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Abstract: This study deals with isolation and identification (GC-MS) of bioactive molecules from an
endophytic fungus isolated from a traditional medicinal shrub Nyctanthes arbor-trists (Linn). Total 11 compounds
were identified from the isolated fungal extract. On the basis of study of macroscopic and microscopic characters
and ITS sequencing, isolated endophytic fungus was identified as Xylaria. Secondary metabolites isolated
from Xylaria were screened for antimicrobial assay against three pathogenic bacteria. Crude extract of Xylaria
was demonstrated strong inhibitor of three pathogenic bacteria Micrococcus luteus (clear zone 68.2 mm),
Citrobacter freundii (clear zone of 59.16 mm) and Chromobacterium violaceum (clear zone 39.96 mm). Production
of hydrolyzing enzymes like amylase and lipase from Xylaria was also detected.
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Introduction
Endophytes are considered as non-aggressive,

often even postulating a mutualistic role within their
host. Different groups of organisms such as fungi,
bacteria, actinomycetes and mycoplasma are re-
ported as endophytes of plants 1. Term “endo-
phytes” refers to the organisms which through-
out or part of their life cycle invade the tissue of
living plant and cause asymptomatic infections.
Most endophytes isolated to date have been asco-
mycetes and their amorphs, however, Rungjin-
damai et al.2 reported several endophytes may
also be basidiomycetes. However, the coloniza-
tion rate and isolation rate of endophytic fungi from
plants varied greatly. Some medicinal plants har-
bored more endophytic fungi than others 3. Some
of the common endophytes not only existed in most
plant hosts but also have higher relative frequen-
cies within each of the hosts. In contrast, some

other endophytic fungi were detected in only plant
host 3. Endophytic fungi are of biotechnological
interest due to their potential use as genetic vec-
tors, metabolites and biological control agents.

Endophytes are ubiquitous and have been found
in all the species of plants. Many economically
important grasses carry fungal endophytes some
of which may enhance host growth, may improve
the plants ability to tolerate abiotic stress such as
drought, as well as improve their resistance to in-
sect and mammalian herbivores 4. Some endo-
phytes protect their host from insect by produc-
ing bioactive metabolites 5. Recent studies sug-
gest that endophytic fungi are not host specific 6.

Nyctanthes arbor-tristis is one of the most
useful traditional medicinal plants, it is native to
India. It is a night flowering sad tree of family
Oleaceae is well known in India. It is a terrestrial
woody perennial having life span of 5-20 yrs. It is
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usually a shrub or a small tree having brilliant,
highly fragrant flower, which bloom at night and
fall off before sunrise, giving the ground under-
neath a pleasing blend of white and red.

Nyctanthes arbor-tristis is a mythological plant
and possesses high medicinal value in Ayurveda.
The popular medicinal use of N. arbor-tristis in-
clude anthelminthic, antipyretic, skin ailments and
as a sedative. Each part of the plant has some
medicinal value and is thus commercially exploit-
able. It is now considered as a valuable source of
several unique products for the medicines against
various diseases and also for the development of
some industrial products.

Objective
Objectives of the present study were: 1. Isola-

tion of endophytic fungi,  2. Characterization and
identification of isolated fungus. 3. Assessment
of enzymatic activity of isolated endophytic fungi.
4. Isolation of secondary metabolites and assess-
ment of its antimicrobial activity against three
pathogenic bacterial strains. 5. Identification of
compounds isolated in crude extract from isolated
fungus through GC-MS.

Materials and methods
Isolation of endophytic fungi

Leaf of disease free plant N. arbor-tristis were
surface sterilized and leaf pieces (1.2 cm) were
inoculated on PDA media. Plates were then kept
in BOD incubator (28±2oC) for 4-5 days, and
monitored every day for growth of endophytic
fungi.

Characterization of isolated fungus
The colonies of isolated fungus from leaf pieces

were studied for their macroscopic features i.e.
color, shape and growth of cultured colonies etc.
Microscopic observations of endophytic fungal
species were carried out by preparing slide of
fungal mycelium, stained with lacto phenol cotton
blue stain. The slide was observed under micro-
scope for its microscopic characteristics i.e. struc-
ture of hyphae, type of septa in hypha, branching
pattern of hypha, type and shape of spores, type
of adherence of spores on hypha, no. of spores
on each location, spore size, color of hypha and

spores etc. Obtained data were then compared
with the descriptions of endophytic fungus spe-
cies in the literature and matches were recorded.

