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ABSTRACT

Microorganisms are a reservoir of novel secondary metabolites.
More number of metabolites produced fungal endophytes
compare to other endophytic microorganism class. In the
present study, the fruiting body extracts of Phomopsis sp were
obtained using methanol, diethyl ether and ethanol. Among
them, the diethyl ether extract highly inhibit the bacterial and
fungal pathogens growth. Based on the effective antimicrobial
activity, the crude acetate extract was partially purified by
column chromatography. All the fractions were tested for
antibacterial activity against drug-resistant Staphylococcus
aureus strains and Pseudomonas aeruginosa strains. The
extract showed a maximum inhibition zone of 26.5 mm against
drug resistant S. aureus and 30.3 mm against drug resistant P.
aeruginosa. Minimal inhibitory concentration of extract was
found to be 50pg/ml against S. aureus and P. aeruginosa.
Further, the extract had significant spectral data of the extract
exhibited C=0, C-C=C asymmetric, N-H and C-O stretches in
frequencies. Thus, the results indicated that the metabolites of
Phomopsis sp are the potential active principles source for the

construction of new antibacterial and anticancer drugs.
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INTRODUCTION

Endophytes, which occupy a unique biotope with global estimation up to one million species,
are a great choice to avoid replication in the study of natural products to assist in solving not
only plant diseases but also human and animal health problems. Endophytes are chemical
synthesizers inside plants, in other words, they play a role as a selection system for microbes
to produce pharmacologically active substances with low toxicity maximum number of
natural drugs are produced by endophytes (Kaulet al., 2012). There are many pieces of
evidence that bioactive compounds produced by endophytes could be alternative approaches
for the discovery of novel drugs. Stierle et al. (1993) reported endophytic fungus as a
sustainable alternative source of taxol. Natural products are adapted to a specific function in
nature. Thus, the search for novel secondary metabolites should concentrate on organisms
that inhabit novel biotypes. Endophytic fungi inhabit a biotype that is not well studied
(Nithya and Muthumary, 2011). Endophytic microorganisms are a significant reservoir of
novel bioactive secondary metabolites including antimicrobial, antiinsect, anticancer,
antidiabetic, and immunosuppressant compounds with their great potential applications in
agriculture, medicine, and food industry (Kharwar et al., 2011). These bioactive compounds
could be mainly classified as alkaloids, terpenoids, steroids, quinones, isocoumarins, lignans,
phenylpropanoids, phenols, and lactones. World health problems caused by drug-resistant
bacteria and fungi are increasing. Approximately 4,000 secondary metabolites of fungal
origin have been described to possess biological activities. The number of secondary
metabolites produced by fungal endophytes is larger than that of any other endophytic
microorganisms (Zhang et al., 2011). Most of the natural products from endophytic fungi are
antimicrobial, anticancer agents biological control agents, immunosuppressive agents, and

other bioactive compounds by their different functional roles.
MATERIAL AND METHODS
Collection, identification and processing of fruiting bodies

The endophytic fungi phomopsis sps isolated from the soil of tropical evergreen forest of
Courtallum hills, Western Ghats, Tamilnadu, India. The fungi were grown in PDA medium.
The fungus was identified as Phomopsis sps based on the morphological characteristics and
confirmed by 18S ribosomal RNA gene sequence (Altschul et al. 1990). The 18S rRNA gene
sequencing of the fungus was done at Synergy Scientific Services, Chennai, India. Sequence
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comparisons were made using BLAST searches through the NCBI. The isolates were used to

preparation of extracts with organic solvents.
Preparation of extracts

For extraction, 200 ml of organic solvents such as methanol, diethyl ether and ethanol were
taken into a conical flask containing 20 ml of fungal extracts. This was allowed to stand for
24 h with intermittent agitation (150 rpm) and filtered through Whatman No. 1 filter paper.
The residue was then extracted with two additional treatments with 200 mL of solvent as
described above. The extracts were pooled and concentrated at 30°C and the solvent was
reduced pressure at 35°C using a rotary vacuum evaporator. The fungal extract was dissolved
in 10% dimethyl sulfoxide(DMSQ) and stored at 4°C for antimicrobial activity.

