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1. Introduction

Abstract Background: Mangrove associated fungi are the second most diverse organisms that
remain less explored. Cytotoxic and antibacterial activities of foliar fungus Meyerozyma guillier-
mondii were investigated.

Methods: Foliar fungus was isolated from the leaves of Rhizophora mucronata collected from Pich-
avaram mangrove forest, Tamilnadu. Extracts from liquid state culture were tested for cytotoxicity
against two cancer cell lines using the MTT assay. Antibacterial activity was determined using the
well diffusion method. The DNA was isolated from the fungi, and the ITS region of 5.8s RNA was
sequenced. The spectral properties (GC/MS) of the purified compounds were determined.
Results: The ethyl acetate extracts showed potent cytotoxicity against Hep2 and human breast ade-
nocarcinoma (MCF-7) cell lines with ICs, values of 1.25 and 0.625 pg/ml, respectively. Antibacte-
rial activity of the fungal extract was demonstrated against five test organisms. The fungus was
found to be a new strain based on ITS sequence and database in NCBI Blast tool.

Conclusion: Results indicate the potential for production of bioactive agents from mangrove foliar
fungi.

© 2013 Production and hosting by Elsevier B.V. on behalf of Alexandria University Faculty of Medicine.

drug industry for synthetic products due to economic and
time-consuming reasons. Recent review by Newman and Cragg,
provides us a list of all approved agents from 1981 to 2006, from

Bioactive natural compounds produced by microorganisms
have been promising potential usefulness in safety and human
health concerns, although there is still a significant demand of
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which a significant number of natural drugs are produced by mi-
crobes.! Marine microorganisms have been an important
source of pharmacologically active metabolites.” Considering
that only a small amount of mangrove fungi have been studied,
recently, several research groups have been motivated to evalu-
ate and elucidate the potential of these microorganisms applied
on biotechnological processes focusing on the production of
anti-cancer compounds. It is fascinating to discover how simple
fungi could hold the key to powerful new approaches to treat
cancer. Mangrove associated fungi provide a broad variety
of bioactive secondary metabolites with unique structure,

2090-5068 © 2013 Production and hosting by Elsevier B.V. on behalf of Alexandria University Faculty of Medicine.

http://dx.doi.org/10.1016/j.ajme.2013.04.003


mailto:bvbhimba@yahoo.co.in
http://dx.doi.org/10.1016/j.ajme.2013.04.003
http://www.sciencedirect.com/science/journal/20905068
http://dx.doi.org/10.1016/j.ajme.2013.04.003

190

E.L. Joel, B. Valentin Bhimba

including alkaloids, benzopyranones, chinones, flavonoids,
phenolic acids, quinones, steroids, terpenoids, tetralones, xant-
hones, and others. There are some evidences that bioactive com-
pounds produced by fungi associated with plants could be
alternative approaches for discovery of novel drugs, since many
natural products from plants, microorganisms, and marine
sources were identified as anticancer agents.? Cancer is a group
of diseases characterized by unregulated growth and spread of
abnormal cells, which can result in death if not controlled.? It
has been considered one of the major causes of death world-
wide: 7.4 million (about 13% of all deaths) in 2004.* The anti-
cancer drugs show nonspecific toxicity to proliferating normal
cells, possess enormous side effects, and are not effective against
many forms of cancer.>® Thus, the cure of cancer has been
enhanced mainly due to diagnosis improvements, which allow
earlier and more precise treatments.

The importance of compounds bearing antioxidant activity
lies in the fact that they are highly effective against damage
caused by reactive oxygen species (ROSs) and oxygen-derived
free radicals, which contribute to a variety of pathological ef-
fects, for instance, DNA damages, carcinogenesis, and cellular
degeneration.”® These free radicals occur in the body during
an imbalance between ROSs (Reactive Oxygen Species) and
antioxidants. Hence, the role of antioxidant is necessary and
important to balance the antioxidant status that would reduce
the pathological conditions induced by free radicals. Fungi are
remarkably a diverse group including approximately 1.5 mil-
lion species, which can potentially provide a wide variety of
metabolites such as alkaloids, benzoquinones, flavonoids, phe-
nols, steroids, terpenoids, tetralones, and, xanthones.’ Fungal
extracts of mangroves are being researched in this regard ow-
ing to their multipurpose applications and also because fungi
have emerged as the new sources of antioxidants in the form
of their secondary metabolites.