ITS and BLAST sequencing
ITS and BLAST [NCBI] sequence analysis

have been carried out from the microbial culture
collection, National Centre for Cell Science
(NCCS), Pune by using following protocol:

DNA was extracted from the fungal culture us-
ing XcelGen Fungal gDNA Kit (Xcelris Labs),
eluted in 200 μl of elution buffer and concentra-
tion of DNA was estimated using Nanodrop (ND-
1000, Thermo scientific, USA). The genomic
DNA was amplified using ITS1 and ITS4 prim-
ers7 in PE 9700 thermo cyclers (PE, Applied
Biosystems); initial denaturation at 95°C for 5 min,
35 cycles of denaturation at 95°C for 1 min,
annealing at 55°C for 1 min and extension at 72°C
for 1 min, final extension at 72°C for 10 min. The
PCR was carried out in 25 μl reaction mixture
(10 U Taq polymerase buffer, New England
Biolabs), 2 mMdNTPs, 10 pMprimers, 1 unit Taq
polymerase (New England Biolabs), and 10 ng
DNA). The positive amplicons were purified by
PEG, and purified PCR products were sequenced
for both strands on an ABI 3730 xl DNA ana-
lyzer using the Big Dye terminator kit (Applied
Biosystems, Inc., Foster City, CA). A BLASTn
sequence homology search was performed to
compare it with available sequences of Xylaria
in GenBank database 8. Alignment 9 and phyloge-
netic analysis based on the neighbor joining (NJ),
the maximum parsimony (MP) and maximum like-
lihood (ML) method was done with retrieved
GenBank sequences of Xylaria in MEGA 5.0 10.

Enzymatic activity of isolated endophytic
fungi, Xylaria sp.

The endophytic fungal isolates were observed
for the production of various hydrolyzing enzymes
like amylase, lipase, protease and lactase.

Amylolytic activity
Amylase activity of isolated fungus was asses-

sed by growing the fungi on Glucose Yeast Ex-
tract Peptone Agar (GYP) medium (glucose-1g,
yeast extract 0.1 g, peptone 0.5 g, agar 16 g, dis-
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tilled water 1L) with 0.2 % soluble starch (pH
6.0). After incubation on 28±2°C for 3-4 days the
plates were flooded with 1 % iodine in 2 % potas-
sium iodide

Lipolytic activity
For lipase activity, the fungi were grown on ster-

ilized Peptone Agar medium (peptone-10 g, NaCl-
5 g, CaCl2.H2O-0.1 g, agar 16 g, and distilled water
1L (pH 6.0). At the end of the incubation (28±2oC)
period for 4-5 days a visible precipitate around
the colony due to the formation of calcium salts
of the lauric acid liberated by the enzyme indi-
cated positive lipase activity.

Proteolytic activity
Glucose Yeast Extract Peptone Agar medium

(containing 8 % gelatin) (pH 6.0) was used to
analyze proteolytic activity of isolated endophytic
fungus. After incubation (28±2oC, 4-5 days) deg-
radation of the gelatin was seen as clear zone
around the colonies. The plate was then flooded
with 1 % mercuric chloride solution, which re-
sulted in formation of a precipitate. This made
the agar opaque and enhanced the clear zone
around the fungal colony.

Biomass production
Autoclaved Potato Dextrose Broth (PDB) (150

mL) was inoculated with isolated endophytic fun-
gus, kept for incubation at 28±2°C in a BOD in-
cubator. After the incubation period, formation of
the fungal mat was observed .Weight of a
Whatman’s No. 1 filter paper was taken. Filtra-
tion of fungal mat was performed using a funnel.
Weight of fungal mat with filter paper was taken
and weight of biomass production by the isolated
endophytic fungi was calculated using following
formula:-

Biomass production (g) = Weight of filter paper
with fungal mat – weight of filter paper.

Secondary metabolites extractionfrom
Xylaria sp.

After incubation mycelium containing flask was
kept in an orbital shaker (Sonar) on 145 rpm for
4-5 days at 25±2. The broth after incubation was
then filtered; filtrate containing the secreted
secondary metabolite of endophytic fungus was

used to observe antibacterial activities. Lyophilized
extract send for GC-MS analysis to the labora-
tory of JNU, New Delhi.

Bacterial strains
Pure cultures of Micrococcus luteus [Causes

sepsis, or endocarditis - an infection of the lining
of the heart] (MTCC 7950), Citrobacter freundii
[Leading pathogens of nosocomial infections]
(MTCC 7029), Chromobacterium violaceum
[Causes destruction of red blood cells and causes
Listeriosis] (MTCC 7544), were procured from
Microbial Type Culture Collection (MTCC),
Chandigarh. The bacterial suspensions of the
above pure cultures were prepared by inoculat-
ing the powdered form of the above strains into
their respective nutritional broth.

Antimicrobial activity of secondary metabo-
lites from Xylaria sp.