Partial purification by column chromatography

The crude fungal metabolites were mixed with silica gel to prepare the metabolite-silica gel
slurry and air-dried. A glass column was packed with silica gel up to 25 cm height and
washed with 200 ml of methanol. Then, the metabolite-silica gel slurry was loaded onto the
column and eluted initially with methanol followed by different ratios of diethyl ether
mixture by increasing polarity [9:1 to 1:9 (vv)] followed by the ethanol and methanol [9:1 to
1:9 (v&)]. About 100 ml of each solvent system was used for elution and fractions of 5 ml
each were collected. The presence of compounds was analyzed by thin-layer chromatography
(TLC) using pre-coated silica gel plate with methanol and diethyl ether at as solvent system.
Fractions showing similar spots on TLC were pooled and concentrated. The partially purified
metabolites were further fractionated using 230-400 mesh silica-gel column chromatography.
Fractions showing a similar single spot on TLC were pooled together and concentrated.
Totally six fractions were collected and each fraction was tested for preliminary in-vitro
antimicrobial activity to select the active fractions. Further, the active fraction was tested for
antibacterial activity against multidrug-resistant bacterial strains and for anticancer activity

against human cancer cell lines.
Test microorganisms

Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and

Candida albicans were purchased from IMTECH, Chandigarh, India. The clinical strains of
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S. aureus and P. aeruginosa were obtained from Alex Clinical Laboratory (Sivakasi,

Tamilnadu, India). All the isolates were maintained on nutrient agar slants at 4°C.
Antibiotic susceptibility test

The drug-resistant bacterial strains were confirmed for their identification based on gram’s
stain, catalase test, mannitol fermentation test and coagulase test. Antibiotic susceptibility
was detected by disk diffusion technique using methicillin (5 pg/disk), penicillin (10
units/disk) and vancomycin (30 pg/disk) for clinical strains of S. aureus. Ciprofloxacin (5
ng/disk), cefotaxime (30 pg/disk), ofloxacin (5 pg/disk) and amikacin (30 pg/disk) were used
for clinical strains of P. aeruginosa(Chandrasekaranetal.2009).Inoculated plates were
inverted and incubated at 37°C for 18 h. After the incubation period, the diameter of the zone
of inhibition was measured and results were interpreted according to the standards of the
Clinical and Laboratory Standards Institute (NCCLS 2008).

Antimicrobial activity

For the preliminary screening, the disk diffusion method was used to determine the
antimicrobial activity of the ethyl acetate extract of fruiting bodies of Phomopsis sps.
(Acarand Goldstein 1996). Sterile disks (6 mm) were impregnated with 10 pl of extract at a
concentration of 1 mg/ml. The media used for the antimicrobial susceptibility testing of
bacteria and fungi were muller hinton agar (MHA) and potato dextrose agar (PDA),
respectively. Tetracyclinedisk10 mgfor gram-positive bacteria, chloramphenicol disk (10
mg)for gram-negative bacteria, and nystatin disk (10 units) for fungi were used as controls.
The disks impregnated with 10% DMSO were also used to prove the absence of antimicrobial
activity of DMSO. The plates were incubated at 37°C for 18 h and 48 h for bacteria and
fungi, respectively. The diameter of the inhibition zone around each disk was measured at the
end of the incubation period. Experiments were performed in triplicate and the antimicrobial
activity was expressed as the average of inhibition zone diameters (in mm) produced by the

extract.
Determination of Minimum Inhibitory Concentration (MIC)

The MIC of ethyl acetate extracts of culture filtrate and the fruiting bodies of the fungus was
determined based on a broth microdilution method in a 96-well microplate (Al-bayati2008).

