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ABSTRACT

Mangrove is a complex ecosystem, possessing a diverse group of plants, animals and microorganisms. Interestingly
a fascinating group of endophytesis residing in mangrove plants and these have a major role to enhance the growth
of plants in the unigue environmental condition. So the diversity and the activity of endophytic fungi need to be
screened for high biotechnological potential and a val uable source of useful metabolites. In this study 31 endophytic
fungi were isolated from mangrove plants, belonging to various genera such as Phoma sp., Mucor sp, Pencillium sp,
Aspergillus sp., Phomopsis sp., Acremonium sp., Cheatonium sp., Arnium sp., Eutypella sp., Fusarium sp., Botrytis
sp., Geotrichum sp., Aphyllophorals sp. and Nigrospora sp. Screening of these fungal isolates for their
antimicrobial potential was done and two prospective isolates MEF 14 and MEF21 were selected. MEF14 and
MEF21 were identified as Eutypella sp and Geotrichum candidum respectively, based on 18S rDNA analysis. G.
candidum showed antimicrobial activity against human pathogens, thereby suggesting a new source of
antimicrobial compounds. Eutypella was found to be a potent source of many exoenzymes such as cellulases,
proteases, laccases, lipases and amylases. The findings of this work should pave a way for identification of potential
natural product for its application in industrial and pharmaceutical level.
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INTRODUCTION

Endophytic fungi are microbes, which spend the whml part of its life cycle colonizing inter- andfatracellular
spaces inside the healthy tissues of the hostglgically causing no apparent symptoms of dis¢aks Mangrove
forests occurring at the interface of terrestriadl anarine ecosystems made of harsh environmerdliofitg, high
temperature and moisture and anaerobic conditionth8y developed different mechanisms to put ugh witir
environment, in this view a fascinating group ofdephytic fungi possess. It has a major role to ansthe
environment and adapts to the harsh environmerdofinytes by occupying the localized point of erdryby
spreading within the plant, they produce an arfagioactive metabolites and hydrolytic enzymesuovive in the
unique chemical environment of the host plant [2].

Rhizophoraceae (Bruguiera and Rhizophora) is a well known group in mangrove community ansloafor its
medicinal potentials. The leaves Bfuguiera species are used for reducing blood pressures femdadrks of
Rhizophora species have astringent, antidiarrhoea and antieraetivities [3]. Root, leaf and stem extracts of
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Rhizophora trees have inhibitory properties, affecting thewvgto of various human pathogenic organisms. So
exploitation of the medicinal value of these endard plants is essential, but to a greater extésiimited, due to
scarce availability. Moreover, the loss of mangrdnabitat throughout its range, primarily due téraotion and
coastal development is a threat to these plantsttere has been an estimated 24% decline in mamgir@a within
this species range since 1980 [4].

The ability to produce pharmacologically importawattural products previously only known from plantusces is
also inherent to endophytic microorganisms [2]. &ptdites thus could serve as a potential sourceawmfynplant

borne bioactive compounds. This would not onlyumthe need to harvest slow growing and possésky plants,
but also preserve the world’s ever-diminishing bredsity. Furthermore, it is recognized that a migal source of
a valued product may be easier and more econontgatoduce effectively reducing its market pricé. [bhus,

methods to tap the bioactive potential of thesatplaalong with its simultaneous preservation gaghsvance. The
current study made an effort to find out the biedsity of endophytic fungi present in two mangrgiants

Bruguiera cylindrica and Rhizophora candelaria. The antimicrobial potential and extracellular yme production
of selected endophytes were studied. While mudheinterest in endophyte bioactive compound isnfedicinal

use, compounds that may have industrial or agticailtapplications are also gaining attention. Rresiworks on
the endophyte diversity &ruguiera andRhizophora are merged and thus the work gains much relevakitampts

to explore the bioactive compounds from their restdendophytes than host plants could help to grdteese
endangered plants to a large extent.

