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Abstract

The effect of incorporating plant extract in the culture medium on anti-MRSA activity of Lasiodiplodia
pseudotheobromae IBRL 0S-64, was investigated in the present study. On disk diffusion assay, the ethyl
acetate fungal extract from culture medium supplemented with host plant extract (HPE) of Ocimum
sanctum leaves demonstrated good anti-MRSA activity with a diameter inhibition zone of 22.610.6
mm. Meanwhile, the minimal inhibition concentration (MIC) values of the extract from YES broth and
YES broth incorporated with HPE were 1000 pg/mL and 250 pg/mL, respectively. The MBC values were
8000 pg/mL and 500 pg/mL, respectively. The YES + HPE extracts exerted bactericidal effect against
the test bacteria since the MBC/MIC ratio was less than or equal to 4. The time-kill study revealed a
90% of growth reduction of MRSA ATCC 33591 after 16 h exposure to the fungal extract cultured in
YES + HPE. Ironically, for fungal extract grown in YES broth, time-kill curve showed a regrowth pattern
of bacterial cells after 24 h exposed to the extract. Therefore, the present study suggested that the
addition of HPE in the culture medium could enhance the anti-MRSA activity of endophytic fungus, L.
pseudotheobromae IBRL 0S-64 against MRSA ATCC 33591.
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INTRODUCTION

The search of a new antibiotic agent is a
need due to the emergence of multidrug resistant
strains. Staphylococcus aureus is one of Gram-
negative bacteria that demonstrated antimicrobial
resistance which is a major global health concern
and the strain could cause a wide range of
infections including soft tissue, bone, joints, skin
and infections associated with prosthetic devices
and indwelling catheters®. MRSA is a strain that
has been initially described in 1960s can cause
potentially fatal diseases such as endocarditis,
severe sepsis, pneumonia and toxinoses including
toxic shock syndrome?. Persistent bacteremia
caused by MRSA is a significant cause of mortality
and morbidity3.

Due to emergence of multi drug resistant
strains, the search of new potential antimicrobial
source is a need. To date, the discovery of bioactive
substances is mainly focused on microorganisms
of soil origin. However, Guo et al® reported
there are rapid decrease in the discovery for
new sources of microbial secondary metabolite
with new pharmaceutical properties. Nowadays,
endophytes have been used as alternative source
for bioactive compound production due to their
potential benefits. Endophytes can be defined
as microorganism that resided in the plant cells
without cause any negative effects to their host®.
According to Strobel and Daisy®, the abundance
of endophytes with more than one million
species that occupy a unique biotope made them
a great choice in study of natural products and
subsequently avoids replication in research. Zhang
et al’ stated that endophytic fungi could produce a
large number of bioactive compounds as compared
to other microorganisms. Besides that, fungal
endophytes can produce bioactive substances
mimicking their host such as production of taxol
by Taxomyces andreanae®. Many previous studies
reported the potential of endophytic fungi as a
source of natural antibiotic drugs. For instance,
Hussain et al° reported the potential of endophytic
fungus identified as Phoma sp. that has been
isolated from Fucus serratus as antimicrobial drug.
Their study revealed that three compounds had
successfully isolated from fungal extract such as
emodin, (3R)-5-hydroxymellein and phomalacton
exhibited a good antimicrobial activity against
several bacteria including Bacillus megaterium.

Lasiodiplodia pseudotheobromae
is a well-known plant pathogen from family
Botryosphaeriaceae that frequently infected
grapevine, persimmon, woody plants and mango.
It can cause several symptoms to the infected
plant including cluster/fruit dropping?®, cankers'?,
pedicel/peduncle discoloration??, fruit rot** and
dieback!. This strain was reported to possess
several biological activities including proteolytic,
fibrinolytic®®, cytotoxic'® and antibacterial'’
activities. However, the information regarding on
bioactive compounds and biological activities of
L. pseudotheobromae is very scarce.

