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Abstract

Endophytic fungi are intriguing microorganisms live inside the healthy plant tissues. They are quite
diverse in nature and have enormous potential for production of important secondary metabolites of
biomedical, pharmaceutical and clinical importance. In the present work we have isolated
endophytic fungi from the leaves of Prerocarpus santalinus an endemic medicinal plant of Eastern
ghats, Tirumala hills, India. Based on the molecular characterization by 18S rRNA analysis the fungi
was identified as Xy/aria spp. ENT2 (Accession No. KF493856.1). the crude extract of Xy/aria sp.
was evaluated for antioxidant and antimicrobial activities. Among the other extracts tested
methanolic extract showed highest activity against all the bacterial and fungal pathogens with a
minimum bactericidal concentration (MBC) of about 30ug/mL against Staphylococcus aureus and a
Minimum Fungicidal Concentration (MFC) of about 50pug/mL against Candioa albicans. Similarly
methanolic extract proved to be potential natural antioxidant with 56.26+0.08 radical scavenging
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Introduction

Plants and microorganisms are the chief source of natural
compounds. In recent years endophytic fungi have attracted
researchers around the world as they produce a wide variety of
bioactive secondary metabolites of therapeutical importance [1-4].
The present study has been made to isolate fungal endophytes
from Prerocarpus santalinus L. an endemic medicinal plant of
Tirumala hills in Eastern ghats, India. It is a semi evergreen tree
belongs to the family Fabaceae. It has been used in almost all the
traditional system of medicine, ayurveda, unani, and sidha from the
ancient time. It has been used as a cooling agent, antipyretic, anti-
inflammatory,  anthelmintic, tonic, hemorrhage, dysentery,
aphrodisiac, and ulcers [5]. The wood in combination with other
drugs is also prescribed for snake-bites and scorpion-stings [6].
Despite its multiple medicinal values and also being an endemic
and red listed species, it is remained unexplored for endophytic
fungal communities associated with this plant.

Medicinal plants are known to harbour endophytic fungi that are
believed to be associated with the production of pharmaceutical
products [4]. Endophytic fungi asymptomatically inhabit plant
tissues and have been isolated from many species of woody plants
and grasses [7]. Endophytes may contribute to their host plant by
producing a plethora of compounds that provide protection and
survival value to the plant [8, 9]. Ultimately, these compounds,
once isolated and characterized, may also have potential use in
modern medicine. Novel antibiotics, antimycotics,
immunosuppressants, and anti-cancer compounds are only a few
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examples of compounds produced by endophytes [9]. Plants from
unique environmental settings, with an ethnobotanical history or
which are endemic are likely to house novel endophytic
microorganisms as a source of novel bioactive products [8]. The
discovery of novel antimicrobial metabolites from endophytes is an
important and alternative to overcome the increasing levels of drug
resistance by plant and human pathogens [10, 11].

Endophytic fungi represent an important and quantifiable
component of fungal diversity, with an estimate of at least 1 million
species [12, 13]. They are found in nearly all plant families and
have been investigated to be a rich source of novel biological
active secondary metabolites of high significance [14]. These
compounds have potential for use in modern medicine, agriculture,
and industry. Thus endophytic fungi are considered to be rich and
reliable source of genetic diversity with novel and undescribed
species and their metabolites [15].

Hence the aim of the present study was to isolate endophytic fungi
from an endemic medicinal plant Prerocarpus santalinus from
Tirumala hills of Eastern ghats and to evaluate antimicrobial and
antioxidant activities of the extract obtained with different organic
solvent extracts.

Materials and Methods

Collection of Plant Materials

The plant samples were collected from Tirumala hills of Eastern
ghats, Andhra Pradesh, India “Fig. 1”. The plant material was
identified by the taxonomist, the voucher specimen was deposited
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in Department of Botany. Healthy leaves were cut into segments
with a sterile scalpel and stored at 4°C in a sterile polythene bag
prior to use.

Plerocarpus santalinus

Isolation of Endophytic Fungi

Isolation of Endophytic fungi from plant samples was carried out as
described by Wang er a/. [16] with little modifications. Leaves were
washed under running tap water for 10 minutes followed by
immersion in 75% ethanol for 1 minute and in 2.5% sodium
hypochlorite for 5 minutes. Finally, leaves were rinsed with sterile
distilled water. Leaves wer cut into small segments of 0.8x1.0cm
aseptically and placed on petriplates containing potato dextrose
agar (PDA) media supplemented with streptomycin sulphate (50
pg/mL). The plates were sealed using Parafim and kept under UV
light for 15 mins for spore induction. Then the plates were
incubated at 27 +2 C in a light chamber with 12 hours of light
followed by 12 hours of dark cycles [17].

The petriplates were visually checked every day to observe the
growth of endophytic fungal colonies from the plant segments. As
the hyphal tips emerged out from plant segments they were
isolated, sub-cultured and brought to pure culture by serial sub-
culturing. Pure cultures were transferred to fresh PDA media and
incubated.

