ISSN : 0974 - 7435 Volume 9 |ssue 2

LioSechn o/oyy

A Tudian Goarnal
—==> FyLL PAPER

BTAIJ, 9(2), 2014 [56-66]

Molecular characterization of cholera autoinducer-1(CAl-1) mimic
as a potent CC{SS receptor agonist
Srikkanth Balasubramanian, M.Hema, R.S.Santhosh, Karthi Shanmugam, S.Adline Princy*

School of Chemical & Biotechnology, SASTRA University, Thanjavur -613402, Tamil Nadu, (INDIA)
E-mail : adlineprinzy@biotech.sastra.edu

ABSTRACT KEYWORDS
Thebinding of the signaling molecule CholeraAuto inducer-1 (CAl-1) to CholeraAuto inducer-1;
the cognate transmembrane receptor CgsS regulates the behavioural CgssS,;
pattern in Vibrio cholerae. CAI-1 serves as the liaison between Vibrio Melia dubia;

Vibrio cholerae;
4-Ethyl Resorcinol.

species thereby, regulating their virulence & pathogenecity. This study
highlightson thein-vitro characterization of CAl-1 mimic moleculesfrom
Melia dubia leaf extract. The methanol fraction of the aqueousleaf extract
that muffled the Haemolyis & Biofilmformation ssmultaneoudly, enhancing
the production of extracellular protease and oxidative stress response in
aLow Cell Density (LCD) condition was subjected to GC-MS analysis
which unmasked an array of 19 compounds. Molecular Docking was
chosen as a tool to predict the compound that had a greater binding
affinity to CgsS receptor than the native CAl-1. Consequently, through
in-silico analysisit wasfound out that 4-Ethyl Resorcinol in the methanol
fraction had the maximum binding affinity. Further experimentsin-vitro,
validated the prediction that 4-Ethyl Resorcinol in Melia dubia leaves
was apotent CAl-1 functional mimic moleculei.e. CgsS receptor agonist.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Poor sanitation and hygiene are the two reasons
that have bol stered theincidence of intestind infections
in many underdevel oped and devel oping countries.
Choleraisonesuch diseasethat iscaused by thewater
borne pathogen Vibrio cholerae. Ample numbers of
Choleracasesaregauged every year onagloba scale.
According to oneof thereports, about 37,783 cholera
cases (84 Desaths) wereincident in the Indiabetween
1997-2006 but only very lessnumbersweregiven for
WHO Recordg!. Conventional therapy employsthe

administration of antibioticsto dacken theworse con-
ditions. Antibioticslike Furazolidone, Erythromycin,
Trimethoprim-Sulphamethoxazol e, Chloramphenicol,
Azithromycin, Ciprofloxacin are preferred for adult
administration>4 whereas, Erythromycin and
Azithromycinarewiddy preferredfor childrenand preg-
nant women*®l. Theforemost limitation with thecon-
ventiond therapy isthedevel opment of MDR strainsof
Vibrio cholerae makethistherapy abortive?. There-
fore, anAnti-Virulent rather than anAnti-Bacterid drug
isvita to counteract Cholera

Thediscrete behavioral pattern of bacteriato the
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diversemilieuthey faceisan outcomeof thecommuni-
cation betweenthem called Quorum Sensing (QS). This
is facilitated through chemical molecules called
autoinducerswhich bind to specific receptorson the
bacterid cell. While QS up regulatesvirulencein most
of the pathogens like Pseudomonas aeruginosa and
Uropathogenic Escherichia colit®®, paradoxicaly QS
down regulatesvirulencein Vibrio cholerae. CAI-1
and Autoinducer-2 (Al-2) serveasthecell signaling
moleculesin Vibrio choleraefor inter-Vibrio and inter
speciescommunication’®¥, CAl-1issynthesized by
the enzyme CqsA®1, Under the conditions of Low
Cell Density (LCD), Lower concentration of CAI-1
resultsin thekinaseactivity of its cognate transmem-
brane receptor CgsS. CgsS transfers the phosphate
group to aprotein called LuxU andthis, further trans-
fersittotheregulator protein LuxO. LuxOisthepoint
of convergenceof boththesystem | (CAI-1) & system
Il (Al-2)25, System 111 (signal remains unknown)
convergeswith Systeml & Systeml| at LuxO protein
through activation of VarS/A pathway but the exact
mechanism of theseriesof stepsthat occur to activate
LuxO isunknown(**18, Phosphorylated LuxO along
with c>isinturn, atranscriptional activator of 4 Quo-
rum regulatory RNAs (Qrrl1-4). Qrrl-4 bound to the
RNA chaperone Hfq, binds to mRNA transcript of
HapR (theglobal virulencerepressor proteininVibrio
cholerae). Thishinding rendersthetrandation of HepR
impossible*,

