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ABSTRACT KEYWORDS
Vibrio wulnificus is a mortiferous pathogen accounting for 95% of all Vibrio wulnificus;
deaths related to sea foods. The objective of this study is to isolate Heomolysin;
secondary metabolites from endophytic fungi, that binds to SmcR (a Protease;

guorum sensing regulator) in such a way that it down regulates metallo
protease gene with no alterations made in the domain of SmcR that
represses hemolysin. The extract was analyzed by GC-MS, from which
seven secondary metabolites were identitied by comparing the mass
spectral datawith NIST library. Potential lead (V'V SI3) wasfound through
docking studies that could effectively bind to SmcR and curb its action.
Based onthis, in vitro work was carried out which exhibited anoteworthy
drop-off in protease activity of Vibrio vulnificus, proving it to be apotential

Aspergillusterreus.

drug lead. © 2014 Trade SciencelInc. - INDIA

INTRODUCTION

Vibrio wulnificus, ahuman opportuni stic pathogen
causesgadtrointesting infectionsleading to primary sep-
sisand wound infection2, Based onthebiochemica,
serological properties and host specificity, Vibrio
vulnificusisclassifiedintobiotype 1, 2 and 3. Bio-
type 1 causesdiseasein human after ingestion of raw
oystersor through open wound infection throughin-
fected seawater. On the other hand biotype 2 strains
arefound only in eels or seawater inhabited by eels
under normal circumstancesbut infectshumanswhen
diseased eelsare consumed!”®. Later biotype 3, ahy-

brid of biotype 1, 2 wasidentified infresh water farms,
which aso causeslargedisfiguring ulcersthat require
extens ve debridement or even amputation. But among
al thebiotypes, biotype 1iscommon causing infection
along the coast of several countrieslike USA, Korea,
Europe, Taiwan, Chinaand commonly seenin Gulf of
Mexico®*, Vibrio wulnificusiliness has one of the
highest mortality rates of any foodborne disease and
hasemerged asafood safety issuein anumber of coun-
tries. Very few studies were only carried out on the
occurrence of Vibrio wulnificusintropica waterssuch
asIndia Hencevery littleinformationisavailableon
the prevalence and habitat of thisorganismintropical
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waters. Thepathogenicity of thesestrainsare controlled
by thequorum sensing syseminvolvingaquorumregu-
lator, SmcR. It impartsastrong control over cytotoxic-
ity by parald y repressing hlyU, an activator of rtxAl
and vwhA M,

Mutualism isobserved between endophytic fungi
and many plantsinwhich thefungi colonizethe plant
tissuewithout causing evident harmto them, inturn pro-
tectingthemfrom theinvadion of pathogens. Thesewide
rangesof endophyticfungi produceantimicrobia sthat
have shownto aid the battle against pathogensand even
cancersin animalsand humang>19,

Sowea mto screen, identify an endophytic fungal
compound to antagonize SMcR action over cytotoxic-
ity and retaining itssame behavior of repressing hlyu.

MATERIALSAND METHODS

Test strain used for the study

Thetest microbid strain of human pathogen, Vibrio
vulnificus[MTCC 1145] was procured from the In-
stituteof Microbia Technology [IMTECH].

Samplecollection, processing and identification of
an endophyticfungi

Themangroveleaves collected from the coast of
Chidambaram, Cuddalore District, Tamil Nadu were
filtered to remove the suspended sand and other dirt
particles. Further they were surface sterilized in 5%
Sodium hypochloritefor 5 minutesfollowed by tregting
with 75% ethanol for 30 seconds. The surface steril-
ized leaveswere chopped, grounded inamortar and
pestle and added onto 100ml of Potato Dextrose Broth
(PDB) and incubated at 37°C. As the fungal growth
was observed, subsequent seria dilution wasdoneto
obtain pure culture of endophytic fungi in Potato Dex-
troseAgar (PDA). Thefungal specieswereidentified
targetingtheir 16srRNA genes.

Secondary metabolites extraction and fraction-
ation

Theidentified endophyticfungi, Agpergillusterreus
weregrown in PDB in static condition at 37°C for 30
days. Theextract was separated using filtration proce-
dure[Whatman No 1]. Ethyl acetatewasaddedin cul-
turefiltrateand the compoundswere separated usinga
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separating flask and concentrated in arotary vacuum
evaporator. Thedry semi solidresiduewasagaindis-
solved in ethyl acetateand 1 pl of the sample was in-
jected to GC-M Sanaysis(Perkin Elmer Clarus-500)
toidentify itsconstituent compounds. The conditions
were set asfollows: the oven temperaturewas set with
arangeof 50°C at 8°/min to 220°C [2 min] at 7°C/min
t0 280°C, the mass range was set at 40 to 600amu and
the dectron ionizationwasfollowed. The compounds
wereidentified in comparison with the obtai ned spec-
trawiththe NIST 2005(Nationd Ingtitute Standard and
Technology) massspectral library.