Briefly, S. aureus strains (1-10) and P. aeruginosa strains (1-8) were cultured overnight at
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37°C on Mueller hinton broth and adjusted to a final density of 108 CFU/ml by 0.5
McFarland standards. In the 96-well plate, each well had 90 ul of MH broth supplemented
with 2% NacCl, 10 pL of bacterial inoculums, and 10 pl of different concentrations of fruiting
body. The plate was incubated at 37°C for 18 h. After incubation, the bacterial growth was
visually inspected, and the lowest concentration of fungal extract at which no observable
bacterial growth or turbidity was taken as the MIC value. Each experiment was carried out in

triplicate.
Determination of minimum bactericidal concentration (MBC)

The minimum inhibitory concentration of fraction E was determined based on the broth
dilution method (Pattnaik et al. 1997). The fraction E was diluted with 10% DMSO to give
concentration of 50-500 pg/ml. 20 ul (fresh culture) of the test organism was inoculated into
1 ml of culture medium containing various concentration of the fraction E. The tubes were
incubated at 37°C for 18-24 h and the lowest concentration of inhibiting bacterial growth was

considered as MIC.
Test for bactericidal activity

In order to evaluate the bactericidal activity of the fraction E, one loop from the MIC tube
was subcultured on to the Muller hinton agar plates which were then incubated at 37°C

overnight to check whether the fraction E merely had bactericidal activity.
Morphological observation

A-549 cells (35000 cells/wel) were grown in 24-well plates and treated with fraction Eat the
concentration of 40 pg/ml and 60 pg/ml. Morphological changes of cells in both of the
treated group and control group (ethyl acetate treated-cells) were analyzed at 8 h and 24 h

under the OLYMPUS 1x71 Inverted Fluorescence microscope at 10x magnification.
RESULTS AND DISCUSSION
Morphological description and identification of the Phomopsis sps

The fruiting bodies were 3-9 cm in length, 0.5-1.5 cm in broad, growing either singly or in
groups which were emerging from partially decomposing wood with soil, black at the base.

The fruiting bodies were arisen during spring season and found in decaying wood with soil.
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Similarly, many species of Phomopsis were actively growing in decaying wood of
angiosperms and are known to be saprobic (Rogers 1979).0On the other hand, the
morphological characters of this fungal isolate were identical with X. angulosa (AB274814)
growing in soil (Rogers et al. 1987). Morphological characteristics allowed the identification
of the macro fungal isolate as Phomopsis sps. which was reinforced by the sequence of their
rRNA gene that gives a high sequence similarity to those accessible at the BLASTN of
species of Phomopsis. Gene sequences were deposited into GenBank with Accession No.
KC405623.

Antimicrobial activity of the extract of fruiting bodies

In the present investigation, hexane, ethyl acetate and methanol extracts of fruiting bodies of
Phomopsis sp. were screened for antimicrobial activity against bacterial and fungal
pathogens. The results indicated that the ethyl acetate extract showed an effective
antimicrobial activity against the growth of bacterial and fungal pathogens compared to
hexane and methanol extracts. The diethyl ether extract produced a maximum inhibition zone
of 31.7 mm against S. aureus and minimum inhibition zone of 21.3 mm against C. albicans
(Table 1). This result is similar to the findings of Ramesh et al. (2012) who reported that the
ethyl acetate extract of Phomopsis inhibited the growth of B. subtilis, S. aureus, E. coli, P.
aeruginosa and C. albicans. Similarly, essential oil isolated from Ganoderma japonicum
exhibited potent antibacterial activity against 18 pathogenic microorganisms including
bacterial and fungal species (Liu et al. 2009).

Further, the diethyl ether extract was partially purified by column chromatography and the
fractions were analyzed for antibacterial activity against multidrug resistant bacterial strains.
Among the drug resistant bacteria, methicillin resistant S. aureus (MRSA) gained much
attention in the last decades. MRSA is resistant to a large group of antibiotics called the B-
lactams, including aminoglycosides, the third and fourth generation cephalosporins, and
monolactams. Hence, the emergence of the MRSA strain possesses a substantial threat to
public health. The clinical strains of Staphylococcus aureus (1-10) were found to be positive
for various biochemical tests likes coagulase test, mannitol utilization test, DNase test and
catalase activity and the strains of P. aeruginosa (1-8) were identified based on colony
morphology, growth on CFC agar, a positive oxidase test, and growth at 42°C. The antibiotic
resistant profiles of S. aureus and P. aeruginosa strains were reported earlier (Ramesh