HapR isatranscriptional repressor of VpsT, the
latter isatranscriptiona activator of genesrequired for
bio filmformation™-18, HapR also repressesthe pro-
duction of AphA, aprotein needed for activation of
CholeraToxin & Toxincoregulated pilin(themainviru-
lencefactors of Vibrio cholerae)™. HapR represses
Haemolysin, the mgjor virulence factor of Vibrio
choleraeBiotype Eltor both transcriptionally and post-
trandationaly (Amy MT et al., 2010). HapRisasoan
activator of HgpA proteaseand RNA polymerasesgma
factor (RPOS 6. HapA protease serves as a
“detachase” in detaching the Vibrio choleraecellsfrom
thehuman cells, viadigestion of GM-1 receptor of hu-
man intestina cells, which servesasabridge between
bacterial and human cellg?!. 6> increasesthe stress
response of the bacterid cellsto extremenutrition and
oxidative conditions?Y. Thus, under LCD conditions,

virulencefactorslike Choleratoxin, Toxin co regulated
pilus, Haemolysin, Bio film are expressed but factors
like HapA protease, o> are repressed because of the
absence of trand ation of HapR mMRNA transcript. At
High Cdll Density (HCD), thebinding of CAl-1tothe
cognate receptor switches CqsS from functioning as
kinaseto phosphatase enzymes. Ultimately, there oc-
cursdephosphorylation of LuxO protein, which brings
about repressionin grr1-4 production. Qrrl-4 repres-
sion subsequently leadsto asuccessful trandlation of
HapR mRNA transcript. Asaresult, virulencefactors
likeHaemoalysin, Biofilm, Choleratoxin, Toxin coregu-
lated pilus are repressed and HapA protease and 6>
areexpressed at HCD conditions. Hence, it could be
inferred that “virulence and auto inducer concentration
areinversely proportiona” in case of ibrio cholerae.
Exploiting thebacterid camaraderieusngsignd inter-
feringmimic moleculesisaway used hereto bafflethe
Vibrio cholerae QS system which ultimately aims at
suppressingthevirulencefactors& pathogenecity dur-
ingtheearly hoursof aninfection. Theefficacy of Mdia
dubialeavesto serveas CAl-1 mimic sourcewasin-
vestigated inthisresearchwork.

Melia dubia (Mala vembu) aplant of Meliaceae
hasawidearray of medicinal properties. Various parts
of thisplant have been used asafolk medicineinthe
treatment of Urinary Tract Infections (UTIs) in south-
ern parts of Tamil Nadu. Even though the exact bio-
logical activity of thisplant remainsunknown, thefaith
intraditiona folkloreshasdriventheusageof thisplant
asatraditional medicine. Mdiadubiahasawiderange
of quorum gquenching moleculesthat target the SdiA
protein of Uropathogenic Escherichiacali®. Thus, this
plant wastaken into consideration for evaluating its
dexterity against Cholera.

