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Rhizophora apiculata from Chorao Island, Goa was undertaken.

Eleven fungal strains were isolated, out of which one dominant strain
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was selected for phenotypic and genotypic identification. Based on 18S
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Department of Botany, Goa DNA gene sequencing, the fungus revealed 100% homology with
University, Taleigao Plateau, Setosphaeria monoceras, a teleomorph of Exserohilum monoceras.
Goa 403 206. GC-MS analysis of crude compounds extracted with ethyl acetate

revealed the presence of sulfurous acid, 2-ethylhexyl isohexyl ester,
heptacosane, dodecyl pentyl ester, eicosane, 2-methyl and 2-bromotetradecane. Ethyl acetate
extracted crude metabolites of this isolate was screened for antimicrobial activity against
seven common human pathogenic bacteria viz., Shigella boydii, Klebsiella pneumonia,
Escherichia coli, Staphylococcus aureus and Salmonella enterica. However, no antifungal
activity was noticed against Aspergillus brasiliensis and Candida albicans. Diameters of
inhibition zones measured in the plate assay were significantly high (20-50mm). MIC values
were between 3.12 to 6.25 pg/mL. The extract revealed strong bactericidal effect against the
test bacterial pathogens. The aliquots on testing against human lung cancer cell line A-549
showed significant anti-cancer activity compared with the activity exhibited by the standard
drug cisplatin. This study supports the belief of conferring the potential attributes of
endophytic fungi associated to tropical estuarine as Setosphaeria monoceras showed

impressive bioactivities which may be exploited for novel bioactive compounds. This is the
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first antimicrobial study to be undertaken on this relatively novel estuarine endophytic fungal

strain from the rich and diverse Chorao mangrove habitat.
KEYWORDS endophytic fungi, fungal extract, GC-MS, cell line.

INTRODUCTION

Endophytes are microorganisms which are associated with broad varieties of plant species,
and can invade interior plant tissues without causing any negative effect to the parent body.™
The term “endophytes” was coined by German botanist Heinrich Friedrich Link in 1809 to
define occurrence of bacteria and fungi inside plant tissue.’”! The occurrence of endophytes
has been reported for over 400 million years ago.™ It is estimated that each and every plant
species is being colonized by at least two endophytes.! Over one hundred thousand fungal

species have been reported and their numbers keep increasing.

The symbiotic relationship between endophytes and host species has benefited plants in terms
of growth promotion and adapting to changing environmental conditions. While residing and
reproducing inside the healthy tissue in intimate mutualistic manner, presumable gene
recombination or the precursor molecule interaction with the host indicates enhanced
biosynthetic capabilities in the endophytes which is why over 80% of the endophyte exhibit
positive activity in testing for antimicrobial and biological control.I) Endophytes are
chemical synthesizers within plants as they are supposed to be used by host plant species for
chemical defense against various stresses.® Ecological niches like mangroves deserve
exploration as they are bound to have novel microbial species and biotypes particularly

endophytes which are relatively less explored.™

Due to changing environmental conditions, plants develop adaptive mechanisms in order to
acclimatize. Hence it becomes crucial for endophytes to continuously modify its secondary
metabolites, in order to penetrate the host plant through its chemotaxic process. To overcome
such responses, endophytes secrete certain detoxifying enzymes like cellulase, lactase,
xylanase which matches with the plants enzymes to attain colonization. After penetration in
the parent host, it is assumed that endophytes undergo three different life stages: neutralism
/quiescent stage (at this stage endophyte undergo a latent stage which may be even for
lifetime), mutualistic stage (at this stage the host and the endophyte share mutual benefits
from each other without any harm), and the antagonistic stage.™® Such adaptive mechanism

has helped endophytes to produce therapeutically important bioactive compounds, exclusive
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to those of host plants. It has been stated that the isolation and identification of endophytic
mycobiota is crucial to the ethnobotanical profile of the plant, since the medicinal properties
of a plant can be due to the endophytes harboured within. This was proved in case of the
anticancer drug taxol by isolating taxol producing endophyte Taxomyces andreanae.™"

