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INTRODUCTION

In recent past, emerging of new infectious diseases
such as Covid-19, drug resistant microbial dis-
eases, Influenza, SARS, and H1N1 has become the
greatest challenges for researchers to safeguard
the human health against pathogenic microorgan-
isms. Most of these newly emerged diseases are
caused by microorganisms and the causative or-
ganisms are increasingly becoming drug resistant
over the recent past times (Tauhidur et al. 2020,
Bhatia and Narain 2010).  For treating such infec-
tious diseases, novel bioactive natural compounds
from plants as well as microbes could provide the
best and significant alternatives as source of po-
tential and promising drugs (Morens et al. 2004).
Although, plant is the major source of bioactive
natural compounds, nevertheless, endophytic fun-
gal species could play a vital role in the search of
new novel bioactive natural products (Jalgaonwala
et al. 2011).

In the last couple of decades, endophytic fungal
species are emerged as significant natural re-
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Antibacterial activities of endophytic Xylaria sp. strain SR2 from
Araucaria heterophylla against drug resistant Staphylococcus
aureus strains

In the present study, the bioactive endophytic fungal species was isolated from the gymnosperm plants
of Araucaria heterophylla. The isolated fungal species was identified as Xylaria sp. SR2. based on
morphological characteristics. The fungal isolate of Xylaria was grown in various range of pH, tempera-
ture and culture media for optimizing maximum biomass production in submerged culture conditions.  The
maximum growth of Xylaria sp. SR2 was observed in PDA and the optimal temperature and pH for the
maximum mycelial growth was found to be 30°C and 5.5 respectively. The optimized ethyl acetate extract
of cultural filtrate were subjected to antibacterial activities against Pseudomonas syrirgae (MTCC 673),
Proteus mirabilis (MTCC 1429), Burkholderia glumae (MTCC 8496), Moraxella bovis (MTCC 1775) and
drug resistant Staphylococcus aureus strains (1-10). The maximum inhibition zone of 23.2 mm and 20.4
mm against S. aureus strain 6 and 5 respectively.

Key words:  Antibacterial Activity, Drug resistant Bacteria, Endophytic Xylaria,

sources of bioactive natural products against drug
resistant microorganisms like bacteria and fungi,
because most of them are occupying millions of
peculiar biological niches growing in so many un-
usual stresses and environmental conditions. There
is enormous scope for the discovery and recovery
of novel fungal species, genera and biotypes from
these environments.

Bioactive natural compounds produced by the
endophyticfungal species are promising potential
use in safety and human health concerns,
eventhough there is still a significant demand of
drug industry for synthetic products due to eco-
nomic and time consuming reasons (Strobel et al.
2004).

Endophytic fungal species are to be found in virtu-
ally every tissue of plant parts on the earth. They
reside in the living tissues of the host plant and do
so in a variety of relationships ranging from symbi-
otic to pathogenic microorganisms (Strobel et al.
2004).  Endophytic fungal species have been re-
ported from all groups of plants starting from algae
to angiosperms and various research groups re-
ported including algae (Zuccaro et al. 2008,
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Suryanarayanan et al. 2010)  lichens (Suryanara-
yanan et al. 2005) , mosses and angiosperms
(Tejesvi et al. 2010), and may persist even in asep-
tically cultured plants also (Lucero et al. 2008).
Moreover, endophytic fungi are also reported from
plants that grow in various environments including
tropic (Mohali et al. 2005), temperate (Ganley et
al. 2004), xerophytic (Suryanarayanan et al. 2005)
and coastal mangroves (Kumaresan and Suryana-
rayanan 2002). Environment plays an important
role on endophyte biodiversity, while the species
diversity is dependent upon the nature of the host
plant and their ecological location. For example,
endophytic fungi in woody plants are highly abun-
dant and diverse, particularly in the tropical areas
(Arnold et al.2001).

Fungal species of the genus Xylaria Hill ex
Scharank (Xylariaceae, Asomycetes) both macro
and micro fungi, are known to produce diverse
classes of bioactive compounds including antifun-
gal multiplolides (Boonphong et al. 2001), cytotoxic
cytochalasins, acetylcholineesterase inhibitor
xyloketals (Lin et al. 2001), Xanthones (Healy et
al. 2004), Xylarighanand Orthosporin (Rong Chen
et al. 2018), Nigriterpene (Jung et al. 2017), Cy-
tochalasin D (Elias Luciana 2018). The present
investigation has therefore been designed to study
the in vitro antibacterial potential of dried fungal
extracts of endophytic Xylaria sp. SR2 against drug
resistant human bacterial pathogens of clinical im-
portance.