2. Methodology

2.1. Isolation of fungus and extraction of metabolite

The leaves of the collected mangrove plants were washed, sur-
face sterilized and inoculated in potato dextrose agar. The pure
culture isolated by the above method was grown in
Sabouraud’s dextrose broth. The flasks were incubated in the
shaker — incubator at 200 rpm for 5days. The filtrate was
separated and subjected to solvent extraction. The filtrate
was extracted several times with ethyl acetate, petroleum ether
and ethanol (v/v) in a separating funnel and evaporated under
vaccum at 50 °C till dryness.

2.2. Antibacterial assay

Antibacterial activity was carried out against Bacillus subtilis
(ATCC 6633), Staphylococcus aureus (ATCC 25,923), Esche-
richia coli (ATCC 25,922), Pseudomonas aeruginosa (ATCC
27,853) and Proteus vulgaris (ATCC 29,905) by agar well dif-
fusion method. Pre-warmed Mueller-Hinton agar (MHA)
plates were seeded with 10’~10® cfu suspension of test bacteria.
Gentamicin sulfate (10 pg) was used as the positive control.
Plates were incubated at 37 °C for 48 h. Antibacterial activity
was expressed as the diameter of the inhibition zone (mm) pro-
duced by the extracts. Then different concentrations were

tested for ethyl acetate which showed maximum activity
against all the bacterial pathogens.

2.3. Cytotoxic activity (MTT assay)

Cytotoxicity of extracts at various concentrations (15-1000 pg/
ml) was assessed for Hep2 and MCF-7 using the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) but
with minor modification,'® following 72 h of incubation. Assay
plates were read using a spectrophotometer at 520 nm. Data
generated were used to plot a dose-response curve of which
the concentration of extract required to kill 50% of cell popu-
lation (ICsp) was determined.

Cell viability(%) = Mean OD/control OD x 100

2.4. GC-MS analysis

The crude extract was quantified using a gas chromatograph
(Shimadzu QP2010) equipped with a VF-5 ms column (diame-
ter 0.25 mm, length 30.0 m, film thickness 0.25 pm) mass spec-
trometer (ion source 200 °C; EI —70eV), programed at
temperature 40-650 °C with a rate of 4 °C/min. Injector flow
rate was 200 °C; carrier gas was He 99.9995% purity, column
flow ratel.51 ml/min, injection mode-split.

2.5. Fungal isolation, identification

The total deoxyribonucleic acid (DNA) of marine-derived fun-
gus was extracted by CTAB method. The internal transcribed
spacers (ITS) of ribosomal DNA (rDNA) were amplified
employing the combination of a conserved forward primer
ITS1 (TCCGTAGGTGAACCTGCGG?3') and reverse pri-
mer ITS4 (YTCCTCCGCTTA TTGATATGC3'). The poly-
merase chain reaction product is about 0.7 kb. The purified
ITS rDNA were sequenced.

3. Results and discussion

Antimicrobial properties of mangrove fungi are being increas-
ingly reported from various parts of the world. Fig. 1 shows
the pure culture of the fungus isolated. The isolated fungi were
cultured in Sabaroud’s broth for 5 days. The broth was filtered

Figure 1

Meyerozyma guilliermondii.
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Table 1

Antibacterial activity of Meyerozyma guilliermondii — different solvents.

Bacterial pathogens Zone of inhibition in mm

Ethyl acetate Positive control Petroleum ether Positive control Ethanol Positive control
E. coli 15 10 - 12 15 10
Pseudomonas 14 15 - 15 - 13
Enterococcus 15 12 - - 12 -
Staphylococcus 15 15 - 10 15 12
Bacillus 14 12 - 15 15 13

Table 2 Antibacterial activity of Meyerozyma guilliermondii
at different concentrations using ethyl acetate extract.