In the view of the global drug resistance problem, the need to discover novel drug sources
particularly antibiotics cannot be over-emphasized.'*? Fungal endophytes have so far yielded
alkaloids, terpenoids, quinines, isocoumarin derivatives, flavanoids, phenols, peptides and
phenolic acids. They are a prolific source of novel antibiotics, anticancer, antiviral,
antioxidant,  insecticide,  anti-diabetic and  immunosuppressant  compounds.**!
Pharmacological repertoire of endophytic fungi comprises of diverse bioactive compounds
such as antimycotic steroid 22-triene-3b-ol, anticancer cajanol, podophyllotoxin and
kaempferol, anti-inflammatory ergo flavin, antioxidant lectin, insecticidal heptelidic acid,

immune suppressive sydoxanthone A, B and cytotoxic radicicol.!**!

Isolation and characterization of endophytic fungi and further detailed studies on active
secondary metabolites of therapeutic importance might provide an insight in the discoveries
of novel groups of chemical compounds across temperate and tropical forests.™*¢!

Goa is a small tropical state at the South-Western part of the India, which houses a very rich
and diverse mangrove population. Literature survey indicates that there are very few studies
on endophytic mangrove fungi at this location. Therefore, this study was undertaken at
Chorao Mangrove Island which houses most of the dominant mangrove species and is a

relatively unexplored ecological niche.

MATERIALS AND METHOD

Plant sample collection

Leaves of R. apiculata were collected from Mangrove estuarine ecosystem situated at Chorao
Island, Goa (Fig. 1). The plant material was brought to the laboratory in zip-lock bags and

was further processed within five hours of sample collection.
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Fig. 1. Rhizophora apiculata plant.

Isolation of Endophytic fungi

Healthy leaves were selected and cut into smaller pieces and surface sterilized using 75%
ethanol for 1 minute, 4% NaOCI for 3 minutes, and later rinsed in sterile distilled water.!*"
The sample was then inoculated on solidified agar plates amended with antibiotics
streptomycin sulphate (0.4 mg/mL) and ampicillin (0.4 mg/mL). Plates were incubated at
25°C and observed for growth after three to four days. The pure fungal cultures were
transferred periodically to Potato Dextrose Agar (PDA) plates and stored at 4°C on slants
using the same media.™*®

Identification of Endophytic Fungi

The sporulated fungal isolates were initially identified through microscopic examination
using lacto-phenol cotton blue stain. The slides were then photographed by Olympus
microscope; after which fungal isolates were identified based on colony characteristics,™
and confirmed by molecular identification at Rajiv Gandhi Centre for Biotechnology,
Thiruvananthapuram, Kerela, India. Fungal isolates were identified based on 18S DNA
isolation using NucleoSpin® Plant 1l Kit (Macherey-Nagel). The fungal DNA was further
analyzed by sequencing at the ITS (ITS-1F 5- TCCGTAGGTGAACCTGCGG -3’ and ITS-
4R 5- TCCTCCGCTTATTGATATGC-3') and LSU  region (LROR  5'-
ACCCGCTGAACTTAAGC-3' and 5- TCCTGAGGGAAACTTCG-3") of rDNA. The
sequence quality was checked using Sequence Scanner Software vl (Applied Biosystems)
and sequence alignment and edited by using Geneious Pro v5.1.%% Later the DNA was
subjected to sequencing and it was compared with already existing DNA sequences available
at NCBI GenBank (http://www. ncbi.nlm.nih.gov.blast), and phylogenetic tree was

constructed using the Maximum Likelihood method to identify the respective fungi.