Identification of Endophytic Fungi

Preliminary identification of fungal endophytes was carried out
based on their microscopic and macroscopic characteristics.
Lactophenol cotton blue staining method was used for staining the
fungal cultures and visualized under Trinacular microscope
(Olympus). Colonies were analyzed with respect to their average
diameter, coloration of the mycelium, sporulation and production of

acervuli and coloration of the conidia. Further identification was
confirmed based on molecular characterization. The genomic DNA
was extracted from the mycelium and the ITS regions including the
intervening 5.8s rDNA were amplified using universal primers ITS 1
(5'GGAAGTAAAAGTAACAAGGY) and ITS 4
(5"'TCCTCCGCTTATTGATATGCS') [18]. The nucleotide sequence
data was submitted to NCBI Genbank. Based on the homology,
pairwise and multiple sequence alignment the fungal strain was
identified.

Preparation of fungal crude extracts

100ml of Potato Dextrose Broth (PDB) was taken into 250 mL
erlenmeyer flask and autoclaved at 1219C for 15 min and then
inoculated with 7days old active fungal culture. The flasks were
incubated in a shaker at 27 C + 2 C with 130 rpm under normal
lighting condition for a period of 10 days. After fermentation the
fungal biomass was separated from the broth by filtration using
Whatmann No.1 filter paper. The culture filtrate was successively
extracted with Hexane, Ethyl acetate and Methanol. The
successive extracts were concentrated to dryness using a rotary
vacuum evaporator (Superfit, India) under reduced pressure. The
resultant extract was then lyophilized and stored at 4 C for further
use.

Test Microorganisms

The test microorganisms used in this study included three bacterial
strains [Staphylococcus aureus (ATCC 5923), Bacillas supfilis,
(ATCC 6633) Escherichia coli (ATCC 5922) and Pseudomonas
aeruginosa (ATCC 7853)], three fungal strains [Aspergillus niger
(ATCC 6404), A. flavus (ATCC 6498),] and Candida albicans
(ATCC 9548). The bacterial cultures were sub-cultured every two
weeks on fresh nutrient agar (NA) slants and incubated at 37 C
whereas the yeast and fungal cultures were sub-cultured every four
weeks on the fresh PDA slants and incubated at 28 C and 25 C
respectively.

Antimicrobial Activity of crude extracts

Antimicrobial activity was determined using the disc diffusion
method according to the National Committee for Clinical Laboratory
Standards (NCCLS), 2003. Pre-warmed Mueller-Hinton agar
(MHA), PDA and NA (oxoid) plates were seeded with suspension
of tested inoculums. Endophytic extracts dissolved in DMSO (1
mg/ml) were pipetted (20 pl) onto sterile paper discs (6 mm
diameter) and placed onto the surface of inoculated agar plates.
Plates were incubated at 37 C for bacterial cultures and 27°C for
fungal cultures in BOD incubator. Antimicrobial activity was
expressed as the diameter of the inhibition zone (mm) produced by
the extracts. Streptomycin and Fluconazole were co-assayed as
positive antimicrobial references with DMSQO as negative control.

Minimum inhibitory concentrations (MICs) of crude extracts which
displayed the strongest antimicrobial activity were determined by
agar micro dilution method with slight modifications. Overnight
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culture of each test organisms (approximately 108 CFU) was
inoculated into the wells and the crude metabolites was tested at
concentration from 400 to 10 pg/ml. The plates were incubated for
24 h at 37 C. MIC was determined as the least concentration of the
crude metabolites that inhibited the growth of the test organisms.

Antioxidant activity by DPPH assay

The scavenging effects of samples for DPPH radicals were
monitored according to the method described by Duan, Zhang, Li,
and Wang [18]. Hundred microliters of various concentration of the
each solvent extract 25, 50, 75,100 pg were mixed with DPPH
solution (4 mg of DPPH 100 ml of 70% methanol) in methanol and
incubated in dark at 37°C for 30 min. The absorbance was
recorded at 517 nm. Inhibition of free radical by DPPH in
percentage (I %) was calculated with the following equation:

19= [(A blank —A sample) /A biank] X 100;

Where A piang is the absorbance of the control reaction (containing
all reagents except the test compound), and A gampe is the
absorbance of the test compound. The values of inhibition were
calculated for the various concentrations of the extract from fruiting
bodies of Xylaria spp.

Ascorbic acid (vitamin C) was used as positive controls, and all
tests were carried out in triplicate.

Results

The endophytic fungi isolated from the leaves of the endemic
medicinal plant Prerocarpus santalinus was identified as Xylaria
spp. (Fig. 2) based on its morphological and molecular
characteristics. The nucleotide sequence obtained by ITS
sequencing was submitted to NCBI with accession number
KF493856.1. Phylogenetic tree was constructed using Mega 4.0
and boot strap analyses was done using Nucleotide-Joining (NJ)
method. Boot strap values were indicated at the nodes of the tree.

Figure 2. Colony morphology and Spore image of Xy/aria spp.
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Figure: phylogenitic relationships between Xylaria sp. KF493856.1 and related taxa based on ITS regions.
The values at nodes are boot strap values for 1000 replicates.

