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ABSTRACT

SdiA, transcriptional quorum sensing (QS) regulator controls the
behavioral changes of uropathogenic E. coli in establishing biofilm and
virulence. SdiA selectiveinhibitions characterized fromtheleaf ethanolic
extract of Melia dubia showed > 50% inhibition of UPEC on biofilmina
time dependent manner without affecting cell growth. The compound C39
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(MyristicAcid Methyl Ester, obtained from GC-M S) wasfound to have G-
Scoreof 9.6 asitinteractswith TYR67, SER138, SER 47 and TRP 71 residues
viahydrogen bonds. Thein vitro validation of C39 mode of action showed
SdiA selective inhibition with mutants and wild types. The data was
invariably higher than the existing SdiA selective inhibitor, furanone and
this was confirmed by the fluorescence microscopy studies.
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INTRODUCTION

Urinary tract infections (UTI), themost frequent in-
fectious diseases encountered around the world that
causes massive morbidity and mortal ity with an esca-
lating threat to human community™. Uropathogenic
Escherichia coli (UPEC) arethe major cause of uri-
nary tract infectionand it ismost frequently isolated from
50-90% UTI patientd?. Thedinica management of UTI
iscomplicated by theincreasing incidenceof infection
caused by E. coli that areresistant against commonly
used antibiotics. InE. cali, therearetwo quorum sens-
ingsystemsAl-2/LsrRand HSL / SdiA and theAl-2
/ LR hastheability to influence both generegulation
and bacterial fitnesswhich aremeant for interspecies

communication®. SdiA isatranscriptional regulator
protein (240 aminoacid) that belongstothe LuxR fam-
ily of transcriptiona regulatorg¥. TheN-terminusre-
gion of SdiA interactswith an unknown extracellular
factor of E. coli to control the expression of virulence
factorsand biofilm formation>®. SinceE. coli doesnot
produce a native AHL due to lack of luxSgeneitis
unlikely that, E. coli usesSdiA for detection of itsown
popul ation density!™.

Therapid emergenceof microbesthat acquired re-
sistant over most commonly used and even newly de-
vel oped antibi oticshas emphas zed thedemand for the
development of new Strategy againgt infectiousdiseases.
Henceit isredized to have an attempt to attenuate bac-
terid pathogenes sby masking the activating domain of
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itstranscriptiona regulator,

SdiA. Our approach isbased on natural SdiA in-
hibitors isolated Melia dubia Cav., a plant from
meliacea family used against urinary tract infectionsin
the southern region of Tamil Nadu and a so reported to
havemany biological activitied®!2. The present sudy
ishighly specificand effectivein negatively regulating
thetranscriptiond regulator, SdiA to control thebiofilm
and virulencefactorsof uropathogenic E. coli.

MATERIALSAND METHODS

Bacteriaand cultureconditions

Uropathogenic Escherichiacoli (UPEC) wereiso-
lated from the hospitalized patientswith urinary tract
infection from K. A. P Vishwanatham Government
Medicd College,

Trichy from September to December, 2009 and
screened for multi drug resistance (MDR) against the
antibiotics, Ampicillin, Ciprofloxacin, Levofloxin, Ni-
trofurantoin and Trimethoprim. Thestrain that showed
maximum resi stance (UPEC/QSPL/S4) was used as
test strain. Thetest strain was cultured in LB (Luria
Bertani) broth at 37°C for 24 hours and used through-
out the study. TheAsdiA and sdiA+ strainswereem-
ployed to assessthe efficacy of thedrug and to find out
themode of action.

Plant material and extraction

Fresh leaves of Melia dubia were collected from
the nearby town Kumbakonam, Tamil Nadu, Indiafrom
August to November, 2009. The plant materialswere
identified and authenticated by Dr. M. Jegadeesan and
the voucher herbarium specimens (TUH 285) were
depositedinthe Department of Environment and Herbd
Science, Tamil University, Thanjavur, Tamil Nadu, In-
dia The powdered |eaf material wasused for further
extraction by cold percolation method® . The | eaf
powder was soaked in five different solvents, water,
ethanol (70%), methanol (70%), petroleum ether (70%)
and hexane (70%) (1:10 W/V) at room temperature
(25+ 1 °C) to obtain the extract. The samples were
subjected to frequent agitation and after 72 hoursthe
supernaantswerefiltered through mudin cloth. Fltrates
weredried, lyophilized and stored in amber-col ored
bottlesinfreezer (-80 °C) for further analysis.