MATERIALS AND METHODS

Collection of plant materials

The healthy stem segments of Araucaria
heterophylla were collected from our holy Gurukula
Institute of Vivekananda College, Tiruvedakam
west, Madurai, Tamil Nadu during the month of
August 2019 (Fig. 1). The stem segments were
placed in paper bags after removal of excess mois-
ture. Then the stem samples were stored at 4oC
for further use.

Isolation of endophytic fungi

The stem samples collected from A.
heterophyllawere washed thoroughly with distilled
water and air dried before they were processed.
Endophytic fungi were isolated according to the
reported protocol (Petrini 1986) which was slightly

modified based on preliminary research. All the
stem samples were washed twice in distilled water
and then surface sterilized by immersion  for 1 min
in 70% (v/v) ethanol, 1min in sodium hypochlorite
(3% (v/v) available chlorine) and 30 s in 70% (v/v)
ethanol and further washed three times in steril-
ized distilled water for 1 min each time. After sur-
face sterilization, the samples were cut into 5-7 mm
pieces and aseptically transferred to Petri plates
containing potato dextrose agar (PDA) with 50 ?g/
ml of streptomycin to suppress the bacterial growth.
These Petri plates were incubated at 300C with
normal daily light and dark periods. The plates were
examined daily for up to one month for the devel-
opment of fungal colonies growing out from the
stem segments. The fungi growing out from the
stem tissue were subsequently transferred onto
fresh PDA plates without antibiotics.

Microscopic analysis of morphological charac-
terization

The endophytic fungus was grown on PDA at 30°C
for 7–9 days, and the formation of conidia was ex-
amined under a microscope. Each specimen was
examined for morphological characteristics of asci,
ascospores, paraphyses and other structures of
taxonomic value. Spore dimensions were deter-
mined for 50 spores. Lacto phenol cotton blue and
distilled water were used as mounting media for
microscopy. Dried materials were rehydrated in 3%
aqueous KOH. Photography was carried out with a
light microscope and binocular microscope at-
tached with computer (COSLAP). The isolated en-
dophytic fungus was identified based on morpho-
logical characteristics and standard taxonomic key
included colony diameter, texture, color and the
dimensions and morphology of hyphae and spore
(Ainsworth et al. 1973).

Effect of pH on the growth of fungal species

The endophytic was grown in potato dextrose agar
plates with the initial pH of 4.0 to 7.0. The culture
was incubated for 7 days under static condition.
After the incubation, radial growth was measured.
The measurements were taken from four different
points and the average radial growth was recorded.

Effect of temperature on the growth of fungal
species

The endophytic was grown in potato dextrose agar
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plates with the initial temperature of 10 to 350C.
The culture was incubated for 7 days under static
condition. After the incubation, radial growth was
measured. The measurements were taken from
four different points and the average radial growth
was recorded.

Fermentation and extraction of bioactive com-
pounds

The endophytic fungus was grown on potato dex-
trose agar (PDA) at 30ºC for 5-7 days depending
on growth rate. Six pieces of the grown culture cut
from the plate were inoculated into 500 ml Erlenm-
eyer flasks containing 300 ml potato dextrose broth
(PDB) and incubated at 30ºC for 3 s  at pH 5.5.
After the incubation period, the preparation of ex-
tracts from fermented broth was based on our ear-
lier standard protocol (Ramesh et al. 2014,
Subbulakshmi et al. 2012, Arivudainambi et al.
2011)

Test Microorganisms

Pseudomonas syringae (MTCC 673), Proteus
mirabilis (MTCC1429), Burkholderiaglum-
ae(MTCC8496), Moraxella bovis (MTCC 1775)
were purchased from Microbial Type Culture Col-
lection, Chandigarh, India and were used for
screening tests. The clinical strains of Staphylo-
coccus aureus (1–10) were obtained from Bose
Clinical Laboratory and X-ray (Madurai, Tamilnadu,
India). S. aureus strains were identified by stan-
dard biochemical methods (Essers andRadebold
1980, Pourshadi and Klaas 1984).