MATERIALSAND METHODS

Extraction of plant material

Melia dubia, a species from the town
Kumbakonam, nearby Thanjavur, Tamil Nadu wasgath-
ered. Dr. M. Jegadeesan identified and authenti cated
theplant materids. Thevoucher herbarium (TUH 285)
specimens of the plant were deposited in the Depart-
ment of Environmenta and Herba Science, Tamil Uni-
vergty, Thanjavur, Tamil Nadu, India. Theleavesof the
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plant were dried and powdered. Since, extractionis
difficult fromfreshleaves, dried leaveswereused. Cold
Percolation method described by!® wasemployed. In
thismethod, to about 100 g of dried leaves, 900mL of
solvent (water) was added. After 72 hoursof percola
tion, the supernatant was recovered by filtration and
the solvent in the supernatant was evaporated. Finally,
theagueousextract waslyophilized and stored at -80°C
inamber colored bottles.

Biofilm assay

This assay was done as described by Sabu Tho-
masetal.?. Inthisassay, 10 uL of the ibrio cholerae
culture purchased from Microbia Type Culture Col-
lection (MTCC), Chandigarh (MTCC 3905), was
added to a96-well microtitre plate having 100 puL of
LB medium and 100 L of the testing component (Sol-
vent fraction/Candidate drug). Thiswasincubated in
room temperature. Planktonic cellswerewashed off.
Thisstep wasfollowed by washing thewe Istwicewith
de-ionizedwater.210 pL of 0.1% Crystal Violet (w/v)
was added to the wellsand ashort incubation time of
10 minuteswasgiven. Dyewasdiscarded and thewells
were again washed twice with de-ionized water. Fi-
nally, the crystal violet adhering to the bio film was
solubilisedin 210 uL of Dimethyl Sulphoxide (DMSO).
Optica Density (OD) wasmeasured at 595 nminBio
Radi-Mark microplate reader.

A graphof OD at 595 nm vs. concentration of the
fraction/candidate drug was plotted and the Minimal
Biofilm Eradication Concentration (MBEC) wasfound
out. Three sets of experiments were carried out one
without any drug which wasaimed at comprehending
thebiofilm patternat regular timeinterva sand theother
two were done with the fractions and the predicted
compound in thefraction (candidate drug).

Haemolysis assay

This procedurewasamodification of theonedone
by Amy et al.>3 & Annette et al.?4. 10 mL of sheep
blood was centrifuged at 2400rpm for 5 minutes. The
pellet obtained was washed twicewith 10 mL Phos-
phate Buffer Saline (PBS). 10 uL of this erythrocyte
sugpens on wasincubated with the cell supernatant (that
was previoudy obtained by centrifuging thecell culture
sampleat 12400rpm/10 minutes/20° C) for 1 hour at
37°C. Finally, this incubated sample was centrifuged at
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2400 rpm/5 minutes. Optica density of the supernatant
obtained wasread at 540 nmusing 1 % Triton X asthe
positive control. Water a ong with theerythrocyte sus-
pension wascons dered to betheblank. % Haemolys's
wascd culated usngthefollowing formula:

Absorbance(Sample) — Absorbance(Blank) )
Abhszorbance(Positive Control)

Thisexperiment wasdonein thefollowing man-
ner:

2oHasmolysis =

e Every hour the supernatant was subjected to
Haemolys sassay, to understand theexpresson pat-
tern of Haemolysin produced by Vibrio cholerae
BiotypeEltor

e Theculturegrown wasgrown aong with the sol-
vent fraction that had the best anti-biofilm effect,
for 7 hours (LCD) and the culture supernatant was
tested for haemolytic activity

e Similarly, culturewasgrownwiththecandidaiedrug
(Predicted cdll sgnding mimicinthefraction) for 7
hours and the culture supernatant wastested upon
for haemolytic activity.