Ligand and protein preparation

A tota of seven compoundswere obtained by the
GC-MSanaysisof the ethyl acetate extract of (EF).
The molecular model of SmcR was prepared using
Schrodinger’s protein preparation wizard and a rigid
modd wasprepared. Theligand structureswere down-
|oaded from Pubchem [ http://pubchem.ncbi.nim.nih.gov/
] in SDF format and were prepared for docking using
Schrodinger’s ligprep module. Dimerization is found to
beimportant for the SmcR-DNA complex stabiliza-
tion. It hasbeen already found that the sites L eu-165,
Tyr-171, Tyr-193, and Met-196 arecritical for dimer-
ization in SmcR and hence they were chosen as the
target Sites.

Docking studies

Docking studieswere carried out using glide mod-
uleof Schrodinger. The ligands that docked with low
binding energy producing high glide scoresweretaken
to potentid leads.

Invitro experimentsto assessanti-quor um effect

To study the quorum effect of Vibrio vulnificus,
experimenta studies( growth curve, totd protein, pro-
tease assay, hemolysin assay) were done by growing
Vibrio vulnificusin nutrient broth with 2% NaCl con-
taining varying concentration of theextract (1, 2, 3, 4,
5, 10ug/ml) respectively. The dose response effect of
thecrudelibrary of endophytic compound was observed
in atime dependent manner (0, 2, 4, 12 hours).

1) Growth curvestudy

Thesamplewhichwascollected withatimeinter-
vd of two hourswas measured for absorbanceat 600nm
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to check for antimicrobia activity of theextract which
leadstoreductionin O.D.

2) Total protein estimation

Thetota proteinwasestimated by Hartree-Lowry’s
method. To 1mL of sample, 0.9mL of reagent A (7mM
NaK tartrate, 0.81M sodium carbonate, 0.5N NaOH
final concentration) was added and wasincubated for
ten minutesin water bath (50 °C). After the mixture
was cool ed to room temperature, 0.1mL of reagent B
(70 MM NaK tartrate, 40 mM copper sulfate) was
added and incubated at room temperaturefor 10 min-
utes. 3mL of reagent C (1 volumeFolin-Ciocateau re-
agent diluted with 15 volumes of water) was added
quickly to theabovemixtureand incubated for tenmin-
utes in a 50 °C bath. The absorbance was read at
655nmi*7,

3) Protease assay

Azocaseinwasthe substrate used to e ucidate pro-
teaseactivity. 100ul of the sample supernatant was taken
along with 400ul of 1% azocasein and kept at 37 C,
undisturbed for 30 minutes. Then 600wl of 10% trichloric
acid was added and incubated on icefor 30 minutes.
After 30 minutesthe mixturewas centrifuged and su-
pernatant wasrecovered. To 800ul of supernatant 2001
of 1.8N sodium hydroxide was added. Then absor-
bance was measured on a spectrophotometer at 420
nmi8l,

4) Hemolysin assay

50ul of 3.5% of sheep blood in Phosphate buff-
ered saline (PBS) was added to 450ul of sample su-
pernatant and kept at 30C for one hour. Then thismix-
turewas centrifuged and its absorbance was measured
with aspectrophotometer at 405nm. The experiment
waspeformedintriplicates. The percentageof hemoly-
siswascalculated by finding the differencein absor-
bance of the sample and blank divided by the absor-
bance of the control (maximum absorbance). The con-
trol was 100% osmotic hemolyzed sheep erythrocytes
inde-ionized water.

RESULTS
NCBI — BLAST results showed that the endo-

phytic funguswas Aspergillusterreus.
GC-MSanaysisof ethyl acetate extract of Endo-
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phytic fungi: Theethyl acetate extract of EF was sent
for GC/MSanalysisand total of 7 secondary metabo-
liteswereidentitied by comparing the mass spectral data
with NIST library (TABLE 1).