Antibiotic Susceptibility Test

The Kirby–Bauer disk diffusion test was used to
determine the antibiotic resistance of S. aureus
strains (1–10). The nutrient broth was prepared
and well-isolated colonies of the same type from a
culture agar plate were inoculated into it. The broth
was incubated at 37ºC until the culture equalled
0.5 McFarland standards. A McFarland 0.5 turbid-
ity standard corresponded to an inoculum of 1×108
CFUml-1 (Acarand Goldstein 1996). The remain-
ing procedure was done based on our earlier stan-
dard protocol (Ramesh et al. 2015, Essers &
Radebold 1980)

Antibacterial activity

For preliminary screening, the antibacterial activ-

ity was done based on our earlier standard proto-
col (Ramesh et al. 2015, Arivudainambi et al. 2011).

Statistical analysis

The triplicate data are expressed as the mean value
± standard error and presented in the form of fig-
ures. The error bars are depicted at 5% limit. The
overlapping and non-overlapping bars show no sig-
nificant and significant respectively differences
among different treatments.

RESULTS AND DISCUSSION

Totally six endophytic fungal species were isolated
from the stem samples of Araucaria sp. at the time
of isolation, they were named as SR1, SR2, SR3,
SR4, SR5 and SR6 based on morphological char-
acteristics (Fig. 2). Among the six species of fungal
endophytes, SR2 was identified as Xylaria sp. strain
SR2 based on the colony morphology and sporu-
lating structure. Traditionally, identification of fun-
gal species has been based on size, shape of
conidia and culture characteristics such as colony
colour, growth rate and texture. The remaining five
fungal isolates were not able to identify at the ge-
nus level due to insufficient spore production. So,
they named as fungal isolates of sterilia SR1, SR3,
SR4, SR5 & SR6. Among these above fungal iso-
lates, only one endophytic fungal isolates Xylaria
sp. strain SR2 was selected to further growth opti-
mization and antibacterial screening studies.

In order to obtain large quantities of mycelial
biomass, then this could be used for biological
activity. The effect of environmental factors such
as pH, temperature and culture media were
examined and the optimal conditions were
determined. The morphological characteristics of
the Xylaria sp. strain SR2 was observed on PDA
after 10 d of growth at 30°C. Growth rate is high,
5.4 - 7.2 cm/week, covering petriplate in 5 - 7 days.
Mycelial mat was white at early stage, later it was
brown to thick black coloured. Hyphae were thin
walled and branched. The morphological
characteristics of the endophytic fungal isolate SR2
was observed on PDA after 7 day of growth at 30
0C. Colonies on PDA was circular, mycelium is
raised at first at whitish colour and becoming black
with age, sometimes pale grey (Fig. 3a).Asci are 8
spored, uniseriate, cylindrical and stipitate.
Ascospores are 17.3 – 17.8 m broad, 33.1 – 33.8
m in length. Each ascospore is ellipsoid,
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Microorganisms Used  Zone of Inhibition (mm)

Pseudomonas  fluroescus (MTCC103)  12.2 ±0.25

Pseudomonas  syrirgae  

(MTCC 673)  
11.3 ±0.02

Proteus mirabilis  

(MTCC 1429)  
11.2 ±0.15

Burkholderiaglumae  

(MTCC 8496)  
10.2 ±0.11

Moraxella bovis  

(MTCC 1775)  
10.4 ±0.23

Table 1: Antibacterial activities of ethyl acetate extract of Xylaria
sp. SR2 against bacterial pathogens

MTCC: Microbial Type Culture Collection

inequilateral to broad, dark brown, unicellular,
smooth, germ slit conspicuous, straight and
running full length of spore( Fig 3b). The
morphological characters of this fungal isolates was
identical with X. angulosa (AB274814) growing in
soil (Rogers et al. 1987). On the other hand, many
species of Xylaria are actively growing in decaying
wood of angiosperms and are known to be saprobic
(Rogers et al. 2005). The genus Xylaria was
classified in the family xylariaceae of the class of
Pyrenomycetes. The Xylariaceae is a large and
relatively well known family, which is the
representative of Ascomycete in most countries.

