Giri'2. The designing
of protease inhibitor covers a major focus of

pharmaceutical industries as the protease enzyme
mediate a myriad of metabolic processes. These
protease inhibitors help manage hypertension,
AIDS, thrombosis'* and Cancer'*and carry
much other potential importance, the compound
Silanediol and its derivative are reported to act as
the protease inhibitor and their ability to inhibit
serine protease is reported in a study conducted
by Singh and Sieburth'’.

Nonane is a bicyclo compound that is
predominant in the essential oil, imparting its
participation in the biological activity of oil,
as predominantly detected in the essential oil
from Vitex negundo'®. A rare sugar, D-Allose
has been detected in the current study, present
in the secondary metabolite of endophyte isolate
2, is a biologically important monosaccharide,
which can show an immunosuppressive effect'’
and protective effect against liver damage' in

Table 3. List of compounds detected in the secondary metabolite obtained from isolate 2 of endophytic fungus

S. Compound Name Molecular Retention #CAS
No. formula Time (min)

1. Acetic acid, methoxy- C,H.0, 2.642 625-45-6
2. Silanediol, dimethyl- C,H,0,Si 2.718 1066-42-8
3. Silanediol, dimethyl- C,H,0,Si 2.746 1066-42-8
4. 2(5H)-Furanone CH,0, 2.930 497-23-4
5. 1H-Imidazole, 2,4-dimethyl- CHN, 2.967 930-62-1
6. Furfural CH,0, 3.424 98-01-1
7. 2-Furancarboxaldehyde, 5-methyl- CH.O, 5.472 620-02-0
8. 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one CH,O, 5.971 10230-62-3
9. Benzonitrile, m-phenethyl- C H,N 7.243 34176-91-5
10. 2-(2-(2-Butoxyethoxy)ethoxy)acetic acid 10H5005 7.817 75427-76-8
I1. 1-Propanone, 1-(2-furanyl)- ,HO, 8.575 3194-15-8
12. Levoglucosenone CH,O, 9.140 37112-31-5
13. 5-Hydroxymethylfurfural CH.O, 9.263 67-47-0
14. 5-Hydroxymethylfurfural CH,O, 9.602 67-47-0
15. 5-Hydroxymethylfurfural CH.O, 9.988 67-47-0
16. 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- CH,0, 10.416 28564-83-2
17. Octane, 2,5-dimethyl- C,H, 11.820 15869-89-3
18. 5-Hydroxymethylfurfural CH,O, 14.103 67-47-0
19. 5-Hydroxymethylfurfural CHO, 16.194 67-47-0
20. D-Allose CH, 0, 22.038 2595-97-3
21. 1,6-Anhydro-a-d-galactofuranose CH,0; 25.211 33818-21-2
22. Pentadecanoic acid, 14-methyl-, methyl ester C,H,0, 28.112 5129-60-2
23. n-Hexadecanoic acid C,H,,0, 29.199 57-10-3
24. 2-Furancarboxaldehyde, 5-methyl- CH.O, 30.235 620-02-0
25. Methyl 9-cis,11-trans-octadecadienoate C,H,,0, 31.351 2566-97-4
26. trans-13-Octadecenoic acid, methyl ester C,H,0, 31.450 1937-62-8
27. Oleic Acid C,H,,0, 32.496 112-80-1
28. Octadecanoic acid C.H, O 32.891 57-11-4
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animals alongside it can also inhibit proliferation
of cancer cell and inhibits the production of ROS in
neutrophils as reported by some research studies'®.
The most prominent compound detected in the
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Fig. 2. Chromatogram of GC-MS analysis of secondary metabolite obtained form the endophytic fungal isolate 1
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by some study can be considered as a potential  the antiproliferative property against human
natural antioxidant agent carrying an applicationin ~ melanoma A375 cell line by inducing apoptosis
cancer chemoprevention as it is capable of showing  and G0/G1 cell arrest®.
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Fig. 3. Chromatogram of GC-MS analysis of secondary metabolite obtained form the endophytic fungal isolate 2
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CONCLUSION

All the plants present in mother nature
are the reservoir for many potential endophytes,
residing as their mutual part where both get
benefited from each other. The study concludes
the considerable antifungal potential of secondary
metabolites obtained from endophytes of Tinospora
cordifolia. The study also reports that the bioactive
nature of these metabolites is due to the presence of
some potent compounds in them as revealed by the
GC-MS profiling. Further work can be employed
in the isolation of endophytes both bacteria and
fungus from other parts of the same plant and
other plants as well. The biological activities of
secondary metabolites can be evaluated on various
other parameters too.
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