The production of antimicrobial
substances by endophytes can be enhanced
by optimization of fermentation conditions,
gene modifications, enzymes inductions and
mixed culture fermentation!®. Mutualistic
and symbiotic relationships between plant-
associated endophytes offers several benefits
and advantages to their host plant and vice-versa.
Fungal endophytes can prevent their host from
desiccation, helping greater access to nutrients,
formulating hormone such as auxin, inhibiting
plant pathogenic fungi and preventing from
harsh environments®®2°, In return, their hosts
provide them with space, shelter, and also growth
nutrients. Episymbiotic fungi modify their host
plant tissue due to nutrients acquirement and
epidermal cell of the host leaf that is lacking of
waxy cuticle and hypertrophied in order to prevent
escape of nutrient and water?’. In cultivation of
endophytic fungi, the culture supplemented with
HPE able to increase their antimicrobial potential
since the addition of host plant provided growth
substances and needed nutrients to biosynthesize
the cellular components and hence induce the
production of secondary metabolites?. Similarly,
Gogoi et al?® also postulated the supplement of
host plant water extract into culture medium
is crucial to enhance production of secondary
metabolite production by fungal endophytes.
Hence, the present study aimes to examine the
effect of HPE incorporated in culture medium in
enhancing anti-MRSA activity of an endophytic
fungus isolated from medicinal plant.

MATERIALS AND METHODS
Microbial cultures
The fungal culture, Lasiodiplodia
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pseudotheobromae IBRL OS-64 was deposited at
the IBRL, School of Biological Sciences, Universiti
Sains Malaysia, Penang, Malaysia. The fungal
culture was grown on potato dextrose agar
supplemented with fine powdered host plant
(2 g/L). The test bacterium, MRSA ATCC 33591
culture (from clinical source) was grown on blood
agar (BA) and inversely incubated for 24 hours at
37°C. Microbial cultures were then keptin a chiller
at 4°C due to further use.
Preparation of bacterial suspension

The suspension was performed by taking
single colonies from 24 —h-old bacterial culture
and introduced them into 5 mL sterile saline
(0.85%, w/v). The turbidity was adjusted using 0.5
McFarland standards to obtain approximately 1 x
108 CFU/mL of the bacterial suspension.
Preparation of host plant extract

Host plant extract was prepared by boiling
5 g of host plant powder in 1000 mL distilled water
for 30 min. Prior to that, Ocimum sanctum leaves
were dried under sunlight until constant weight
achieved. The dried leaves were ground using a
dry mill blender (Panasonic, Dry Mill MX-EX1081)
to obtain fine leaf powder.
Culture medium, fermentation, and extraction

Yeast extract sucrose (YES) broth was
done by employing procedures described by Taufiq
and Darah?. Two types of YES broth used in the
present study, YES broth incorporated with host
plant extract and YES broth. The fermentation
and extraction process were employed methods
described by Taufiq and Darah?.
Disk diffusion assay

Antibacterial activity of the endophytic
fungal extracts was determined following the
method described by CLSI*®. Five percent of ethyl
acetate and 30 ug/mL of chloramphenicol were
used as negative and positive controls, respectively.
Formation of inhibition zone surrounding the disc
was observed and measured. The experiments
were performed in triplicates.
Determination of Minimal Inhibitory
Concentration (MIC) and Minimal Bactericidal
Concentration (MBC) values

The MIC and MBC values of the extract
were determined following the method described
by CLSI?® in a sterile U-shaped microtiter plate. A
p-iodonitrotetrazolium violet (INT) solution was
used as a growth indicator. MIC value of the extract

was the lowest dilution of the extract showing
no bacterial growth (indicating by INT color).
Meanwhile, the lowest concentration of the MIC
well with no visible of bacterial growth on MHA
was recorded as the MBC value of the extract.
Time-kill study

The time-kill study was employed to
determine the efficacy of the fungal extracts
towards test bacterium according to methods
described by Taufiq and Darah?.. Four types of
treatments used in the study viz. Chloramphenicol
(30 pg/mL), YES + HPE extract (250 pug/mL), YES
extract (1000ug/mL), and control. A time-Kkill
graph (log,, CFU/mL vs. time) was constructed for
each fungal extract concentrations and control. At
the meantime, the time needed to eliminate the
growth of bacterial cells at 50%, 90% 99% and
99.9% was determined.