The effect of initial pH on the radial growth of Xylaria
isolates was studied at pH ranging from 4.0 to 8.0
in PDA medium for 7 d. the maximum radial growths
of 4.8. cm was obtained at pH 5.5, whereas, the

moderate radial growth was observed at pH 5 and
6.0. At pH 8.0, there was no fungal growth (Fig. 4).
Earlier reports revealed that many kinds of fungi
grow at acidic pH optima (Ramesh et al. 2014, Kim
et al. 2005, Shu and Lung 2004). The radial growth
of Xylaria sp. Strain SR2 was investigated at vari-
ous temperatures (10°C to 35°C) in PDA plates at
pH 5.5. The radial growth of the mycelium was mea-
sured after 7 days of incubation. The influences of
temperature on the radial growth of fungal isolates
were presented in the Fig 5. The maximum radial
growth of 3.5 cm was observed at 30°C in Xylaria
sp. Strain SR2. Here the influence of the days are
directly proportional the radial growth of fungal iso-
lates. The results indicated that the optimum tem-

perature for maximal radial growth was 30°C. This
observation was comparable to the growth of many
other kinds of fungal species in various regions
(Bae et al. 2000, Kim et al. 2003). Similarly, this
present results seem to be consistent with other
reports in which the optimal temperature for fungal
growth was 20ºC to 30ºC ( Lee et al., 2004, Lai et
al. 2014).

To study the effect of culture media on biomass
production, three different culture media were
used. The fungal isolates were grown in MEB,
PDYEB, PDB and basal growth medium of pH 5.5
at 30°C for a period of 10, 20, 30 and 40 day. The
maximum biomass production of 1.8 g/l was ob-
served on PDB over a period of 40 d at pH 5.5 &
temperatures 30°C (Fig. 6). Likewise, Arivudaina-
mbiet al. (2011) reported that the maximum biom-

S.  aureus

 Zone of inhibition (mm)

Penicillin 
(10 uits/mL) 

Methicillin 
(10 μg/mL) 

Vancomycin 
(30 μg/mL) 

Ethyl acetate extract 
of  Xylariasp. SR2 

Strain 1 12.8 ± 0.15  (R) 10.8 ± 0.14 (R) 16.5 ± 0.08 (S) 18.3±0.21 

Strain 2 12.8 ± 0.14  (R) 11.2 ± 0.31  R)  15.4 ± 0.28  S) 19.6±0.11 

Strain 3 14.2 ± 0.28 (R) 12.1 ± 0.16 (R) 16.0 ± 0.22 (S) 15.2±0.12 

Strain 4 11.5 ± 0.35 (R) 10.2 ± 0.31 (R) 17.2 ± 0.14 (S) 16.1±0.11 

Strain 5 10.8 ± 0.14  (R) 8.9 ± 0.22 (R) 18.5 ± 0.28 (S) 20.4±0.06 

Strain 6 10.3 ± 0.15 (R) 9.5 ± 0.35 (R) 12.4 ± 0.35 (R) 23.0±0.13 

Strain 7 13.8 ± 0.16 (R) 15.5 ± 0.07 (S) 16.9 ± 0.14 (S) 18.4±0.11 

Strain 8 10.5 ± 0.23 (R) 8.8 ± 0.14 (R) 13.5 ± 0.21 (R) 17.7±0.13 

Strain 9 14.0 ± 0.21 (R) 12.2 ± 0.10 (R) 14.8 ± 0.22 (R) 18.4±0.12 
 Strain 10 14.9 ± 0.1 (R) 8.9 ± 0.18 (R) 17.4 ± 0.35 (S) 16.6±0.32 

Table 2:  Antibacterial activities of ethyl acetate extract of Xylariasp. SR2 against drug resistant Staphylococcus aureus strains

R: Resistant, S: Sensitive
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ass of 1.9 g/l produced by the endophytic fungus
Collectotrichum gloeos porioides VN1 was studied
in PDB at pH 5.5 for a period 28 d. On the contrary,
Bilay et al. (2000) reported that Ganoderma
lucidum had a slow growth rate in PDB medium,
whereas there was a significant fungal biomass
production in basal medium. Similarly, the maximum
fungal biomass production of Ganoderma species
was observed in basal medium (Roberts 2004).

For the preparation of extract, the endophytic fun-
gus Xylaria sp. strain SR2 was grown in PDB at pH

5.5 for 35 d. After that, the culture filtrate was ex-
tracted with various solvents such as hexane, ethyl
acetate and methanol. The mycelium was dried and
extracted with various solvents. The mycelium ex-
tract was also combined with the culture filtrate ex-
tract. After extraction the solvents were concen-
trated by using rotary vacuum evaporator. The
dried extracts were dissolved in DMSO and stored
at 40C for studying antibacterial activity.

Fig. 1 :  Araucaria heterophylla.