Zone of inhibition in mm
std 25 pl 50 pl 75 pl 100 pl

Proteus vulgaris (ATCC 29,905), 16 13 18 22 25
Bacillus subtilis (ATCC 6633) 1715 20 22 23
Pseudomonas aeruginosa (ATCC 27,853)18 12 20 24 25
Escherichia coli (ATCC 25,922) 16 10 17 21 26
Staphylococcus aureus (ATCC 25,923) 14 16 17 18 23

Pathogens

Figure 2

Antibacterial activity.

Table 3 Anticancer activity of Meyerozyma guilliermondi
against Hep2 cell line.

Sl. no Concentrations (pug/ml) Dilutions Absorbance Cell viability

1 5 Neat 0.11 23.40
2 2.5 1:1 0.14 29.78
3 1.25 1:2 0.23 48.93
4 0.625 1:4 0.27 57.44
5 0.3125 1:8 0.34 72.34
6 0.156 1:16 0.35 74.46
7 0.078 1:32 0.41 87.23
8 0.039 1:64 0.45 95.74
9 Cell control - 0.47 100

and the filtrate was taken since the aim of the present study is
to check the extracellular metabolites produced by this isolated
fungi. The antimicrobial properties of the extract isolated with

Table 4 Anticancer activity of Meyerozyma guilliermondi on
MCEF 7 cell line.

Sl. no Concentrations Dilutions Absorbance Cell viability
(ng/ml)
1 5 Neat 0.02 4.87
2 2.5 1:1 0.06 14.63
3 1.25 1:2 0.15 36.58
4 0.625 1:4 0.19 46.34
5 0.3125 1:8 0.24 58.53
6 0.156 1:16 0.29 70.73
7 0.078 1:32 0.33 80.48
8 0.039 1:64 0.38 92.68
9 Cell control - 0.41 100
MTT ASSAY
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Figure 3 MTT assay of Hep2 cell line.
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Figure 4 MTT assay of MCF 7 cell line.

three different solvents are shown in Table 1. Secondary
metabolites extracted with ethyl acetate showed appreciable
activity against the entire panel of test organisms. Petroleum
ether showed nil activity suggesting a bad proportion of
secondary metabolites. The ethanol extract was active against
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Control High Toxicity

Mild Toxicity

Low toxicity

Figure 5 Hep2 cell line treated with crude extract of Meyerozyma guilliermondii.

Control

High Toxicity

Mild Toxicity

Low Toxicity

Figure 6 MCEF7 cell line treated with crude extract of Meyerozyma guilliermondii.

Table 5 Compounds present in GC MS spectrum.

Activities RT Area Compound names
Antibacterial compounds 5.907 0.19 Isohexyl neopentyl ester
11.870 0.44 Pentadecane
34.221 1.48 1-Nonadecanol
Anticancer compounds 8.602 0.37 Tridecane
18.736 0.70 Isobutyl undecyl ester
31.844 21.14 9-Octadecenoic acid

all the organisms except Pseudomonas. The ethyl acetate ex-
tract of the fungus at different concentrations (25-100 pl)
shown in Table 2, was found to be potent against P. vulgaris
(ATCC 29,905), B. subtilis (ATCC 6633), P. aeruginosa (ATCC
27,853), E. coli (ATCC 25,922) and S. aureus (ATCC 25,923).
The rate of inhibition was found to be directly proportional to
the concentration of the extract with inhibition zones ranging
from 23 to 26 mm at 100 pl as seen in Fig. 2. E. coli was found
to be the most inhibited. Antibacterial activity may be due to
active components, which are present in fungal extracts and
the solubility of those active compounds in the solvent used
(ethylacetate) as against the positive control gentamicin sulfate
that displayed inhibitory activity against all pathogens. This
inhibitory effect draws attention to the use of mangrove fungal
extracts as a new generation of antimicrobial agents. These
results are in sync with reported papers on bioactive com-
pounds isolated from culture broth in several reviews.''™'*
The effects of Mangrove extracts on some microorganisms
including Shigella sp., Staphylococcus sp., Pseudomonas sp.
have been reported in some studies in the area of pharmacol-
ogy. Also different types of solvents including ethanol, chloro-
form and ethyl acetate have been used for extraction.!
Cytotoxicity of the extract against Hep2 and MCF-7 cell
lines is shown in Tables 3 and 4. At ICsy level of 1.25 ng/
ml, the extracts were active against Hep2 cell line with a cell