Invitroassays

The LB mediawas supplemented with fivediffer-
ent concentrations (10, 20, 30, 40, 50 mg/ml) of vari-
ousextractsof Mdiadubialeaf astest and with antibi-
otics Ciprofloxacin (2mg/ml), Trimethoprim (2mg/ml)
were considered asreferenceto differentiatesquorum
quenching activity fromantibiotic activity. LB without
any supplementation was considered as control. C;HSL
were added (10ug/ml) for the entire assays unless men-
tioned. Extractswererecongtituted in phosphate buffer
to evaluatetheefficacy in different timeintervals 12,
24, 48, 72 hours. Thefollowing assayswere performed,
cell density™, swarming motility™™, protein®, pro-
teasd™™, hemolysig*®, hemagglutination™, hydropho-
bicity!®, biofilminhibition?!., Studieshavea so been
donefor cell wet weight, cell dry weight and pH. All the
testswerecarried out intriplicatesfor the purpose of
datigticd andyss.

GC-MSanalysis

GC-MSanaysiswascarried out to find out vari-
ous active principle(s) present in the M. dubia leaf
ethanolic extract. GC-M Sanalysiswas carried out us-
ing PerkinElmer Clarus 500 with mass spectroscopy
detector. The sampleswere dissolved in ethanol and
onemicroliter of the samplewasinjectedinto thesys-
tem. Theidentification of the compounds was done
based on the comparison of their mass spectrumwith
NIST (Nationd Ingtitute of Standard and Technol ogy)
mass spectrd library.

In silico studies
Homology modeling of uropathogenic E. coli SdiA

Theamino acid sequence of UPEC SdiA (Swisprot
access on number: Q8FGM5) and theNMR solution
structure coordinates of E. coli SdiA (PDB Code:
2AV X) wereloaded into the Modeller 9v8. The pri-
mary sequence of E. coli SdiA and UPEC SdiA were
aligned carefully further checked to avoid deletions or
insartionsintheconserved regions. A seriesof the UPEC
SdiA model (100 models) was constructed indepen-
dently.

Evaluation of the stereochemical qualities of
UPEC SdiA

Thegtereochemicd quditiesof theUPEC SdiA were
s BioTechnology
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accessed by Ramachandran plot. To accessthequality
of themodé further, the Z-scorewas ca culated using
PROSA web server in order to check theoverall mode
qudity andto measurethe deviation of thetota energy
of thestructure with respect to an energy distribution
derived from random confirmations.
Ligand preparation

The 53 compounds reported by the GC-MSwere
drawn using the SymxDraw. The Ligandsfileswere
prepared for docking using Schrodinger Ligprep soft-
ware. Inaddition to the generation of energy minimized
3D structure, Schrodinger Ligprep was also used for
adding hydrogens. For the computational studies,
Ligprep was used to obtain low energy 3D structure
for theset of ligands. OPLS 2005 forcefield was uti-
lized to optimizethegeometry and minimizetheenergy.