WWW.Wjpps.com Vol 7, Issue 6, 2018. 1318




Sawant et al. World Journal of Pharmacy and Pharmaceutical Sciences

Extraction of the bioactive metabolites

The endophytic fungal isolate was inoculated in 500 ml Erlenmeyers flasks containing 300
ml PD broth (Potato Dextrose Broth) at pH 6.5. The inoculated flask containing 300 ml PD
broth and fungal isolate incubated under stationary conditions at 25°C for 15 days. The
incubated flasks containing the fungal colonies were filtered using three layered Whatman
No.1 filter paper. To the filtrate, equal amounts of ethyl acetate were added and mixed well,
until the two immiscible layers appear. Upper layer of ethyl acetate fraction containing the
fungal metabolites was extracted using sterile pipette under aseptic conditions. Ethyl acetate
along with the extracted compounds was kept on a rotary shaker until the solvent evaporated
to obtain a concentrated extract. The resultant powder was mixed with DMSO (1mg/ml
DMSO) and kept at 4°C.[24

Screening for antibacterial activity (Agar cup diffusion assay)

The crude extract was treated for antibacterial activity and was screened against seven human
pathogens viz., Klebsiella pneumonia ATCC 700603, Escherichia coli ATCC 8739, Shigella
boydii ATCC 12030, Staphylococcus aureus ATCC 6538, Candida albicans 3147 ATCC
10231, Aspergillus brasiliensis WLRI 034 and Salmonella enterica serovar typhimurium
ATCC 14028 (procured from Department of Microbiology, Goa Medical College, Bambolim,
Goa), using agar well diffusion method. Mueller-Hinton Agar (MHA) was used as a nutrient
supplement for the test pathogens. The young bacterial suspension corresponding to 0.5
McFarland standards was mixed with 20 mL Mueller-Hinton Agar and poured in sterile Petri
plates®. The solidified plates were bored with 12mm diameter wells. The wells were later
filled with 100, 90, 80, 70, 60, 50, 40, 30, 20, 10ul of the crude extract (Table 3). The plates
were kept for pre-diffusion at 4°C for 20 minutes followed by 24 hour incubation at 37°C.
Appropriate positive and negative controls were maintained throughout the study. Each set of

experiments was carried out in triplicate.

Determination of Minimum Inhibitory Concentration (MIC)

Inoculum preparation involved two fold serial dilutions using Mueller-Hinton broth (MHB)
as medium. Eighteen hours old bacterial suspensions were adjusted to 0.5 McFarland
standards in sterile saline to achieve concentrations of 10’CFU/mL.*® The MIC
determination involved serial dilutions of varying concentrations, followed by incubation
period of 24 hours at 37°C. The lowest concentration at which growth failed to occur was the
MIC of the culture. Minimum bactericidal concentration (MBC) determination was done by
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culturing aliquots from the MIC tubes on Mueller-Hinton agar medium and incubation for 48
hour at 37°C. MIC of the crude ethyl acetate extract was determined by serial dilution tube
method by measuring the optical density at 600nm using Elico Colorimeter. The lowest
concentration at which no bacterial colony was noticed in the plates was considered as MBC

of the culture.

Phytochemical screening of the fungal metabolites

The crude extract was tested for the presence of secondary metabolites such as alkaloids,
saponins, terpenoids, flavonoids, steroids, phenols, and tannins using standard methods %!,
Gas Chromatography-Mass Spectroscopy (GC-MS) analysis

The GC-MS analysis of fungal crude extract was performed at IT Bombay. Two ul of each
sample was employed for analysis using Elegant Hp 7880 with column of 30 meter length
and 0.32 thicknesses. Helium gas was used as carrier gas at constant flow rate of 1ml/ minute.
Injector temperature was set at 100°C. The oven temperature were programmed from 50°C to
280°C at 10°C/ minute to 200°C then 100°C/ 3 minutes to 250°C ending with a 5 minutes

isothermal at 280°C. The sample was injected in split mode as 50:1.1!

Anticancer activity screening by using A-549 lung cancer cell line

Screening of anticancer activity was performed by using colorimetric assay i.e. by measuring
the metabolically active cells (viable cells) that measures the reduction of yellow 3-(4,5-
dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) by mitochondrial succinate
dehydrogenase. A-549 human lung cancer cell line was seeded in a 96-well flat-bottom micro
plate at a density of approximately 5x10%cells/well and incubated overnight at 37°C, 95%
humidity and 5% CO,.[*! Different concentrations of 1000, 500, 250, 125, 62.5, 31.25 ug/mL
of the sample were used for the study following incubation period of 24 hours. The cells in
well were washed twice with phosphate buffer solution, 20 pL of the MTT staining solution
(5mg/ml in phosphate buffer solution) and was incubated at 37°C. After 4h, 100 pL of di-
methyl sulfoxide (DMSO) was added to each well to dissolve the formazan crystals, and

absorbance was recorded at 570 nm using a micro plate reader.