Thin layer chromatography (TLC)

TLC was purposely done to separate
the bioactive fungal crude extract by following
method described by Kagan and Flythe?. The
square pieces of 2 cm x 11 cm aluminium- backed
thin layer chromatography (TLC) plates were cut
accordingly using a sharp penknife. Following
that, the plates were lightly drawn using a pencil
to horizontally mark the baseline of the spots at
a distance of 1.0 cm of the lower edge of the TLC
plate. An aliquot of the ethyl acetate partitioned
extract that has been re-dissolved with methanol
was dipped using a capillary glass tube and then
spotted on the middle point of the horizontal line
of the silica plate. The silica plate with the spots
was allowed to dry in a moving air stream and the
solvents were allowed to run until it reaches 0.5
cm from the top of TLC plate.

Contact agar diffusion bioautography assay

Contact agar diffusion bioautography
was performed by employing method described
by Dewanjee et al?®. The TLC plate that was
previously developed was placed on the surface
of the Mueller-Hinton agar (MHA) and left
overnight in a fridge at 4°C to allow the diffusion
of developed compound to the agar. The plate was
then inoculated with test bacteria after removing
the TLC chromatogram on the agar surface. The
final concentration of the bacterial inoculum was
set to 5 x 10° CFU/mL with the volume of MHA
was 20 mL per plate. The agar plates were then
incubated in an inverted condition for 24 hours at
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37°C. The bacterial growth inhibition appeared as
clear zones around the active spot was observed
and recorded. To conduct phytochemical analysis,
the previously developed TLC plate was fumigated
with iodine crystals vapour in a closed container
and the brown spot indicates the presence of
lactone?®. On the other hand, another newly
developed TLC plate was sprayed 1% aqueous
ferric chloride (FeCl,). Appearance of green, black,
blue and purple colours indicated the presence of
phenol®.
Statistical analysis

The experimental data were recorded in
triplicates and analysed by means of the One-way
ANOVA using SPSS 15.0. Duncan’s test was used
to access the differences between means. If p
value less than 0.05, the results were considered
statistically significant.

RESULTS AND DISCUSSION

Disk diffusion has been the main
procedures for antimicrobial susceptibility testing
in the microbiological laboratories since Bauer
Kirby first discovered the methods in the 1960s3.
According to Coorevits et al*?, this method has
many advantages including the possibility of
executing direct susceptibility testing, flexible,
cheap, and allows the visibility of growth, mixed
cultures, and correct inoculum. However, the
depth of culture medium and the diffusion rate of
the extract could affect the susceptibility towards
test microorganisms®. This assay was employed
in the present study to access anti-MRSA activity
of fungal extracts from fermentative broth and
fungal biomass that fermented in YES broth and
YES broth + HPE. The study was carried out to
prove the addition of HPE in culture medium could
increase the production of bioactive substances
with anti-MRSA activity by endophytic fungus since

Taufig and Darah?* reported that the improvement
of cultural conditions such as the addition of the
HPE in culture media could enhance anti-MRSA
activity.