Docking studies

All thedocking experimentswere performed using
theprogram GLIDE (Grid Based Ligand Dockingwith
Energetics) modulefrom Schrodinger suite. Coordinate
of the modeled UPEC SdiA structure was prepared
for Glide cal cul ations by running the protein prepara-
tionwizard. Energy Minimizationwererununtil theav-
erage root mean squaredeviation (RM SD) of thenon
hydrogrn atom reached 0.290 A. Glide uses two boxes
that shareacommon centreto organizeitscaculations:
A larger enclosing box and asmaller binding box. The
gridsthemselves are cal cul ated within the space de-
fined by theenclosing box. Thebinding box definesthe
space through which the centre of the defined ligand
will beallowed to moveduring docking cdculations. It
provides ameasure of the effective size of the search
space. Theonly obligation on theenclosing box isthat
it should belarge enoughto contain al ligand atoms,
even whentheligand centreisplaceat theedgeor ver-
tex of thebinding box. Grid filesweregenerated using
the C,HSL to thecentre of thetyvo boxes. Thesize of
the binding box was set at 20 A in order to explore a
largeregion of the protein. The compoundswere sub-
jected to flexible docking using the pre computed grid
files. For each compound the 100 top score poseswere
saved and only the best scoring pose was analyzed.

MBEC Deter mination and adher ence assay
TheMBEC (Minimum Biofilm Eradication Con-
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centration) of the compound, QSI-M DVAME was de-
termined as described by Subhankari Prasad
Chakraborty et al., 2012?22, For the adherence assay
thetest strains (AsdiA, sdiA+, UPEC, MTCC 729)
individually cultured inthe LB medium were supple-
mented with QSI-M DYAVME|n threedifferent doses (Low
Sug/ml, Medium 10pg/ml, high 15pg/ml) in relation
with the calculated MBEC concentration?. Thedose
response effect of QSI- MD was assessed in tripli-
cates as compared with the negative (C8HSL) and
positivecontrol (indole, furanone).

Fluor escence micr oscopy

The sampl e preparation for fluorescence micro-
scopic studieswassimilar toinvitro invasion assay as
described previoudy Krut et al ., 2003%, Bacterid pd-
lets of 10 CFU/ml were re-suspended in carbonate
buffer (pH 9.0) containing 100ug of fluorescein
isothiocyanate (FITC) / ml for 1 hour at room tem-
perature. Again, washed twicewith PBSE and further
resuspended in PBS. Thesuspensionwasoverlaidwith
aNo.1 cover dlip embedded on a12 well microtitre
plates and the reactionswere preincubated for 1 hour
at 37°C. Prior to the visualization in an Olympus BX-
60 upright fluorescent microscope (100 x oil immer-
sion phase-contrast lens; total magnification, x 1000)
the cellswerewashed with PBS.

Cytotoxicity assay

Thekidney carcinomacdll line (A498) wasobtained
from Nationa Centrefor Cell Science (NCCS), Pune
and grown in Eagles Minimum Essential Medium
(EMEM) containing 10% fetal bovine serum (FBS).
All cellsweremaintained at 370 C, 5% CO,, 95% air
and 100% relativehumidity. Maintenance cultureswere
passaged weekly, and the culture medium was changed
twiceaweek.

Thepotentid influenceof QSI-MD oncdll viability
was by using the MTT assay?l. MTT [3-(4,5-
dimethyithiazol-2-y1)-2,5-diphenyltetrazolium bromide]
isayellow water solubletetrazolium sat Succinate-de-
hydrogenase, amitochondrial enzymeinlivingcells,
cleavesthetetrazoliumring, convertingtheMTT toan
insolublepurpleformazan. Oncethecd| density reeched
1x107 cellsg/ml, 100ul per well of cell suspension were
seeded into 96- well platesat plating density of 10,000
cdlls’well andincubated to allow for cdll attachment at
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37°C, 5% CO, and 100% relative humidity. After 24
hoursthe cellswere treated with different concentra-
tions(5, 10, 15, 100 pg/ml respectively designated as
Low dose, medium dose, high dose and very high
dose) of s-MpMAME, The plateswereincubated for an
additional 24 hour at 37° C, 5% C0,, 95% air and
100% relaivehumidity. 15ul of MTT (5mg/ml) in phos-
phate buffered saline (PBS) was added to each well
and incubated at 37°C for 3 hours. The medium with
MTT wasthen flicked off and the formed formazan
crystalswere solubilized in 100ul of DMSO and then
measured the absorbance at 570 nm using micro plate
reader. The medium contai ning without QSI-M DMAME
served ascontrol and the cell viability was estimated
againgt control. All assayswereperformedintriplicate
and mean+ SD values were used to estimate cell vi-
ability.