MATERIALSAND METHODS

Collection of samplesand visualization of endophytic fungi

Plant materials of two healthy mangrove plBniiguiera cylindrica andRhizophora candelaria were collected from
Ayiramthengu, Kollam district, Kerala, India forolating endophytic fungi. Plant tissues were brduighthe
laboratory in closed polythene bags and were psackesvithin 3 hrs of collection. 2, 3, 5- Tri phefytrazolium
Chloride (TTC) staining was carried out to visualthe presence of endophytic fungi in the colledted samples.
Surface sterilized plant material was incubatedmight in TTC stain and cross sections were exathinaler the
light microscope for the presence of stained fuhgahae [6].

I solation of endophytic fungi

Plant samples were cleaned by washing under runtsipgwater, tween 80 and surface-sterilized by idipp
successively into 70% ethanol for one minute, 4%iwo hypochlorite for 45 sec, and finally rinsedett times in
sterile distilled water [7]. The surface sterilizeldnt samples were air dried under aseptic candithen it was cut
into 1cm long segments with a sterile blade andutaied on isolation medium (Potato Dextrose AgdDA) and
Malt Extract Agar (MEA)) supplemented with streptgoim (30ug/mL). The inoculated plates were incubated for 7
days until the fungal mycelia grew from the plaaingples. Pure cultures of the endophytic fungi veerecultured
on PDA agar slants and stored at 4°C for the fughelies.

The effectiveness of surface sterilization was ss=g by plating sterile distilled water aliquotedigor the final
rinse onto the surface of PDA plates supplementiétd streptomycin. The plates were examined for alrgyowth
after incubation at 25+2C for three days along with suitable controls [Bhe colonization frequency was
calculated by recording the number of isolates femoh sample [7] using the formula,

Colonisation frequency of endophytes = Number of segments colonised by fungi  x 100
Totalmber of Segments observed

Taxonomic identification of the isolated endophytiamentous fungi was done through observatiomatroscopic
and microscopic characters [9].

Screening of theisolates based on antimicrobial activity

The isolates were screened for their antibactexdivity using disc diffusion methofl0]. Potential human
pathogenic bacteria such &aphylococcus aureus, Escherichia coli, Salmondla typhi, Klebsiella pneumonia,
Proteus sp. were selected for this studysuspension of 12 hrs old culture of pathogenictdrda was spread on a
sterile Mueller Hinton agar plate onto which a fid&y old disc (5 mm diameter) of endophytic fungisvkept and
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incubated at 25+2 °C for 18-24 hrs. Antimicrobietigity was calculated by measuring zone of inhdpitproduced
by endophytic fungi against pathogenic bacteria.

The antibacterial activity of positdendophyte fungal cultures was further verified gsiell free extractfl1]. The
positive endophyte cultures were grown in potatardse broth, filtered to separate the mycelia wede extracted
2-3 times with ethyl acetate (v/v) in a separafungnel. Ethyl acetate extracts of filtrate were edxevaporated till
dryness under vacuum at%@Dand dissolved in Dimethyl Sulfoxide. Antimicrobactivity of culture extract was
assessed with a disk diffusion method.

Qualitative screening of fungal enzyme activity

The potential of the isolates to produce variousaeellular enzymes such as amylases, Laccasessesp Protease
[12] and Cellulase [13] production was assesseatilRtion of these enzymes by the fungal endoplwtesstudied
by digestion of suspended or dissolved substratagar plates after inoculation with 3 mm myceliddgs and
incubated for 3-5 days at 25+2°C. Amylase activiys assessed by growing the fungi on glucose yodsict
peptone (GYP) agar medium (glucose, 1 g; yeastetxtf.1g; peptone, 0.5g; agar, 16 g; distilledewat000 mL;
pH 6) with 2% soluble starch. After incubation, filates were flooded with 1% iodine in 2% potassiadide. For
cellulase, the fungi were cultured on yeast extpagttone agar medium (yeast extract, 0.1g; pefabey; agar, 16
g and distilled water, 1000 mL) supplemented wits?0 Na-carboxymethyl cellulose (CMC). After incubat, the
plates were flooded with 0.2 aqueous Congo reddasthined with 1M NaCl for 15 minutes. Laccagsivig was
assessed by growing the fungi on GYP agar mediuended with 1- naphthol, 0.005% (pH, 6) and incutha@n
oxidation of 1-naphthol by laccase, the medium gesarfrom clear to blue. For lipase activity, thediuwere grown
on peptone agar medium (peptone, 10 g; NaCl, SaglZ2H20, 0.1 g, agar, 16 g, distilled water, 16409 pH 6)
supplemented with Tween 20 (separately sterilized added 1 mL to 100 mL medium). Protease assay wa
performed by growing the fungi on GYP agar mediumeaded with 0.4% gelatin (gelatin, 8 g/100 mL disdi
water, sterilized separately and mixed with steBMP agar medium) adjusted the pH to 6. After iratidm, plates
were flooded with saturated agueous ammonium stépha