Protease assay

Azocasain assay wasemployed for quantitative es-
timation of protease. This method was described by
Hiroaki et al.®. Cell supernatant was obtained by cen-
trifuging theculturetubesat 2600 rpm/10 minutes/4°C.
200uL of supernatant was incubated with 800 uL of
Azocasainfor 30 minutesat 37°C. To this volume, 1200
uL of 1% Tri Chloro Acetic Acid (TCA) was added to
arrest theenzymatic reaction. lceincubationfor 30 min-
uteswasdoneand it was centrifuged at 13000rpm/5
minutes. To 1600 pL of this supernatant, 400 pLof 1.8N
NaOH was added. Optical density was measured at
420 nm againsttheblank (Azocasain+ TCA + NaOH).
Proteolytic unit was ca culated using thefollowing for-
mula

Absorbance at 420nm
Absorbance at 600nm @

Proteolytic Unit =

Thisexperiment wasagain carried out in thefol-
lowingmanner:

e Every hour the supernatant was subjected to
Azocasein protease assay, to understand the ex-
pression pattern of HapA protease produced by
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Vibrio cholerae Biotype Eltor

e Theculturegrownwasgrown aong with the sol-
vent fraction that had the best anti-biofilm effect for
7 hours (LCD) and the culture supernatant was
tested for Proteolytic activity

e Similarly, culturewasgrownwiththecandidatedrug
(Predicted cdll sgnding mimicinthefraction) for 7
hoursand the culture supernatant wastested upon
for haemolyticactivity.

Oxidative stress response assay:

This assay was based on stress response of the
Vibrio cholerae to H,O,”. 15mM H,O, was incu-
bated with culturefor varioustimeinterva s (30 minutes
& 60 minutes). The% surviva countswerecaculated
based on time zero and indicated time points plate
counts. The experiment wasrepeated for LCD (7" hour
sample), HCD (15" hour sample), crude CAl-1treated,
M ethanol fraction treated and Candidate drug treated
Vibrio cholerae Biotype Eltor strain.

The stressresponse profile was eval uated based
on plotting agraph of % survival vs. culture samples
treated with variousmoieties. Theincreased stressre-
sponse correspondsto the production of RPOS (RNA
Polymerase Sigma Factor — ¢*) whichinturnisacti-
vated by HapR. Thisassay wasdonein order to con-
firmthebinding of CAl-1 mimicmoleculewhich acti-
vatesthe production of HapR. Thus, to confirmthat the
cdl sgnaling mimic actsthroughthe QS pathway, this
assay was performed.

Antibacterial assay

Antibacteria assay was done as per the protocol
described by Niaz R et al.?9, Sterile discs impreg-
nated with themethanol fraction of Mdiadubia ageous
leaf extract were placed on Mueller Hinton Agar me-
dium, lawn cultured with Mbrio cholerae BiotypeEltor
strain. The plateswereincubated overnight in anincu-
bator at 37°C. Plates were observed the very next day
for zoneof lyss. Theexperiment wasrepeated to check
for theAnti-bacterial effect of the Candidate drug.

GC-MSAnalysis

Themethanol fraction of the aqueous | eaf extract
of Mdia dubia that showed thebest anti virulent activ-
ity was subjected to GC-M Sanalysisfor prediction of
compounds using aPerkinElmer Clarus500 GC-M S

system. The oven program was kept at the tempera-
ture 60°C at 7°C/ min and ramped at 150°C (2 min-
utes) at 8°C/minute to 250°C (10 minutes). Helium (1
ml/min) wasused ascarrier gas. Theinjector tempera
ture was adjusted to 280°C and the mass range was
set at 40-600 amu. 2 pL of sample dissolved in metha-
nol wasinjected into the system. The compoundswere
identified by the comparison of their spectrawith those
intheNIST (National Institute of Standard and Tech-

nology) massspectrad library.
COMPUTATIONAL STUDIES

Homology modeling of vibrio cholerae cgss pro-
tein

The amino acid sequence of the transmembrane
CA\I-1 receptor protein, CgsS of Vibrio cholerae Eltor
(Uniprot Accession Number: Q9KKM66) wasloaded
into modeler 9v8 and searched for homology using
BLAST Homology search optionin Schrodinger Mae-
gro. Theproteinthat had the maximum sequence simi-
larity to CgsS receptor was chosen asthetemplateand
about 10 model swere generated independently in the
modeler. Themode with theleast Root Mean Square
Deviation (RM SD) valuewas sel ected and was saved
inmol 2 and pdb formatsfor docking studies.