RESULTS
Isolation and identification of endophytic fungi
Unique symbiotic behaviour was observed in mangrove endophytic fungi that colonize

different plant parts. Traditionally endophytes in plant tissues can be detected by two basic
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techniques. The first one is direct observation where the fungal structures within the fungal
endophyes are observed under light and electron microscope, particularly biotropic fungi
which cannot be cultured on standard growth medium. However, this method has taxonomic
limitations due to lack of spores. In contrast, cultivation dependent techniques where only
internal fungi are isolated and cultivated on nutrient plates after a series of processes to
remove all surface organisms are more popular.’”? Some endophytes resist the sporulation
within the plant and may remain inactive throughout life. There are different media
constituents which are used by researchers across the world such as standard PDA (Potato
Dextrose Agar), MEA (malt extract agar) and minimal media with plant tissue or extract./*
In the present study, PDA medium (Potato dextrose Agar) was used to cultivate the
endophytic fungi from mangrove ecosystem by using three step sterilization protocols. A
total of eleven endophytic fungi were obtained, out of which one dominant fungal isolate was
selected for detailed study. The endophytic fungi were isolated from the leaves of R.
apiculata, a predominant mangrove species at Chorao Island, Goa. The isolated endophytic
fungus (Fig. 2a) was purified and stored at 4°C followed by study of morphological
characteristics (Fig. 2b). Morphotaxonomic treatment coupled with molecular
characterization using ITS and LSU primers, confirmed the identification of endophytic

isolate M.En01 (mangrove endophyte) as Setosphaeria monoceras (Fig. 2 c).
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KU361878_Pleospora_herbarum
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Fig. 2a: The culture of S. monoceras; Fig.2b: Single spore of S. monoceras; Fig. 2c: Phylogenetic tree.

Mass culture, preliminary phytochemicals and GC-MS analysis

Endophytes are currently being viewed as an excellent source of secondary metabolites and
bioactive antimicrobial natural products. They have the ability to produce diverse classes of
phytochemicals which have multiple medicinal and pharmaceutical applications; as is evident
from worldwide reports on plant endophytes I To study the antimicrobial activity,
the fungal colonies were mass cultured, fermented and resultant extract with ethyl acetate as
solvent system (Fig. 3a and 3b). This was subjected to preliminary phytochemical analysis
which revealed the presence of alkaloids (Table 1). This extract on further analysis revealed

the presence of specific groups of secondary metabolites through GC-MS analysis (Table 2).
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The identification of the metabolites was done by GC chromatogram and compared the mass
value assigned at each mass spectrum of individual secondary metabolite (Fig. 4). The
comparison of the mass value with the existing data library confirmed the compounds in the
crude fungal extract as sulfurous acid, 2-ethylhexyl isohexyl ester, heptacosane, sulfurous

acid, dodecyl pentyl ester, eicosane, 2-methyl and 2-bromotetradecane (Table 2).

Fig. 3a: Liquid culture of S. monoceras; Fig. 3b: Fermented culture of S. monoceras
(after 15 days of incubation).

Table 1: Phyto-chemical screening of isolated fungal extract.

Phyto-chemical tests Results
Alkaloids +
Flavanoids -
Phenols -
Terpenoids -
Steroids -
Saponins -
Legend: + (present) ; - (absent)

Table 2: Compounds identified in ethyl acetate fungal crude extract.