The zone of enzyme activity surrounding the fungabny was measured after incubation. A clear Ziommed
surrounding the colony in agar plates was consileasitive for amylase, cellulase, lipase and @steactivity,
whereas medium change from clear to blue indicptessitive laccase activity.

Molecular identification of the selected endophytic fungal isolates

Molecular identification of selected fungal cultsrghowing positive antibacterial activity or enzyastivity was
done using using ITS-PCR universal primers specifior fungal genomic DNA (ITS 1:5-
TCCGTAGGTGAACCTGCGG-31TS4: 5'- TCCTCCGCTTATTGATATGC-3'). The PCR produof 1.5 kb was
purified using illustra GFX PCR DNA and gel bandification kit (GE Healthcare). The purified ampulit were
sequenced using big dye terminator v3.2 cycle sexjng chemistry for ABI Bioprism (Applied Biosystain The
sequences were analyzed using the BLAST (www.nichirih.gov) search algorithm and aligned to theiarest
neighbors. The sequence was deposited in the NEBB&nk database.

SEM analysis of dried culture was performed by niimgnculture on specimen stubs with double adhesipe and
coated with platinum in a sputter coater and exathimder JEOL 6390 SEM JSM microscope at 10KV.

Auxanographic tests were done for identificationyefist-based on their ability to assimilate carloates and
nitrate [14]. The assimilation of carbohydrat@s assessed using Yeast nitrogen base agar seedec Wwihvy
suspension of the yeast - top agar combination (8.0100 mL of media) in a petri plate. Filter papdiscs
impregnated with saturated solutions of the carbodiys (dextrose, maltose, sucrose, lactose, galcivere
placed on the surface of solidified media and imtet) for 48 h at 25+2C. Growth of the yeast around individual
discs was detected visually and it indicated adatian of that particular compound. When the commbwas not
utilized no enhanced growth was seen. YCB (yeatioteydrate base) media were prepared and seeded/@édst
as stated above to check thitrate assimilation. In this case, two discs, onpregnated with KN@ and one with
peptone were placed on the agar and incubated.

57
ScholarsResearch Library



JishaM.S. etal Annals of Biological Research, 2015, 6 (9):55-63

RESULTSAND DISCUSSION

I solation and identification of endophytic fungi

Fungi have proven themselves as valuable sourcesawfral products for agriculture as well as bioioald
development. The mangrove plamiuguiera cylindrica and Rhizophora candelaria from Ayiramthengu region of
the Quilon district of Kerala state were collectesithe experimental plants and surface steriliz=ltly leaves
were used for the visualization and isolation odagrhytic fungi. The residence and invasion of emgtip fungi
inside the plant tissues were confirmed by Triphdretrazolium Chloride staining (fig)Lwhich is based on the
activity of respiratory enzymes [6]. Tri phenyl Taolium chloride is a water soluble heterocycligamic salt that
can be easily reduced to a highly colored (dark iresbluble product called Formazann. As the furiyahae grew,
the dye got incorporated into the fungal cell andias reduced to an insoluble dark red pigment &ann. The
dark red color is found only in the area wherefthregus grows.