Ligand and protein preparation

The 19 compounds reported by GC-MS of the
methanol fraction of Melia dubia agueous|eaf extract
weredrawnusingACD Chemsketch. Theenergy mini-
mized 3D ligand filewas prepared for docking using
Schrodinger LigPrep software. The modeled CqsS was
prepared for docking by using protein preparation wiz-
ard of Schrodinger Maestro. Receptor grid was gener-
ated encompassing thesiteswith 0.375A spacing.

Molecular docking

Docking studieswere conducted using the Glide
application of Schrodinger Maestro. The ligands and
the prepared protein fileswereimported and docked
using XP precision. Theligandsthat have docked pose
with G Scorelower thanthat of thenatura ligand CAl-
1 wereidentified and deemed the potentia leads. The
compound havingtheleast G score (Candidate Drug)
was further tested upon in-vitro for CgsS receptor
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agonism and anti-virulent properties.
Cytotoxicity —MTT assay

MTT Assay'? was employed to assess the cyto-
toxic effects of the candidate drug (4-Ethyl Resorci-
nol). HEp-2 cellswere purchased from NCCS, Pune.
Ina96well microtitreplate, 100uL of DMEM medium
wasadded to 100 uL of HEp-2 cells (10°cellg/mL) dong
with growth and medium control. Thiswas subjected
t0 5% CO, incubation for 24 hours. 100 uL of candi-
datedrug (4-Ethyl Resorcinol) [0, 10 & 25foldscon-
centration] wereadded, again anincubation timeof 24
hoursin a5% CO,was allowed. Then, 10uL of (10
mg/mL) MTT was added & 5% CO, incubation was
done (3 hours). Finally, spent medium wasdiscarded
& replaced with 310pL of Isopropanol. Optical den-
sity wasread at 590 nm and the % Cell viability was
cdculated usngthefollowingformula

0.D.(Drug treated sample) — Q. D. (Medium Control) 3
0.D.(Growth Control) — 0.D.(Medium Control) ( )

Through thisassay the effect of the candidate drug
on % cell viability were assessed.

%Cell Viability =

RESULTS

Comprehending the virulence gene expression
pattern

Results indicate that virulence factors were ex-
pressed in atime dependent manner. It could be ob-
served that factorslikebiofilm, haemolysinlevelswere
inflated during theinitia hoursof growth (7" hour) and

o, e, ook s, . s, s,
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Figurel: Timedependent decreasein Haemolytic activity.

Error barsindicatethestandard errorsof themean of three
independent trials
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theselevel sgradudly were ebbed away during thelater
phases of growth (Figure 1 & Figure 2). Contrarily,
factorslikeprotease and stressresponselevelswere
lower duringtheearly phasesand their levelsgradualy
increased aong the growth cycle, with themaximum at
15" hour (Figure3 & Figure4).
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Screening of Vibrio cholerae cell signaling mol-
ecules from Melia dubia leaves

Initidly, biofilm assay withthecrudefractionof Mdia
dubia aqueous | eaf extract showed a73.78% reduc-
tioninbiofilmformation at aconcentration of 1 ug/mL
(Figureb). Various solvent fractions of the crude | eaf
extract were made us ng column chromatography. Sol-
vent fractions of solutewere madeusing Ethyl Acetate
and Methanol asthe solvents (increasing therelative
polarity). These solvent fractionswerefurther tested
for anti-virulence. It was observed that the Methanol
fraction had considerabl eanti-biofilm activity thanthe
Ethyl acetatefraction (Figure 6). Thisfractionwasfur-
ther tested upon for anti-virulent activity.
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Concentration (ng/mL)
Biofilm Assay