Table 1 shows anti-MRSA activity of
the extracts on the disk diffusion assay. Ethyl
acetate extract of the culture medium nourished
with HPE (from fermentative broth) showed a
higher inhibition zone with a value of 22.6+0.6
mm. Meanwhile, ethyl acetate extract of culture
medium without addition of HPE showed an
inhibition zone with a diameter of 8.4+0.8 mm.
The finding revealed the addition of the HPE
into the culture medium significantly increased
the anti-MRSA activity of endophytic fungus, L.
pseudotheobromae. This phenomenon might
because of the role of certain host’s compounds as
precursors for the certain secondary metabolite’s
synthesis by fungal endophytes?. Besides, the
endophytic fungi produce certain antimicrobial
metabolites due to mutualistic interaction with
their host, whereby they will utilize some of
the host’s nutrients?*. Over the long period of
evolution, the mutual relationship between
endophytic fungi and their host plants could
exploit certain effects on the formulation of the
bioactive substances that can benefits humans®.
However, none of the ethyl acetate extracts
prepared from the fungal biomass demonstrated
anti-MRSA activity for both culture media. The
finding was in parallel with Ibrahim et al*®* who
studied the anti-fungal activity of an endophytic
fungus, Aspergillus flavus in which no activity
demonstrated by an extract from fungal biomass.
The present study suggested that the secondary
metabolites by Lasiodiplodia pseudotheobromae
IBRL OS-64 were secreted extracellularly into
the fermentative broth. However, the anti-MRSA
activity for both fungal extracts were significantly

Table 1. Anti-MRSA activity of fungal extracts on disc diffusion assay

Test bacterium

Diameter of inhibition zone (mm + SD)

Fungal biomass

Fermentative broth

Control

YES YES + HPE YES

YES + HPE Chloramphenicol

MRSA 8.4+0.8°

22.6+0.6° 29.8+1.0°

Notes: YES: yeast extract sucrose broth, HPE: host plant extract, different superscript shows the mean of each dataset was

significantly different.
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Table 2. Minimal inhibition concentration (MIC) and
Minimal bactericidal concentration (MBC) values of
the extracts against MRSA ATCC33591

Culture MIC MBC Ratio
media (ug/mL)  (ug/mL)

YES 1000 8000 8
YES + HPE 250 500 2

Notes: YES: yeast extract sucrose broth, HPE: host plant extract

lower than the control, chloramphenicol. This
phenomenon might be due to the purity of the
bioactive compounds in which the fungal crude
extracts consist of mixture compounds compared
to pure compounds in standard antimicrobial
drugs®.

Microdilution broth assay was performed
to access the efficiency of the fungal extracts
against MRSA. Table 2 shows the MIC and MBC
values of the extracts against MRSA. For culture
medium supplemented with HPE, the values
of MIC and MBC of the fungal extract were
250 and 500 pg/mL, respectively. The fungal
extract showed a bactericidal activity against
MRSA since the MBC value was only 2-fold
higher than its MIC. According to Krishnan et

10

Viable cell counts (log CFU/mL)

al®, antimicrobial substances are considered as
bactericidal agents if the ratio MBC/MIC was less
or equal to 4. On the other hand, the MIC value
of the fungal extract prepared from the culture
medium without HPE was 1000 pg/mL whilst,
its MBC was 8000 pg/mL. The finding indicated
that the ratio of MBC/MIC of the fungal extract
was 8-fold, which considered as a bacteriostatic
agent. Hossan et al*® reported that antimicrobial
extracts are categorized as a bacteriostatic when
the ratio MBC/MIC was higher than 4. For both
culture media, MIC was significantly lower than
MBC values showing that the fungal extract
concentration needs to be significantly higher
to kill and eliminate the MRSA cells rather than
inhibiting them. This finding also suggested that
the broth microdilution assay is useful tool to
evaluate the efficiency and susceptibility of test
bacteria towards the fungal extract. Therefore,
the present study provides strong manifest that
the culture medium incorporated with HPE is
significantly increased the anti-MRSA activity of
Lasiodiplodia pseudotheobromae.