A total of 31 different endophytic fungal isolatesre obtained from healthhizophora candelaria andBruguiera
cylindrica. A high colonization frequency of endophytes wasnfibin Rhizophora candelaria (42%) compared to
Bruguiera cylindrica (35%). Bacterial and fungal colonies were not obseéron sterility control plates after 3 days
of incubation. Based on their morphological androscopic properties the fungal isolates were idiedtiasPhoma
sp, Mucor sp, Pencillium sp, Aspergillus niger, Phomopsis sp, Acremonium sp, Cheatonium sp, Arnium sp,
Dematacieae, Eutypella sp, Fusarium sp, Aphanoascus sp, Botrytis sp, Geotrichum sp, Aspergillus flavus,
Aphyllophorals sp. and Nigrospora sp. Most of the endophytic fungal isolates werenidied by morphological
observations (Fig 2a and 2b). But the remainintates couldn't be completely identified becauséack of spore
formation in the media. It was also correlatedhe viewpoint that identification of microorganisisslated from
plants, mainly filamentous fungi, is very compl&¥].

In this study, some of the endophytic fungi, sastiPhoma sp, Fusarium sp., Penicillium sp. were not host specific
and were isolated from both the host plants. Thiseovation substantiates former reports suggestimpphyte
assemblages were common to more than one host avangariety [16].Mucor, Cheatomium sp, Eutypella sp,
Botrytis sp., Acremonium sp were also isolated from mangrove plants undetystThe results of this study support
previous findings [7] who reported that the vadatin distribution of fungal endophytes, were nestricted to a
single species, genera and family. Endophytes dshlmmw host specificity, however, certain fungakkges appear
with greater frequency in plants representing paldir families and thus denote host preference [17]

Antimicrobial activity of theisolates

The antimicrobial activity of isolated endopytinfyi were tested against human pathog&weplyl ococcus aureus,
Escherichia coli, Klebsiella pneumonia and Proteus) by disk diffusion method. Two endophytic fungablates
(MEF 21 and MEF 17) inhibited all the four test noierganismsand were selected. The isolate MEF 21 exhibited
highest antimicrobial activity against pathogensnpared to second selected isolate MEF 17. Thaecedtract of
ethyl acetate was dried in oven, dissolved in DMB1@ again tested for the antibacterial activitpl@al). The need
for new antimicrobial agents, in general, comesnfrthe increasing rates of resistance to existingpiatics.
Medicinal plants have been recognized as the repgsiof fungal endophytes with novel metabolites of
pharmaceutical importance [18].

Enzyme activity of thefungal isolates

Wood-inhabiting marine fungi serve as a potentiairse of exoenzymes [19], [20] . All the endophytiagi were
tested for their enzyme activity. Fig 3 represehts percentage of enzyme activity of endophytioghlrisolates.
Among the isolates MEF14 gave a positive react@refl the tested enzymes (fig 4), while 11 of ibelates were
able to degrade starch by amylase enzyme. Amangstiates some fungi showed significant zone @érelnce in
starch agar plate indicating their ability to produa good amount of amylase enzyme. Proteasesna@tant
enzymes used in clinical applications, especialljtreatments of diseases like diabetes [21]. Is $study five
isolates showed significant protease production.

Endophytes are able to decompose polymer carbotegdsach as cellulose [22]. The present study stisaws that
six of the mangrove endophytes could produce @akd. Most of the soil fungi produce lignocellulosedifying
exoenzymes like laccase. In this study ten of sliates showed laccase activity, representing thealvement in
the litter degradation. Laccase activity alreadyoréed in many marine fungi [23], [7] but only avfeesearchers
has only studied the physiology and biochemistrtheke fungi. Only 2 fungal isolate showed lipastéviy. These
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fungi have the ability to utilize fat as their eggrsource. If the endophytes are capable of produektracellular
enzymes [24], it is highly likely that the endopdytcan also act as wood degrading fungi. Wood deggdungi
are well-known in mangrove habitats.