Fig. 2 : Colony morphology of endophytic fungal isolates from
Araucaria heterophylla

Fig. 3 :(a) Cultural morphology on PDA plate (a) and ascospores
(b) of Xylaria sp. strain SR2

(a)
(b)

Fig. 4 : Effect of various pH (ranging from4 to 8) on radial growth
Xylaria sp.Strain SR2

Fig. 5 : Effect of various temperatures ( ranging from 100C to 350C)
radial growth Xylaria sp. strain SR2

Fig. 6 : Effect of various culture media on fungal biomass produc-
tion of Xylaria sp. strain SR2
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The accelerating haunt for new antimicrobial drugs
to provide assistance in medical community to com-
bat drug resistance microorganism, the appearance
of life-threatening bacteria, and the tremendous
increase in the incidence of fungal infections in the
world’s population. So far, many pharmaceutical,
novel and bioactive natural products with unique
health enhancing properties have been identified
from fungal species and distributed worldwide
(Cairney 1999). The antimicrobial activity of the
extract of Xylaria sp. strain SR2 against five bacte-
rial strains was investigated by agar well method.
The results showed that ethyl acetate extract
showed significant antibacterial activity against all
the tested bacterial pathogens. The Ethyl acetate
extract of Xylaria sp. strain SR2 produced the maxi-
mum inhibition zone of 11.3 mm against Pseudomo-
nas syrirgae, 11.2 mm against Proteus mirabilis,
10.4 mm against Moraxella bovis and 10.2 mm
against Burkholderia glumae (Table 1). However,
the methanol extract had low inhibitory effect
against all the tested organisms. The observed
inhibitory effect is in line with the report of
Phongpaichit et al. (2006) who worked on the anti-
microbial metabolites in Xylaria sp. Similarly,
Ramesh et al. (2012, 2012a, 2015) reported that
the crude extract of Xylariaspp. exhibited signifi-
cant antimicrobial activities against human bacte-
rial and fungal pathogens as well as drug resistant
bacterial pathogens. Moreover, recently Devaraju
et al. (2020) studied the antimicrobial potential of
culture broth of Xylaria sp. FPL-25 exhibited broad-
spectrum antimicrobial activity against human bac-
terial and fungal pathogens by bioactivity guided
fractionation using bioautography and chromatog-
raphy.

Further the ethyl acetate extract was only taken
for antibacterial activity against multidrug resistant
bacterial strains based on the results of earlier pre-
liminary antimicrobial screening. Among the drug
resistant bacteria, methicillin resistant S. aureus
(MRSA) gained much attention in the last couple
of decades (Ramesh et al. 2015). Hence, the emer-
gence of the MRSA strain possesses a substantial
threat to public health. So we have chosen this
multidrug resistant S. aureus for further antibacte-
rial bioactivity and obtained from Bose Clinical
Laboratory and X-ray (Madurai, Tamilnadu, India).
The identification and antibiotic resistant profile of
clinical strains of S. aureus (1–10) were done and
reported earlier (Phongpaichit et al. 2006, Ramesh
et al. 2015, Arivudainambi et al. 2011).  The ethyl

acetate extract showed significant inhibition zone
of 23.0 mm and 20.4 mm against S. aureus strains
6 and 5, respectively (Table 2). Whereas the mod-
erate inhibition zone of 19.6 mm and 18.4 mm were
observed against S. aureus strain 2 and 9, respec-
tively. This kind of observation was lined with the
activity of macro fungal extract of Xylaria spp.
(Ramesh et al. 2012, 2015). Similarly, Elias Luciana
et al. (2018) isolated endophytic fungal isolates of
Xylaria spp. from leaves the of guarana plant. They
also reported that the fungistatic activity of that
endophytic Xylaria spp. against the plant patho-
gen Colletotrichum gloeosporioides. Moreover,
Mohd Adnan (2018) also reported that the antibac-
terial activity of Xylaria sp. aginst Staphylococcus
aureus.

In conclusion, this is the study which is revealing
the medicinal importance of endophytic Xylaria sp.
strain SR2 in terms of antibacterial activity against
drug resistant S. aures. Therefore, the extract of
Xylaria sp. strain SR2 may have potential use in
the future as an effective antimicrobial solution, in
the form of the treatment for S. aureus associated
infectious diseases. Further results are required,
the active chemical nature studies to prove the au-
thenticity of its bacterial activity and its potential
use.
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