TABLE 1: Ligt of ligandsidentified from (EF) using GC-MS
analysis

Retention

S.No. )
time

Peak Name

Name: Cyclohexane, 1-ethenyl-1-
1 methyl-2,4-bis(1-methyl ethenyl)-
Formula: C15H24, MW: 204
Name: Bicyclo[7.2.0lundec-4-ene,
4,11,11-trimethyl-8-methylene-
[1R-(1R*,4Z,9S")]-
Formula: C15H24, MW: 204
Name: Pyrrolo[1,2-a]pyrazine-1,4-
dione, hexahydro-3-(2-
methyl propyl)-
Formula: C11H18N202, MW: 210
Name: Sperminutese
Formula: C10H26N4, MW: 202
Name: Pyrrolo[1,2-a]pyrazine-1,4-
dione, hexahydro-3-(2-
methyl propyl)-
Formula: C11H18N202, MW: 210
Name: Pyrrolo[1,2-a]pyrazine-1,4-
dione, hexahydro-3-(2-
methyl propyl)-
Formula: C11H18N202, MW: 210
Name: Pyrrolo[1,2-a]pyrazine-1,4-
dione, hexahydro-3-
(phenylmethyl)-
Formula: C14H16N202, MW: 244

15.42

16.05

22.14

22.65

23.73

24.07

33.40

Docking studies

Docking andysiswascarried out using Schrodinger
softwaretofind potential leadsthat would effectively
bind to SmcR and curbitsaction. Thestructureof SmcR
wasreferred from Kim et al.*9. The compoundsthat
showed promising resultsareshownintheFigure 1. It
wasfoundthat VV Sl 3 showed thebest interaction with
good binding energy (-5.71 kcal/moal). The other com-
pound V'V SI7 had abinding energy of -5.5 kcal/mol
(Figure 2). By comparing theresultsit wasfound that
Pyrrolo[1, 2-a] pyrazine-1, 4-dione, hexahydro-3-(2-
methyl propyl) showed potential to be used asaprom-
ising lead after further structural modifications (Figure
3).

Invitro assay resultsfor regul ation of the expres-
sion of the extracel lular virulence factorsencoded by

s LBioTechnology
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Figurel: Theligandsthat showed best binding ener gy with
SmcR identified from ethyl acetateextract of (EF): A- Pyrrolo
[1, 2-a] pyrazine-1, 4-dione, hexahydr o-3-(2-methylpropyl)
VV S 3; B- Pyrrolo[1,2-a]pyr azine-1,4-dione, hexahydr o-3-
(phenylmethyl) VVSI7
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Figure2: VVSI3making hydrogen bond with the Ser 118 of
SmcR. Residueswithin 4A°arealso shown

Figure3: Docked model of ligand(VV Sl 3) intotheactivesite
of SmcR

WpE and wWhA - The expression levels of wpE and
wWhA wereanaysed under various phasesof anti SmcR
Pyrrolo[1, 2-a] pyrazine-1, 4-dione, hexahydro-3-(2-

methylpropyl) in atime dependent manner in Vibrio
vulnificus has been analyzed (Figure 4). Thefunga
endophytic crude extract has been tested against the
growth of Vibrio vulnificus. Growth seem to be unaf-
fected even after the addition of the endophytic crude
extract fungal extract increases growth seemsto be
considerably affected. Thisreved sthat the endophytic
fungal extract does not inhibit growth of Vibrio
wulnificuswhich showsthat it may work through quo-
rum sensing pathway.

Growth curve
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Figure4: Timeand concentration dependent analysisof the
cell growth

Proteolys swasfound to berapid between thehours
6to 8 (Figure5). Hence variable concentration of en-
dophyticfungd extract wastested againg theproteolysis
for that specific time period. Considerabledecreasein
proteolysiswasobserved in all concentrationsof the
crudeextract. Hemolysisactivity was observed asde-
pictedin Figure®6.

Thefirst graphisthe positive control (without the
extract) and the second showsthe % Hemolytic activ-
ity at 10ug/ml. It could be inferred from the graph that
the% Hemolytic activity remainsrepressed after addi-
tion of the Endophytic funga extract.

DISCUSSION
The objectivein view wasto regulatethe quorum

sensing receptor of Vibrio vulnificusin away that it
can down regul ate protease without affecting the do-
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Figure5: Time and concentration dependent analysis of
proteaseactivity
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Figure6: Timeand concentration dependent analysisof the
haemolytic activity
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mainthat represseshemolysin. Potential lead obtained
through docking studiesshowed expected bindingwhich
can beinferred such away that the potentid compounds
present in the extract can regulate the SmcR as ex-
pected. Thiswasa so verified throughinvitrovalida
tion using thefunga extract which gaveresultssmilar
to thedocking studies. Thisstatesthat the compound
Pyrrolo[1, 2-a] pyrazine-1, 4-dione, hexahydro-3-(2-
methyl propyl) VV SI3 can be used as potentia drugs
against Vibrio wulnificusinfections.
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