Sr. RT Name of compound Category of the Peak | Molecular | Molecular | Known Bioactive
No. Compound area % weight formula function
1 3.12 - 12.84 - -
2 3.71 - 4.04 - -
3 4.05 - 1.16 - -
4 4.22 - 1.26 - -
Sulfurous acid, 2- . .
5 26.70 ethylhexyl isohexyl ester 3.01 278 Cu4H3003S | Antidiabetic
6 27.93 | Heptacosane Alkaloid 7.35 380 Cy7Hsg Antibacterial
7 29.07 | Heptacosane Alkaloid 11.28 380 Cy7Hsg Antibacterial
g | 3013 |Sulfurous acid, Dodecyl 15.11 320 CiH30:S | Antibacterial
pentyl ester
9 331.20 | Eicosane, 2-methyl Alkaloid 15.23 296 CyiHysy Antibacterial
10 32.46 | 2-Bromotetradecane 14.78 276 CHyBr Antimicrobial
11 33.90 13.9 - -

Legend: RT=Retention Time; (-) = Compound not detected.

WWW.Wjpps.com Vol 7, Issue 6, 2018. 1322 J




Sawant et al.

—
External Sample ld: C

e ———— ———————

‘Spit1:10-60-1M-8-200-30-8-270-3M-10-280-HPS. Experiment Date/Time: 51772017 12.36:02 PM.
3

0" ensty (1171852)

[N30.13
A0

000~

B E )

27]93
500 4

Fig. 4: GC-MS Chromatogram of ethyl acetate extract of Setosphaeria monoceras.

Antimicrobial activity of endophytic fungus against human pathogens

The crude ethyl acetate extract of S. monoceras exhibits significant antibacterial activity by
agar diffusion method (Table 3). On testing, extract inhibits all five bacterial pathogens tested
in the study showing fairly large zones of inhibition (Fig.5.a.). The fungal crude extract
showed active results even when the crude extract at 10 pL concentration was applied against
the human pathogenic bacteria, indicating the efficacy of the crude extract at low
concentration against the target pathogens. However, when tested against mold (Aspergillus
brasiliensis) and yeast (Candida albicans) extract did not show inhibitory effect, indicating
the lack of antifungal activity. DMSO (Dimethyl sulphoxide) used as negative control
showed no zone of inhibition (Fig. 5.a.)

Table 3: Antibacterial activity of Setosphaeria monoceras isolated from leaf of R.

World Journal of Pharmacy and Pharmaceutical Sciences

apiculata.
Isolate code Amount of _ Average zone of inhik_)_ition (mm) _ _
extract K. pneumonia S. aureus S. Boydii S. antrica E. coli
ATCC 700603 | ATCC 6538 | ATCC 12030 | ATCC 14028 | ATCC 8739
100pl 43 44 50 45 43
o0ul 42 42 47 41 43
80ul 39 42 45 40 34
M.En.C 70ul 37 41 43 35 32
60l 36 35 42 34 32
40pl 35 33 41 31 30
30pl 35 34 40 30 30
20l 34 32 40 29 30
10ul 30 30 39 21 29
Control —ve DMSO - - - - -
Control +ve | Streptomycin 39 42 45 46 43

Legend: + =Positive activity; - = No activity; M.En.C: Mangrove Endophyte C
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Fig. 5a: Antimicrobial activity of S. monoceras Fig. 5b: MIC of S. monoceras culture
against K. pneumonia. against K. pneumonia.

Minimum inhibitory concentration (MIC) of the endophytic extract against pathogenic
bacteria

The ethyl acetate extract of endophytic fungus of S. monoceras was tested for MIC. The
results revealed significant decrease in growth of pathogenic bacterial organisms in test tubes
as observed by decreasing absorbance values at 6.25ug/mL (Fig. 5 b and Fig. 6). The results
indicated the MIC value to be between 3.1- 6.25 pg/mL. Further the aliquots from the MIC
tubes were sub cultured on Muller Hinton agar medium in order to study MBC of the crude
extract. The plates having aliquots from 3.12 to 6.25ug/mL showed no bacterial colony which
indicates the strong bactericidal property of the extract.
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Fig. 6: S. monoceras extract against bacterial pathogens using tube dilution method.