I dentification of the selected isolate

The isolate MEF 21 was selected based on its agridimial property and MEF 14 was selected for theyere
activity test. Colony characteristics of the isel#EF 21 suggested that it was yeast, so it waede®r the
biochemical test of assimilation of carbohydratd aitrate test. The selected isolate was ableili@eibnly glucose
and galactose and unable to assimilate nitratemRhese findings MEF 21 was identified @eotrichum sp. (fig

5). MEF 14 formed white and cottony, cream-coloiedeverse, with no fruiting structures. After abduweek,
MEF 14 was developed black spotters, and the rex@de became almost black in agar plate, whi3nweeks it
was produced yellow pigmentation in the potato aese broth (fig 6). Based on molecular analysiMéf 14 and
MEF 21 was identified aButypella sp. andGeotrichum candidum respectively. The ITS- specific regions of MEF
14 and MEF21 were sequenced and deposited in N@Bbdse under accession numbers JX477425 and J2@8774
respectivelyEutypellais a filamentous fungus ar&eotrichum candidum is yeast, both of the isolate belongs to the
phylum Ascomycota.

Table 1: Measurement of zone of inhibition of fungal culture extract against pathogenic bacteria

Extract of thefungal isolates | Klebsiella | Proteus | Staphylococcus aureus | E.coli
MEF 17 7mm 9mm 10mm 7mm
MEF 21 10mm 12mm 12mm 16mn

Fig 1: Microscopic observation of endophytic fungi in mangrove leaf by TTC staining

Fungal hyphae

Fig 2a Morphological observations of endophytic fungal isolates
(a) Mucor sp. (b)Fusariumsp. (c)Phoma sp. (d)Penicillium sp
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Fig 2b Microscopic structures of reproductive stages of endophytic fungi by lactophenol cotton blue staining (a)Botrytis (b) Mucor sp (c)

Fusarium sp. (d) Aspergillus sp.(e)Cheatomium

40%
35%

25%
20%
15%
10%
5%
0%

Percentage of enzyme
activity

30% -

lil.

Amylase cellulase laccase lipase protease

Fig 3 Graphical representation of percentage enzyme activity of fungal isolates
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Fig 4 Enzymatic activity of endophytic fungal isolates

(a) Blue coloration around the colony indicated the (b) Clear zone showing degradation of sodium
oxidation of GYP (Glucose, Yeast extract Peptone) carboxymethyl cellulosein YPA medium by cellulase
medium containing naphthol by laccase enzyme of MEF enzyme of MEF 14
14 and MEF 23

(¢) Clear zone showing degradation of gelatin in GYP (d) Clear zone indicating degradation of starch in GYP
medium by the protease enzyme of MEF 12, MEF 13 and medium by amylase enzyme of MEF 14 and MEF 21
MEF 14

(e) Clear zone around the colony indicated lipase positive fungi shown by MEF 14 only.

Fig 5. Identification of MEF 21 (A) colony mor phology (B) lactophenol cotton blue staining (C) SEM Analysis
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Fig.6 Identification of M EF 14 (a) colony mor phology (b) Pigmentation observed in culturefiltrate

CONCLUSION

Studies on mangrove endophytic fungi were showed ithhas an extremely diverse fungal flora thajetber
contribute to the stress adaptiveness and prodiyativmangrove plants. These endophytes contribigeificantly
to the growth of its host plants by secreting vasi@ntimicrobial compounds, thereby inhibiting iitsasion by
pathogens. Secretion of a wide range of extraeellahzymes by endophytes also complements to theneed
absorption availability of nutrients by plants. &ming of these fungal resources could help ussiwoder many
valuable sources for novel metabolites and enzyfies.use of easily growing yeaseotrichum candidum as a
source of antimicrobial compounds as suggestedigystudy is an example. The isol&stypella proved to be a
valuable candidate for the production of multiplezygmes and it could be exploited in many industt@snake
economically important innovations. To the besbof knowledge, the current work is unique beingfitet report
on the endophytic potential mycotic diversityBriguiera andRhizophora.
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