Antimicrobial Activity of Different solvent Extracts.

The fungal biomass of the Xylaria spp. extracted using three
different solvents such as methanol, ethyl acetate and hexane
have exhibited quite good antimicrobial activity against the selected
human pathogens indicating the efficiency of compounds having
biological activities. (Table-1) The highest antimicrobial activity
was found in the methanol extract and the lowest in hexane. The
maximum zone of inhibition was observed in S. aureus, followed E.

colj, B. subtilis ,C. albicans , P. aeruginosa , A. flavus, and the least
activity was found in A. niger.

Different concentrations of crude methanol extract ranging from 10
- 100 pg were assessed against the test microorganisms. The
crude extract of Xplaria was most effective against the gram
positive bacteria S, awreus with a minimum bactericidal
concentration (MBC) of 30 pg/mL. Whereas MBC for other test
microorganisms was found to be 80 pg/mL. For C. albicans,
minimum fungicidal concentration (MFC) was about 50 ug/mL and
MFC for other test 100 pg/mL.

Table-1. Antimicrobial activity of Xy/aria spp. extracted using different solvents

Test Micro-organism | Methanol extract | Ethyl Acetate extract | Hexane extract | Streptomycin | Fluconazole
Zone of inhibition in mm

P. aeriginosa 12.4 +0.18 11.1 £0.15 10.2 +0.19 15.5 +0.14 -

B. subtilis 12.7+0.14 12.5+0.18 11.8+0.14 14.6+0.14 -

S. aureus 13.5+0.15 13.0 £0.21 12.2 +0.13 14.0 £0.12 -

E. colf 13.2 +0.12 12.3 £0.17 11.7 +0.15 14.0 +0.12 -

C. albicans 12.6+0.20 12.6 £0.24 9.1 +0.21 - 15.0 £0.14
A. niger 11.4 +0.13 10.8 +0.18 10.5 £0.15 14.5+0.16
A. flavus 11.7 £0.15 9.7 £0.14 10.9 +0.14 14.2 +0.12
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Free radical-scavenging capacity of the extracts using
DPPH analysis

DPPH method is based on the reduction of DPPH in the presence
of a hydrogen-donating antioxidant due to the formation of the non-
radical form DPPH-H [19]. The DPPH radical-scavenging activities
of the methanol extract from cultivated fruiting bodies of Xylaria
spp. and of references (Ascorbic acid) are presented in Table 2. It
was observed that the crude extracts from Xylaria spp. notably

reduced the concentration of DPPH free radical. It is clearly
demonstrated that free radical scavenging increases with
increasing extract concentration. Inhibition values in the
concentrations of 25, 50, 75 and 100, ug/ml were 22.10%, 30.60%,
45.42%, and 56.26%, respectively. The highest antioxidant activity
was noticed in the methanolic extract followed by ethyl acetate and
hexane. Ascorbic acid was observed to have the highest activity in
DPPH assay, which is in agreement with previous study [18].

Table-2: Free radical-scavenging capacity of different solvent extracts from Xyaria spp. with different concentrations, in DPPH assay

extract 25 g 50 ug 75 g 100pg
Hexane 16.68+0.08 | 26.42+0.16 | 36.74+0.12 | 48.15+0.18
Ethyl acetate 15.80+0.18 | 28.20+0.08 | 39.46+0.16 | 54.20+0.15
Methanol 22.10£0.04 | 30.60+£0.12 | 45.42+0.14 | 56.26+0.08
Control 25.42 4518 60.84 78.62
(Ascorbic acid)

Discussion

Endophytic fungi have been recognized as a repository of novel
secondary metabolites, possessing beneficial biological activities
[20]. This is the first report on the antimicrobial and antioxidant
activity of endophytic fungus Xy/aria spp. isolated from leaves of
the endemic medicinal plant Prerocarpus santalinus collected from
Tirumala hills of Eastern ghats.

From the results it was evident that this fungus has the potential for
extraction of novel metabolites possessing antimicrobial activity
against a broad range of pathogens. Generally utilization of
fermentation broths has been reported for extraction of
antimicrobial compounds. Here we are reporting the extraction of
bioactive compounds from the fungal biomass using three different
organic solvents and comparing the efficacy of individual extract for
their antimicrobial and antioxidant potentials. The MIC for the
selected pathogenic bacterial strains was 30 to 80 pg/mL, where
as 100 pg/mL for fungal pathogen and 50 pg/mL for yeast was
obtained. Similar minimum inhibition concentrations for S. aureus
ATCC 25923 was reported by Powthong et al [21] with the crude
extract of fungal endophyte of Sesbania grandifiora (L.).

Rios and Recio [22], in the search for substances of natural origin
with antimicrobial activity, those that present concentrations higher
than 1 mg/mL for extract and 0.1 mg/mL for isolated compounds
should be avoided. However, the evaluation of activity is very
interesting in case of concentration below 100ug/mL for extracts
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