Figure 5 : Anti-Biofilm effect of the crude leaf extract
(aqueous) of Meliadubia. Error barsindicatethestandard
errorsof themean of threeindependent trials
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Figure6: Anti-Biofilmactivitiesof Ethyl Acetate& M ethanol
fractionsat two different concentrations. Error barsindicate
thestandard errorsof themean of threeindependent trials
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Haemolysis, Protease, Stressresponse assayswere
donein order to confirm the presence of acell sgnding
mimicmoleculeinthemethanal fraction (1ug/mL). Results
indicated that the compound in methanol fractionwasa
powerful odl Sgnding (CAI-1) mimic, Snce a LCD bicfilm,
haemolys sweresuppressed and Smultaneoudy therewas
anupsurgein protease expression and stressresponse,

Methanol Fraction Treated

CAI-1 Treated

Untreated

0 30 60 90
% Haemolysis

Figure7: Anti-Haemolyticactivity of M ethanal fraction. Error
bars indicate the standard errors of the mean of three
independent trials

Methanol Fraction Treated *
CAI-1 Treated 4
Untreated
000 005 010 015 020 025

Pl’DtE(}Iy tic Unit {A‘ll['!‘s‘ﬁm)}

Figure8: Increasein Protease production upon M ethanol
fraction treatment. Error barsindicatethestandard errors
of themean of threeindependent trials
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Figure9: Increasein Sressresponsedueto HapR production
upon M ethanal fraction treatment
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which generally happensa HCD (Figure7- 9). TABLE1: List of list of ligandsobtained from Meliadubia
Crude CAl-1wasfromtheculturesupernatantwas  USing GC-M Sanalysis

used asapositiveof aqueousleaf extracthadapotent  om00und Peak Name Retention
CAI-1 mimicmolecule, which had thepotentia tosimu- time
lateHCD conditionsin LCD. Additionally, antibacte- Lo et zmeml 522
ria assay donewiththemethanol fraction revealed that 2 et 558
none of theconcentrationsrangingfrom 0.2 ug/mL to 1 3, 1-Methoxy-2-propyl acetat 5.81
png/mL were antibacterial (Figure 10). 4. 1,4-Cyclohexanediol, trans- 6.15
| dentification of themost plausibleligand for CgsS 5. 2(5H)-Furanone, 3-methyl- 6.94
receptor 6 a;lgtﬁ;?ne 2,5-dihydro-3,5- 8.96

GC-MSandysisof themethanol fractionof Melia 7. Phenol, 2-methoxy- 9.1
dubialeaf extract unmasked an array of 19 compounds 8. 2-Pyrrolidinone 9.75
(TABLE 1). CgsS protein was model ed using homol - 0. 4-Ethylbenzoic acid, ethyl 10.35
ogy modeling. Theprotein PhoPfrom Bacillussubtilis ester
(PDBid: IMVO_A) waschosen asthetemplatesince 10. 2-Methylcyclohexylamine 11.03
CosS shared 34% sequenceidentity with thisprotein. 11. Benzaldehyde, 4-methyl- 1243
Molecular docking studies demonstrated the higher 12 r?gﬁ;?gﬁ;;j)zj hydroxy-5- 13.88
binding affinity (Least G Score = -6.255) of Com- 13, Phenol, 2,6-dimethoxy- 14.74
pound14 (4-Ethyl Resorcinol) to CgsS receptor than 14, 1,3-Benzenediol, 4-ethyl- 17.88
the CompOI_JndZO (CholeraAutoi _nduce_r—_l) (G Score 15, Hexahydropyrrolizin-3-one 1957
=-2.334) (Figure 11). Upon superimposition of Com- 2-Propionyl-3,4,5,6-
pound_14 and Compound_20intheCgsSprotein, both 16. tetrahydropyridine 20.32
theligands bound to the same binding pocket in CgsS Pyrrolo[1,2-a] pyrazine-1,4-
(Figure 12). Interaction pattern of theseligandswith 17. g'g;]e’lh%m%(_jm?"(z' 26.13
CasS receptor showed that both theligandsmedesimi- 510 DIt 2378
lar interactionswith His 73 residue (Figure 13, Figure 18 tetrahydro-1H,6H- 26.55
14). Theseresultssuggest that Compound_14 (4-Ethyl ' dipyrrolo[1,2-a,1',2- '
Resorcinol) had astronger binding affinity for CgsS f'] pyrazine.