viability of 48.93% at an absorbance of 0.23. Appreciable
activity against MCF-7 cell line is confirmed with an ICs le-
vel of 0.625 pg/ml, which showed cell viability of 46.34 at 0.19
absorbance. In both cases the absorbance values are lower
than the negative controls, which suggest a reduction in the
overall cell viability. Results are also shown as a dose—effect
curve in Figs. 3 and 4. Quantitative efficacy of the extract
to kill half the tested Hep2 cell lines is found to be 1.25 ng/
ml as in Fig. 3. The fact that the extract is found to be extre-
mely potent against the MCF-7 cell line is established by the
steeper curve in Fig. 4. The appearance of Hep2 and MCF-7
cell lines in chamber slides at different stages of high, mild
and low toxicity in comparison to the standard is represented
in Figs. 5 and 6. As per GC MS analysis (Table 5 and Fig. 7)
the compounds present in the extract were found to be
Isohexyl neopentyl ester, Pentadecane and 1-Nonadecanol,
Tridecane, Isobutyl undecyl ester and 9-Octadecenoic acid
with RT values 5.907, 11.870 and 34.221, 8.602, 18.736 and
5.907, respectively.

In the present study, the fungus isolated was identified by
internal transcribed spacer. Since the ITS region is the most
widely sequenced DNA region in all fungi, it has typically been
most useful for molecular systematics at the species level, and
even within species (e.g., to identify geographic races). The
DNA was isolated and the ITS region of 5.8s rRNA was
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Figure 7 GC MS spectrum analysis.

amplified using specific primers ITSI and ITS4 and sequence
was determined using automated sequencers. The blast search
sequence similarity found against the existing non redundant
nucleotide sequence database identified the percentage of sim-
ilarity between the fungus and database. Thus it was confirmed
as a novel strain, named Meyerozyma guilliermondii VBT and
assigned an accession number JF730118 in Genbank http://
www.ncbi.nlm.nih.gov/nuccore/JF730118.1.

Not only mangroves,'>!'® but also various other sources of
plant fungi are found to be potent sources of anti-cancer com-
pounds. “Podophyllotoxin” (C,,H,,0g) and analogs are clini-
cally relevant mainly due to their cytotoxicity and are valued
as the precursor to useful anticancer drugs like etoposide,
teniposide, and etopophos phosphate.'”'® Novel microbial
sources of Podophyllotoxin were reported from the fungi
Aspergillus fumigatus Fresenius isolated from Juniperus com-
munis L. Horstmann, Phialocephala fortinii isolated from
Podophyllum peltatum"® and Fusarium oxysporum from Junipe-
rus recurva. Also, extract of a fungal strain (Aspergillus ustus),
isolated from the rhizosphere soil of the mangrove Acrosti-
chum aureum grown in Guangxi Province of China, showed
cytotoxic activity against P388 (mice lymphocytic leukemia)
cell line.”®

As there is no previous work, both chemically and pharma-
cologically, on the fungus mentioned, further investigations to
exploit the potential of this fungus are needed. Future studies
involve the elucidation of the structures of the compounds by
Nuclear Magnetic Resonance (NMR) spectral analysis.

4. Conclusion

In conclusion, this preliminary screening of the foliar fungus
revealed its potential to yield potent bioactive compounds
for drug discovery programmes. Extract of JF730118
M. guilliermondii showed very potent cytotoxic -effect

indicating its possible potential for development as an anti-
cancer drug and warrants further investigation. Fungal ex-
tracts have great potential as antimicrobial compounds against
microorganisms. Thus, they can also be used in the treatment
of infectious diseases caused by resistant microbes.
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