etal.2012). The active fraction E produced maximum inhibition zone of 27.9 mm and 27.3
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mm against S. aureus strains 3 and 5 respectively (Table 2). Similarly, Healy et al. (2004)
reported that the xanthones from the microfungus Phomopsis had an effective antibacterial
activity against Escherichia coli, Streptococcus pneumoniae, Enterococcus faecalis,
Pseudomonas aeruginosa and Staphylococcus aureus. A maximum inhibition zone of 29.4
mm and minimum inhibition zone of 19.7 mm were observed against P. aeruginosa strain 4
and 2, respectively (Table 3). Recently, Hacioglu et al.(2011) reported that the ethanol
extracts of X. polymorpha exhibited maximum inhibition zone of 13.8 mm and 12.6 mm

against S. aureus and P. aeruginosa, respectively.

The MIC of the fraction E was found to be 75 pug/ml against S. aureus strain 1 & 3 and P.
aeruginosa strain 3 (Fig. 1) and MBC value ranged between 0.2-0.6pugmL™ against all
clinical strains of S. aureus and P. aeruginosa (Fig. 2). Similarly, Zhang et al. (2009)
reported that the MIC values of pleosporane isolated from the pleosporalean ascomycete
ranged from 1-64 pg/ml against S. aureus. Recently, Schuffler et al. (2011) reported that the
chryoxanthane isolated from the mycelia of ascomycete fungi of IBWF11-95A had MIC
value of 2.5-20ug/ml against different types of bacterial pathogens.

Morphological analysis

The above cytotoxicity results revealed that the partially purified fraction E of Phomopsis sp.
had an effective anticancer activity against human lung cancer cells (A549). Hence, the
fraction E was used to study the morphological changes of cancer cells during treatment. The
morphological changes of the A549 human lung carcinoma cells were observed by treating
the cells with 40 ug and 60 ug of fraction E at 8h and 24 h incubation. The growth of the
A549 cells was markedly inhibited by fraction E at 40 ug after 8 h treatment. At 60 g, most
of the cancer cells growth was arrested during cell division and the cell nuclei became
condensed and segmented after 24 h treatment which was an indication of apoptosis (Fig. 4).

Preliminary nature of the active components

The physical appearance of the partially purified compound was a semi-solid yellow color,
soluble in diethyl ether, methanol, dimethyl sulfoxide & water, and insoluble in ethanol. The
partially purified compound isolated from Phomopsis sp. exhibited Amax at 246 and 396 nm
(Fig. 5). The absorption peak at 246 nm due to n - ¢* transition indicates the presence of
saturated compounds containing atoms with lone pairs (non-bonding electrons) such as

alcohols, amines, halides, ethers etc. The high absorption peak at 396 nm indicates the
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presence of chromophoric group due to the n - «* transition. Further the IR spectrum analysis
revealed that the peak at 3438 cm™ indicates the presence of hydrogen bonding (OH or NH).
The band around 2935 cm™ is due to H-C-H asymmetric and symmetric stretches. The broad
peak at 1699 cm? is due to C=O stretching and the peaks at 1454, 1390-1228 &
1053indicateC-C=C asymmetric, N-H and C-O stretches (Fig. 6).

The present study revealed that the fruiting body extract of Phomopsis sp. had an effective
broad spectrum antibacterial and cytotoxic activity that could be used as pharmacological
substances having diverse therapeutic applications.
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Table 1

Antimicrobial activities of fruiting body extract of Phomopsis sp.against bacterial and

fungal pathogens.

ijppr.humanjournals.com

Zone of inhibition (mm)
Microorganisms -
Ethanol extract Diethyl ether extract Methanol extract
Bacillus subtilis
MTCC 619 12.0+0.12 31.2+0.15 15.0+0.14
Staphylococcus
aureus 11.8+0.15 31.7+0.12 14.5+0.19
MTCC 3160
Escherichia coli
+ + +
MTCC 4296 11.5+0.13 28.2+0.08 12.5+0.18
Pseudomonas
aeruginosa 13.5+0.21 29.3+£0.05 12.3+0.15
MTCC 2488
Candida albicans
+ + +
MTCC 3018 12.8+0.19 21.3+0.12 11.7+0.11
Table 2

Antibacterial activity of partially purified fraction E of Phomopsis sp. against

Staphylococcus aureus.