. . . soindole-1,3,5-trione,

protein than the native CAl-1. Thus, 4-Ethyl Resorci- 19. perhydro-2-cyclohexyl- 27.87

ANTIRACTERIAL ASEAY

Figure10: Antibacterial assay of M ethanal fraction showing no zone of bacteriolysis (M ethanol wasused asthe Control)
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Figure 11 : Docking Studies. (A) Glide Score of the best
docked compounds. Error barsindicatethestandard errors
of themean of threeindependent trials

Figure 12 : Interaction pattern of compd_14(4-ethyl
resor cinol with molecule CqsS)

Figure 13: Interaction patter n of compd_20(CAI-1) with
modeled CqsS

Figurel14: Interaction pattern of compd_14 and compd_20
trendstobethesame.

nol was considered to be the candidate drug.
Testing of receptor responseto thecandidatedrug

4-Ethyl Resorcinol was purchased from Sigma-
Aldrich, India. TheMinima Biofilm Eradication Con-
centration (MBEC) was found out to be 400ug/mL
(2.8985mM) (Figure 15).

Concentration (ug/mL)
88538,

(Candidate Drug)
[m]elelelelele]elg
ggbb'—hi\)'&' i

oGohd

0.0 05 10 15 20 25 30
Optical Density (595 nm)

Figurel5: Minimum Biofilm Eradication Assay (M BEC).
Error barsindicatethestandard errorsof themean of three
independent trials.

This concentration was used asthe standpoint in
the subsequent anti-virulent assays. In each of theanti-
virulence assay, crude CAl-1 (Cell supernatant of an
overnight culture) wasused asapositivecontrol. MBEC
of the Candidate drug disrupted the biofilm formation
at 7" hour corresponding to aL CD. Candidate drug
treatment also reduced Haemolysis (Figure 16) & in-
creased the Protease production during LCD (Figure
17). Further Candidate drug increased the % Survival
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Untreated
CAl-1 Treated -
Candidate Drug Treated *
0 30 60 90

% Haemolysis

Figure16: Anti-Haemolytic Effect of candidatedrug. Error
bars indicate the standard errors of the mean of three
independent trials.
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Candidate Drug Treated *
K o Ry R
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Figure 17 : Protease Assay — Candidate drug treatment.
Error barsindicatethestandard errorsof themean of three
independent trials
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Figure18: SressRespondsAssay- Candidatedrugtreatment

rate after exposure of Hydrogen Peroxide (Figure 18).

Antibacterid assay confirmed that thecandidatedrug
(4-Ethyl Resorcinol) wasantivirulent and not antibac-
teria. Clearly, the results confirmed that none of the
concentrationsfrom 5ng/mL to 1000ug/mL had any anti-

bacterid effect (Figure 19). Inthisassay, positive con-
trol wasan octadisk (Hi-Media) having 8 antibiotics
(viz. Penicillin, Azithromycin,Vancomycin, Cefazolin,
Clindamycin, Cloxadillin, Erythromycin, Teicoplannin).
Zoneof bacteriolysswereobserved intheplate having
the positive control but not the others. Theseresults
madethe point clear that 4-Ethyl Resorcinol wasAnti-
Virulent and not Anti-Bacterid.

Figure19: Antibacterial Assay (Effect of Candidatedrugon
Vibrio choleraeat varying concentr ations)

Checkingfor theeffect of candidatedrugon HEp-
2 cell lines.

Cytotoxicity Assay usng M TT showed that the can-
didate drug wasnot cytotoxictothe HEp-2 cdllsat the
effective concentration (400ug/mL) and even at 10 folds

2501

200+

150+

100+

% Cell Viability

4,
o
1

Concentration of 4-Ethyl Resorcinol
Figure20: % Cell Viability VsVarying Concentrations of
CandidateDrug. Error barsindicatethestandard err or sof
themean of threeindependent trials
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(4000 pg/mL) and 25 folds (10000 pg/mL) increased
concentrations (Figure 20). The % Cell viability was
found to beincrease upon treatment of drug. Thus, it
wasinferred that 4-Ethyl Resorcinol wasnot cytotoxic
to HEp-2 cellseven at higher concentrations.