Time-kill assays were frequently
performed by researchers to study the
pharmacodynamics of the antibiotics since this
method providing information regarding the killing

12

16 20 24

28 32 36 40

Time (hour)

=@ = Chloramphenicol

== ce= YES broth + HPE

e=¢ *YES broth === Control

Fig. 1. Time-kill curve of chloramphenicol and various extracts against MRSA ATCC33591. Notes: YES: yeast extract

sucrose, HPE: host plant extract.
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Table 3. The time to achieve 50, 90, 99, and 99.9% growth reduction in initials inoculum of MRSA ATCC33591

Percentage of Time (hour)

reduction (%) Control  YES broth YES broth + Chloramphenicol
HPE

50 NR 16 -20 4-8 0-4

90 NR 20-24 16 -20 4-8

99 NR NR 24 -28 16 -20

99.9 NR NR 32-36 20-24

Key: NR = not reached

rate of different concentrations of the antibiotics
either time-dependent or dose-dependent
bactericidal activities®®. The present study
employed this assay since Tam et al* reported
that the time-Kkill curves are ordinary used by
researchers to investigate and determine new
antimicrobial agents since the method are eco-
friendly and easy to handle. Fig. 1 demonstrates
the time-kill curve of chloramphenicol and fungal
extracts against the growth of MRSA. In general,
the control showed the typical bacterial growth
curve with slow growth at the lag phase and the
rapid growth of the bacterial cells was observed
at the exponential phase. MRSA growth maintains
at a stationary phase and then the viable cell
counts of bacterial cells were slightly dropped
thereafter which is at the death phase. For YES
broth extract, the viable cell counts for MRSA
was slightly decreased after 4 hours of cultivation
period and the bacterial growth was constantly
decline until 24 hours of the cultivation time with
number of bacterial cell of 3.4 x 10* CFU/mL. Then,
the bacterial growth was observed to be increased
thereafter and afterward reached viable cell counts
almost mirroring the control. The emergence of
resistance cells indicated the YES broth extract
was not showed a bactericidal activity on MRSA
even at the MIC level of extract concentration since
the cell reduction was less than 3 log 10 CFU/mL.
This phenomenon may be due to the emergence
of the persistent cell since Li et al** reported
that persistence happens in a subpopulation of
bacterial cells that are not killed by the antibiotic
and thus, the heterogeneous response is repeated
when they are exposed to the same antibiotic. In
the meantime, the bacteria have slower growth
rate than most of the population or known as time-
dependent persistence. Therefore, the mechanism

of time-dependent persistence associated with
the growth tolerance could slow down the killing
process by the antibiotic. Besides, the formation
of biofilm also facilitated the emergence of
resistant cells that leads to bacterial regrowth.
Dakheel et al*® reported that MRSA strains able
to develop biofilm by releasing extracellular DNA
(eDNA) as its important part of biofilm structure
and the eDNA could enhance the biofilm stability
as well as its resistance to antibiotics. According
to Sharma et al*, biofilm is a complex structure
containing different bacterial colonies embedded
in extracellular polymeric substances (EPS)
composed of polysaccharides, protein, and eDNA
that showed high resistance to antimicrobial
agents. On the other hand, a stagnant growth of
the bacterial cells was observed after treated with
the extract prepared from YES broth nourished
with HPE at the MIC level. However, the growth
of MRSA was drastically reduced after 24 h of the
cultivation time with the bacterial cell numbers
of 2.8 x 10* CFU/mL. A declining throughout the
incubation period was observed thereafter until it
reached 44 hours where almost all the bacterial
cells were killed. This finding revealed that the
ethyl acetate extract of the endophytic fungal
isolate prepared from YES broth supplemented
with HPE has strong bactericidal activity towards
MRSA. Following that, with the addition of

Table 4. Number of spots on TLC plate for different
extracts

Extracts Number of spots
Visible Long Short
light wave wave
YES broth 0 4 5
YES broth + HPE 1 7 9
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Table 5. Anti-MRSA activity of different spots on TLC observed under short wave UV light

YES + HPE extract

YES extract

Spots R,value  Diameter of inhibition ~ Spots R,value  Diameter of inhibition
zone (mm % SD) zone (mm % SD)

1 0.0706 - 1 0.0652 -

2 0.1882 - 2 0.2990 9.8+1.2

3 0.2941 8.2+0.6 3 0.4198

4 0.3529 4 0.5212 -

5 0.4235 - 5 0.6499 -

6 0.5294 - -

7 0.5882 19.6 £ 0.9 -

8 0.6471 - -

9 0.7056 - -

standard drug chloramphenicol, the viable cell
counts was gradually reduced from the 0 tol6™
hour of cultivation time. The bacterial growth
graph exhibited a steep decrease in number of
bacterial cells thereafter and all the MRSA cells
were eliminated after 28 hours of treatment
without regrowth of bacteria cell observed. The
present study revealed the time-kill study is useful
for assessing bactericidal effect of the extract
by providing dynamic information between test
bacteria and drug.