The isolated endophytic fungi were evaluated
for their antibacterial activity against three spe-
cies of human pathogenic bacteria. The antimi-
crobial activity of cell free extract (CFE) from
isolated endophytic fungus was performed by agar
well diffusion method. Nutrient agar plates were
prepared and swabbed with pure culture of bac-
terial strains .The plates were kept for 20 min-
utes incubation. After the incubation period, wells
were formed using well puncture and were ino-
culated with fungal metabolite, blank solvent and
Abs disc (antibiotic disc) as a control. The plates
were then kept for incubation at 37oC for 24 hours.
Each experiment was set in three replicates.

Minimum inhibitory concentration (MIC) or
zone of inhibition

After incubation, antibacterial activity of fungal
metabolite was observed by measuring zone of
inhibition surrounding each well. The zone of inhi-
bition was measured by measuring the diameter
of zone of inhibition (mm) against pathogenic bac-
teria by fungal metabolite. One set was kept as
control.

GC-MS analysis
Gas chromatography-mass spectrometry (GC-

MS) analysis of crude fungal extracts was car-
ried out at the advanced instrumentation research
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facility (AIRF), JNU, New Delhi. GC-MS analy-
sis of the crude was performed on a Shimadzu
GC-MS-QP-2010 plus system. RTx-5 SilMS col-
umn (30 m × 0.25 mm id × 0.25 μm film thick-
ness) was used with the following operating con-
ditions: oven temperature program from 80°C-
250°C at 5°C/ min with holding time of 4 min and
from 250°C-310°C at 20°C/ min with holding time
of 5 min, and the final temperature was kept for
24 min. The injector temperature was maintained
at 270°C, pressure 81.7 kPa, total flow 16.3 ml/
min, column flow 1.21 ml/ min, linear velocity 40.5
cm/ sec, purge flow 3.0 ml/ min, split ratio 10.0,
ion source temperature 230°C, scan mass range
m/z 40-600, and interface line temperature 280°C.

The identification of compounds was performed
by comparing the mass spectra with data from
NIST (National Institute of Standards and Tech-
nology, US), Wiley, Pesticide Library 3rd edition,

Drug Library, GC/MS Metabolite Mass Spectral
Database and FFNSC (Flavor and Fragrance
Natural and Synthetic Compounds) libraries.

Result and discussion
Macroscopic and microscopic characteristics
of endophytic fungus isolated from leaf of N.
arbor-tristis

The isolated fungal colony from leaf of N. ar-
bor-tristis was round, velvety and regular. In the
young stage, culture was white and turned gradu-
ally into pink background (Table 1) (Fig. 1a and
1b). Characteristic feature of isolated fungus was
presence of mycelium with branched and septate
hyphae (Fig. 2), with terminal 2-5 spores (conidia)
in a cluster (Fig. 3).

The conidium is a specialized non motile asexual
propagule usually not developing by cytoplasmic
cleavage or free cell formation. It is a character-

Table 1. Macroscopic and microscopic characteristics of
isolated endophytic fungi Xylaria of N. arbor- tristis

Characteristics Features of isolated endophytic fungus

Growth rate 3-5 days
Growth media Potato dextrose media (PDA)
Colonies Round, velvety, regular
Color Young culture is white
Background White Pink
Mycelia pattern Branched, septate
Types of spores Conidia on conidiophores in the cluster of 2-5, apical in position

Fig. 1(a), 1(b): Isolatedendophytic fungal colony of Xylaria from leaf of N.arbor-tristis
(a) (b)
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istic feature of Ascomycetes 11.

Identification of isolated fungus
On the basis of following gene sequence, result

of ITS sequencing (carried out at the microbial
culture collection, National Centre for Cell Sci-
ence (NCCS), Pune), the isolated fungus was
identified as Xylaria sp. The fungus was also iso-
lated from an orchid (Anoectochilus setaceus)
12 and from Coffea arabica 13 as an endophyte .

>D_SEP_14_061(Xylaria sp.) TTATTGATA
TGCTTAAGTTCAGCGGGTATTCCTACC
TGATCCGAGGTCAACCTTGATAAATTAGG
GGTTTTACGGCAGGGGACCGGTCCAACT
AATAGGCGAGATAATATTTACTACGTCTAGA
GTGTGAACCGA CTCCGCC ACTAATTTTAA
GGGGCTACCGCCATACGGTAGGCCCCCAA
CGCTAAGCAACAGAAGGCTTAAGG
GTTGAAATGACGCTCGAACAGGCAT GCC
CACTAGAATACTAATGGGCGCAATGTGC

GTTCAAAGATTCG ATGATTCACTGAATTC
TGCAATTCACATTACTTATCGCATTTCG
CTGCGTTCTTCATCGATGCCAGAACCAA
GAGATCCGTTGTTGAAAGTTTTAACTTAT
TTAGTTATAATTCAGATATCCAGTAAT
TAAACAGAGTTTAATGGGGCGCCGGCGG
GCTTACCCGTGCCTACCGGGTAGGCACT
TACAGGTAA GTG CA ATACAGG GTAGGTA
CGACCCGCCGAGGCAACGTTAGGTATG
TTCACATGGGGTTTGGGAGTTATAAACTCTT
TAATGATCCCTCCGCAGGTTC.