DISCUSSION

Thetimedependent expression of virulencefactors
(viz. biofilm, haemolysin, protease, stressresponse) in
thestrain under sudy ibrio choleraeELTOR(MTCC
3905) confirmsthefact that thisstrainis QS dependant
i.e. it hasno natural frameshift mutationsin HapR re-
gion like Vibrio cholerae Eltor C6706!* and unlike
Mibrio choleraeEltor N16961%, Thetime dependant
increasein protease activity explainsthetransient life
styleof Vibrio choleraein theintestina environment.

Thereductioninvirulence (biofilm & haemolysin)
and increment in protease production, post treatment
of Vibrio cholerae with methanol fraction of Melia
dubialeaf extract at LCD conditions have explained
their possibleroleto serveas sourceof CAl-1 mimic
molecules. Stress response to H,O, has further con-
firmed theprediction of CAl-1 mimic moleculesinthe
fractionanditisknownthat Rpos(RNA Polymerasec
Factor) enhancesthenutritional and oxidative stress
response of Vibrio cholerae Biotype Eltor. Rposgene
expression needs HapR for activation?Y. Hence, stress
response would be elevated only when HapR is ex-
pressed. Thisindirectly meansthat HapR is produced
upon methanol fractiontrestment. Thus, wasascertained
that the methanol fraction of the aqueous|eaf extract
had a potent CAI-1 mimic molecule, which had the
potentia to smulate HCD conditionsin LCD.

Candidatedrug (4-Ethyl Resorcinol) treatment re-
sulted inrepresson of virulenceandintensfied the pro-
tease production at LCD. Increased % survival upon
candidate drug treatment refl ectson thefact that rpos
isproduced, indirectly meaning that HapR isexpressed.
Thisconfirmed that the binding of candidate drug to
CgsS receptor dicits an agonist response, which acti-
vatesthe production of HapR, suppressing theviru-
lence and enhancing protease and rpos production.
Thus, 4-Ethyl Resorcinol isapotent functiona CAI-1
mimicmoleculeasit sharesno structurd homology with
CAl-1andisaCqgsS receptor agonist.

Thehikein % cell viability of HEp-2 cellsupon
treatment with candidatedrug explainsthepossiblerole
of 4-Ethyl Resorcinol to serve as acarcinogen or a
nutrient. Clearly, the Material Safety Data Sheet
(MSDS) from SIGMA —ALDRICH states that 4-Ethyl
Resorcinol isnot aCarcinogen. Hence, 4-Ethyl Resor-
cinol iscompletely nontoxicandisanutrient to HEp-2
cdls

Probing QS is thus an approach to stifle Vibrio
choleraepathogenesis. Analoguesof CAl-1that could
serveasan agonist of CgsSreceptor, would elicit the
dephosphorylation of LuxO protein. Thiswouldinturn
derepresstheHapR production. Thus, employing CAI-
1 mimic molecules(aither structurd/functional mimic),
anti-virulent effect canbeachievedinalLCD statedong
with the production of HapA protease. The production
of HapA proteasein aLCD state would detach the
organism from human cells, thereby, blowingtheor-
ganism away from human intestine. By this approach,
virulenceissuppressed & bacteriaaregected fromthe
human system by HapA protease that serveslikeaty-
phoon. Hence, an anti-virulent rather than an antbacteriad
effectisachieved. Thisstudy hasaso highlighted onthe
exisenceof Prokaryoticcdl agnding “like” molecules
in Eukaryotes. Further studiesinto derivatization of 4-
Ethyl Resorcinol could bring about even more effica-
cious CgsSreceptor agoniststhat could serve aseffec-
tivedrugsagaingt Cholera
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