Table 4 shows the number of spots
on TLC plate for both extracts. The TLC results
demonstrated a highest number of spots were
obtained from ethyl acetate crude extract prepared
from YES culture medium containing the HPE. The
results revealed that one spot can be observed
under a visible light, seven spots under UV light-
long wave (200 nm), and nine spots under UV light-
short wave (300 mm). On the other hand, only four
spots under UV light-long wave (200 nm) and five
spots under UV light-short wave (300 mm) were
observed on TLC plate of fungal extract prepared
from YES broth. The findings revealed the number
of spots was higher in the extract prepared from
culture medium incorporating the HPE compared
to YES broth alone. This discovery revealed that
the culture medium with the presence of host
plant could significantly improve the production of
secondary metabolites by L. pseudotheobromae.
The present finding agreed with Salehi et al*®
who revealed the culture medium nourished
with Corylus avellana extract could enhanced
paclitaxel production of Epicoccum nigrum YEF2

and its growth too. The present results confirm the
previous study conducted by Taufig and Darah“®.

Bioautography is a useful common
procedure for the detection and separation of
the active antimicrobial agents in a mixture of
compounds and this assay is popular amongst
researchers as its flexibility, easy to conduct,
low cost and high throughput*. Bioautographic
methods combine in situ determination of
microbial growth and chromatographic separation.
To screen antimicrobial substances on the TLC
plate, three different approaches have been
introduced such as immersion, direct and contact
bioautography®. In a contact bioautography,
antimicrobial substances on the TLC were placed
on the fresh agar that are previously seeded with
test microorganisms and this method sometimes
not working due to insoluble samples and different
diffusion rate from the chromatogram to the agar®.
On the other hand, the direct bioautography was
performed by spaying with or immersing into
suspensions of test microorganism that previously
growing in the suitable broth and this technique
required a lot of attention during manipulation
with test microorganisms*. The immersion or
also known as agar overlay assay was frequently
used by researchers whereby the chromatogram
is covered with a molten-seeded agar and this
procedure is a combination of the direct and
contact bioautography®. Table 5 demonstrates
anti-MRSA activity of different spots on the TLC
plate observed under short wave UV light for both
extracts. The results revealed that two out of nine
spots observed on the TLC plate spotted with YES
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] Spot 7, Re = 0.5882

Fig. 2. Anti-MRSA activity of spot 7 of crude extract prepared from YES culture containing host plant extract on

TLC plate.

+ HPE extract exerted antibacterial effect towards
the test bacterium. Both spots with R, values of
0.2941 (Spot 3) and 0.5882 (Spot 7) exhibited anti-
MRSA activity with the diameter of inhibition zone
of 8.2 +0.6 and 19.6 £ 0.9 mm, respectively. Fig. 2
shows the effect of the ethyl acetate extract (that
previously prepared from YES culture nourished
with HPE ) on spot 7 against MRSA on agar diffusion
bioautography assay. On the other hand, for the
extract prepared from the YES culture, only one
out of five spots showed antibacterial activity
against MRSA with the diameter of inhibition
zone of 9.8 + 1.2 mm. Besides that, spot 3 from
YES + HPE extract and spot 2 from YES extract
probably the same compound since they shared
almost the same R, value with mild antibacterial
activity. The findings revealed that the partially
purified YES + HPE extract had greater anti-
MRSA activity compared to partially purified YES
extract and this might be due to the synergistic
or combined effect of two spots. However, the
activity of partially purified extract was slightly
decreased compared to the crude extract on disk
diffusion assay. According to Soltanian et al*,
the crude extract was more efficient compared
to its fraction due to a synergistic effect by a
combination of mycochemical constituents.
Besides that, the efficacy of natural drugs is
influenced by the synergistic effects of several
phytochemical substances rather than a single
compound®l. Moreover, Ginsburg and Deharo et