Anti-Cancer activity of the Extract by using A-549 lung cancer cell line: Ethyl acetate
extract showed significant anti-cancer activity on testing with lung cancer cell line A-549
(Fig. 7 a and Fig. 7 b). The MTT assay was carried out by using different fungal extract
concentrations (1000, 500, 250, 125, 62.5, 31.5 pg/mL) which revealed the potency of the
extract to kill the cancer cells at varying concentrations (Fig. 7 c). The research provides a
basis to further purify, separate and characterize extracts secondary metabolites so that the

extract could be used as a effective anticancer drug on lung cancer.
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Fig. 7a: A549 untreated cell line; Fig. 7b: A549 treated cell line with S. monoceras

extract; Fig. 7c: Cell viability of S. monoceras extract against A549 cell line.

DISCUSSION

Endophytic fungi are versatile organisms that synthesize active secondary metabolites in
order to acclimatize to the host plant and in the process yield bioactive components having
pharmaceutical applications. Out of the total medicinal products which are available in the
market, 30% are of fungal origin.!**!

Hence, understanding the relationship between host and endophyte will help ideal production
of drugs, through manipulation of the standard growth parameters. Due to the evolutionary
co-existence between the endophytes and their host, the possible outcome could be
mutualism, antagonism and neutralism. Environmental factors of the ecological niche and
genetic background of the host plant exert selection pressure on the endophyte. The beneficial
interactions include enhancement of growth of host medicinal plants, increase in resistance of
host plant to biotic and abiotic stress, and accumulation of secondary metabolites originally
produced by medicinal plants. Understanding distribution and population structure pattern of
endophytes may provide vital clues for effectively detecting and obtaining bioactive
compounds by the host plant in conjunction with its endophytes under selective
environmental conditions.*! The strategy might help to add a particular group of endophytic
fungi in host plant and enhance the target medicinal properties of the plant to meet the
growing needs of pharmaceutical market. The resultant product will be of natural origin with
least side-effects.*”!

Likewise, in case of the endophytic fungus S. monoceras, a dominant fungal endophyte
obtained from the mangrove host plant R. apiculata showed strong activity against human
pathogens displaying the impressive inhibition zones that ranged from 20-50 mm. This
indicates the synthesis of unique and potent bioactive compounds within the endophytes. The
tested human pathogenic bacterial growth was inhibited by the crude fungal extract at a low

concentrations (1.56 to 3.12 pg/mL) as shown by MIC studies which also indicated the
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bactericidal activity on the tested bacterial pathogenic strains at higher concentrations (3.12
to 6.25 pg/mL). Thereby indicating the antimicrobial and bactericidal potential of the
endophyte. The crude fungal extract revealed the presence of strong anti-cancer activity
against the human cancer cell line A-549 at the different concentrations indicating the percent
viability (Fig. 7) of the tested cancer cell line was significantly impacted by the fungal

extract.

Studies carried out in past few years have reported hundreds of products viz., alkaloids,
terpenoids, flavonoids, steroids. from endophytic fungi; which are potential antibiotic,
anticancer and biological control agents.!”!®! The crude ethyl acetate extract of endophytic
fungus S. monoceras indicates the presence of different bioactive secondary metabolites such
as sulfurous acid, 2-ethylhexyl isohexyl ester, heptacosane, dodecyl pentyl ester, eicosane 2-
methyl, and 2-bromotetradecane. These groups of secondary metabolites are reported to have
antibacterial, antifungal, anti-diabetic properties.*®! Due to amid demand of new and
potential bioactive molecules, some recent studies showed that many cryptic secondary
metabolites from fungi either may be produced or the production of known one can be
enhanced multifold through the treatment of epigenetic modifiers like DNMT (DNA methyl
transeferase inhibitors), HDAc (histone deacetylase inhibitors) or both in combination.H

CONCLUSION

The present study provides a scope for further detailed investigation on the bioactive
secondary metabolite yielding potential of this relatively novel estuarine, endophytic fungal
strain. Setosphaeria monoceras exhibits strong antibacterial activity and anticancer activity.
This extract is definitely a promising candidate for further molecular and pharmacological
investigations. The ethno-botanical profile of plants like R. apiculata which grow in
challenging and specialized ecological niches like the estuarine ecosystem is surely enhanced

by the symbiotic associations with its endophytes like S. monoceras.
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