Biomass production of Xylaria sp.
Fungal biomass production is a major of me-

tabolite production 14, biomass of isolated fungus
was quantified after 6 days of inoculation of in
liquid broth of PDB (Potato dextrose broth). A
thick fungal mycelia mat was produced. Fresh
weight of this mycelia mat was 4.22 g. Biomass
(with rate 0.703 g/day) utilized for secondary me-
tabolite production (Fig. 4).

GC-MS analysis
GC MS is an efficient method for identification

of compounds present in the fungal extract. GC-
MS chromatogram (Fig. 5) showing presence of
11 compounds identified on different Rt and with
different % area (Table 2) from Xylaria extract.
Percentage area in GC-MS chromatogram is rep-
resentation of quantity of compound present in
the extract. In the present study compound which

Fig. 2. Microscopic characteristics of isolated
Xylariafrom leaf N.arbor-tristis

Fig. 3. Mycelium of Xylaria with terminal
2-5 spores (conidia) in a cluster

Fig. 4(a). Biomass production
from leaf of N.arbor-tristis
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Fig. 5. GC-MS Chromatogram of Xylaria sp. extract
was isolated inmaximum quantity (25.37 %) is
fatty acid 15cis-Vaccenic acid (at Rt-37.95).
Hexadec-anoic acid, which boosts metastasis in
mouse models of human oral cancer cells 16,  was
the important compound isolated at Rt- 33.75 with
0.19 % area in the Xylaria extract.

Enzymatic activity of Xylaria sp.
The observations after enzymatic study indi-

cated the capability of isolated fungi to produce
high amount of lipase enzyme (Fig. 6). Formation
of clear zone around the fungal colony was ob-
served on Starch agar media (1.63 cm). This is
an indication of high production of amylase en-
zyme (Fig. 7) (Table 3). Xylariaceous fungal taxa
have also been known as producers of wood rot-
ting enzymes. Production of xylarinase 17 and
cellulose 18 was also reported in different Xylaria
species. In the present study isolated Xylaria sp.
is capable to produce amylase and lipase enzymes
too.

Antimicrobial activity of secondary metabo-
lite of Xylaria sp.

The present work reported the antimicrobial
properties of fungal metabolite from leaf of N.

Fig. 6. Lipaseactivity of Xylaria
from leaf of N. arbor-tristis

Fig. 7. Amylase activity of Xylaria
from leaf of N. arbor-tristis
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Table 3. Enzymatic activity of Xylaria of N. arbor- tristis

Replicate Amylase (cm) Protease (cm) Lipase (cm)

R1 1.72 - 2.5
R2 1.52 - 2.8
R3 1.77 - 2.2
Mean* 1.67±0.1 - 2.5±0.24

*results are mean of 3 replicates ±SD

arbor-trists. It was observed that the fungal
metabolite were capable to inhibit the growth of
pathogenic bacteria. The strongest antibacterial
activity of fungal metabolite was observed against
Micrococcus luteus (Fig. 8) (clear zone 68.2 mm).
The isolated fungal metabolite forms a clear zone
of 59.16 mm against Citrobacter freundii (Fig.
9) and of 39.96 mm against Chromobacterium
violaceum (Fig. 10).

In the present study, it was observed that mini-
mum antibacterial activity was found against
Chromobacterium violaceum, whereas it was
a strong inhibitor of Micrococcus luteus (Table

4) (Graph 1). Antimicrobial activities of endo-
phytic Xylaria sp. were also reported previously
19, 20.
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Fig. 8. Antimicrobial activity of fungal metabolite of
N. arbor- tristis against Micrococcus luteus

Fig. 9. Antimicrobial activity of fungal metabolite of
N. arbor- tristis against Citrobacter freundii
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Fig. 10. Antimicrobial activity of fungal metabolite of
N. arbor- tristis against Chromobacterium violaceum

Table 4. Antimicrobial activity of fungal metabolite
of N. arbor-tristis against human pathogens

Zone of inhibition
Pathogenic C Antibiotic disc mm Isolated fungal metabolite (mm)
bacterial strain 1 2 3 M 1 2 3 M

7029 - 13.3 9.5 3.2 8.6±4.17 65.3 59.5 52.7 59.16±5.15
7950 - 3.2 1.5 3.2 2.63±0.8 59.9 62.6 82.1 68.2±9.89
7544 - 5.1 1.5 1.5 2.7±1.7 37.1 37.1 45.7 39.96±4.02

7029: Citrobacterfreundii
7950: Micrococcus luteus
7544: Chromobacteriumviolaceum
*results are mean of 3 replicates±SD

Graph 1. Antimicrobial activity of secondary metabolite of Xylaria sp.
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