al*? stated that the additive effect happened by
the combination of different bioactive compounds
and interaction among these substances in a
mixture exhibit similar effect to a single compound
whereas synergistic effect occurred when the
combination of several bioactive substances
could demonstrate greater effect than a single
compound. Furthermore, the mild anti-MRSA
activity of YES extract might be contributed by only
spot 2. The antibacterial activity of the partially
purified extract was slightly increase compared to
the result of crude fungal extract observed on the
disk diffusion assay and this might be due to purity
of active compound. Thus, the present finding
revealed that the fractionation of the crude extract
can improve its antibacterial activity against test
bacteria. On the other hand, the finding revealed
that the culture medium nourished with host
plant extract could induce the formulation of the
other bioactive substances by fungal endophytes
with antimicrobial activity. The result agreed
with the previous study that reported that the
endophytic fungal isolate, Phomopsis sp. ED2
was produced only secondary metabolite with
anti-candidal activity when inoculated in the
culture medium incorporating with host plant
extract®. This phenomenon demonstrates that
fungal endophytes utilizing the nutrients or
certain substances provided by their host plant
to formulate several compounds that may benefit
both.
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The TLC plate was subjected to UV light
for photochemical analysis of spots with anti-MRSA
activity. For partially purified extract from YES
broth, the black spot (under UV light) at R value of
0.2990 was subjected to ferric chloride (FeCl,) test.
A blue color appears on the TLC plate indicated
the presence of phenol. Similar observation also
recorded for partially purified extract from YES
broth supplemented with HPE at R, value 0.2941.
Both spots may the same compounds since they
shared almost similar R values. Many previous
studies reported the capability of phenol as
antibacterial agents. For instance, Mace et al*
reported two phenolic compounds demonstrated
a significant inhibitory activity against three
different strains of Streptococcus pyogenes with
MIC and MBC values in between 0.39 to 6.25 pg/
mLand 100 to > 100 pug/mL, respectively. Besides,
Alves et al®® stated that 2,4-dihydroxybenzoic
and p-coumaric acids, the phenolic compounds
exhibited anti-MRSA activity with MIC values
between 0.5 mg/mL to 1.0 mg/mL. On the other
hand, the developed TLC plate of YES + HPE extract
with dark spot (R value of 0.5882) was fumigated
with iodine crystals vapor in a closed container and
a brown spot was observed indicates the presence
of lactone. Previous studies reported the potent
of lactone as antibacterial agents. Koyama et al*®
reported the new lactone compound, albocycline
isolated from Streptomyces sp. (fermentative
broth), exhibited inhibitory effect towards MRSA.
They also revealed that the compound able to
inhibit biosynthesis of the cell wall’s peptidoglycan
of Staphylococcus aureus. Besides, Choudhary
et al*” reported that the newly identified lactone
compound demonstrated significant antifungal
and antibacterial activities against test fungus and
bacterium Pyricularia oryzae and Bacillus subtilis,
respectively. Meanwhile, Fluctuanin showed the
highest inhibitory effect towards Bacillus subtilis
compared to other sesquiterpene lactones.

CONCLUSION

The present study shows that an
endophytic fungus isolated from medicinal herb,
Ocimum sanctum has antibacterial especially
anti-MRSA properties. The study revealed that by
incorporating the culture medium with host plant
extract, the inhibitory effect against MRSA could be
enhanced. The discovery is a crucial milestone for

further studies regarding mutualistic relationship
between fungal endophytes and their hosts as well
as their potency in the formulation of bioactive
compounds with pharmaceutical properties.
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