Zone of inhibition (mm)
S. aureus — ___ i
] Penicillin Methicillin Vancomycin ]
strains ] Fraction E
(20 units/ml) (10 pg/ml) (30 pg/ml)

Strain 1 12.8+0.15 (R) 10.8+0.14 (R) | 16.5+£0.08 (S) | 22.9+0.27
Strain 2 12.8+0.14 (R) 11.2+0.31(R) | 15.4+£0.28 (S) | 25.8+0.19
Strain 3 14.2 £0.28 (R) 12.1£0.16 (R) | 16.0£0.22(S) | 27.9+0.21
Strain 4 11.5+£0.35(R) 10.2+£0.31(R) | 17.2+£0.14(S) | 24.1+£0.17
Strain 5 10.8£0.14 (R) 89+0.22(R) |185%0.28(S) | 27.3+0.35
Strain 6 10.3+0.15 (R) 95+0.35(R) |[12.4+0.35(R) | 23.1+0.41
Strain 7 13.8+0.16 (R) 155+0.07(S) | 16.9+£0.14 (S) | 25.0£0.09
Strain 8 10.5+0.23 (R) 88+0.14(R) |135%0.21(R) | 25.6£0.36
Strain 9 14.0+£0.21 (R) 122+£0.10(R) | 14.8+£0.22 (R) | 22.4+0.15
Strain 10 149+0.1 (R) 89+0.18(R) |17.4%0.35(S) |24.3+0.08

R- Resistant, S - Sensitive
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Table 3

Antibacterial activity of partially purified fraction Eof Phomopsis sp. against

Pseudomonas aeruginosa strains.

. aeruginosa Zone of inhibition (mm)
strains cF & OF AK Fraction E
(5 pg/ml) (30 pg/ml) (5 pg/ml) (30 pg/ml)

Strain 1 14.5+0.4 (R) 124404 (R) | 125+0.35(R) | 15.5+0.17 (R) | 27.7+0.32
Strain 2 21.6+0.1 (S) 235+0.14 (S) | 20.3+0.28 (S) | 20.5+0.14 (S) | 19.7+0.09
Strain 3 15.4+0.28 (R) 14.940.14 (R) | 135+0.4 (R) | 12.9+0.28 (R) | 27.9+0.12
Strain 4 23.740.23 (S) 16.840.1 (R) | 18.6+0.31(S) | 14.5+0.31 (R) | 29.4+0.41
Strain 5 24.3+0.04 (S) 24.80.15 (S) | 19.5+0.14 (S) | 19.4+0.22 (S) | 23.740.32
Strain 6 22.340.15 (S) 25.4+0.07 (S) | 18.4+0.28 (S) | 18.8+0.07 (S) | 20.8+0.41
Strain 7 16.5+0.22 (R) 23.740.18 (S) | 13.9+0.4 (R) | 10.5+0.28 (R) | 21.6+0.06
Strain 8 18.7+0.14 (R) 16.540.35 (R) | 16.5+0.14 (S) | 14.4+0.23 (R) | 25.8+0.09

R- Resistant, S- Sensitive, CF-Cefotaxime, CE- Ciprofloxacin, OF-Ofloxacin, and AK-

Amikacin
250 - - 600
200 - - 500
=) - 400
£ 150 - =)
Ef_ - 300 gﬂ
~ 100 -
= - 200 5
=
30 1 - 100 g
0 - -0
L m vV v v X X
Staphylococcus aureus (Strains 1-X)
Fig.1. MIC/MBC values of fraction E of Phomopsis sp. against drug-

resistantStaphylococcus aureus strains
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Fig.2. MIC/MBC values of fraction E of Phomopsis sp.againstdrug-resistant

Pseudomonas aeruginosa strains.
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Fig. 3.UV spectrum of fraction E.
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Fig. 4.IR spectrum of fraction E.
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