Satistical analysis

Theexperimental resultsweregivenasmean+ SE.
Differenceswere considered satistically sgnificant as
thevalue of probability lessthan 5% (P < 0.05)1.

RESULTSAND DISCUSSION

Inthisstudy we have analyzed the quorum sensing
interfering efficiency of M.dubia variousparameterslike
cell density, swarming motility, protein, protease,
hemolysis hemaggl utinetion, hydrophobidity and biofilm
inhibition. Theoverall resultsshowed that theethanolic
extract of M.dubia leaves has significant quorum
guenchingactivity, hencediscussedindetall. Thebiofilm
inhibitory potential of the drug lead and the mode of
action were el ucidated through confocal and fluores-
cent microscopy studies.

In vitro assays

Biofilm representsastructured popul ation of bac-
terial cells embedded in a self-produced polymeric
meatrix adherent toanatura or artificia surfacewhichis
protected from antimicrobia agentsand hostimmune
defense?d, Thebiofilminhibitionwasfoundto bein-
creased in every timeintervals and the best activity
(67.74%) was observed at 30 mg/ml concentration
(data not shown). Recently it was reported that the
conjugated exocyclicvinyl bromideonthefuranonering
wasfoundto show biofilminhibitory activity?. Smilar

results were recorded by Ren et al.,'*® which shows
theefficiency of furanonetoinhibit biofilm. Themost
important virulencefactor of uropathogenic E. coli is
hemolysin. Itisapore-formingtoxin of the ‘repeat toxin’
(RTX) family with apromiscuoustarget cell spectrum
including erythrocytes. Thepercentage of hemolysisin-
hibition wasrecorded in anincreasing patternwith vary-
Ing concentration and when it was supplemented with
30 mg/ml concentration it displayed much effectivein-
hibition of hemolysin production (39.1+ 1.66) (data not
shown). Similar resultswere reported by Balague et
al.,” when supplemented with herbicide, 2, 4-dichlo-
rophenoxyacetic acid againgt theuropathogenic E. coli
confirmsour resullt.

Thehydrophobicity of the bacterid surfaceisim-
portant for the adhesion of bacteriato the water-in-
soluble substrates. Aqueous extract showed salutary
effect when supplemented with 30mg/ml concentration
(35.05+0.76,35.98 £0.11,42.53 £ 0.11) (Data not
shown). Probably, the changesin the cell surface hy-
drophobicity werelinked with ateration of surface prop-
erties such as capsuleformation, thickness of the cap-
sular layer, biofilm structure, outer membrane proteins
(OMPs) and lipolysaccharide®®. Theproteaseleve is
high at 24" hour and in consecutive hoursitisdecreas-
ing gradually (datanot shown). Concentration depen-
dent decrease was seen at 48" hour is 60.07%,
81.65%, 87.41%, 93.53% and 98.90% respectively.
Theodar et al.,! reported that agueousextract of garlic
and onion inhibited the protease activity that coheres
with our dataobtained.

In addition, it wasrecorded that hemagglutination
and swarming motility (42.50 % at 12" hour) wasre-
duced when themedi awas supplemented with ethanolic
extracts (data not shown). The cell density, cell wet
weight, dry weight and pH werenot much dteredinthe
growth media supplemented with M. dubia leaf
ethanolic extract but if the mediais supplemented with
antibiotics, theabove said parameterswerefound to
be decreased significantly (datanot shown). Thesere-
sults suggest that the M.dubia | eaf ethanolic extracts
werenot antibacterid rather it showed quorum quench-
ing activity which cohereour earlier report®.

GC-MSAnalysis
Theresults of GC-M S analysis of M. dubia |eaf

s BioTechnology

An Tudian Yourual



98 Myristic acid methyl ester: a potential quorum quencher from Melia dubia

FULL PAPER

ethanolic extract showed itswed th in secondary me-
tabolites. The mass spectrum of each compound was
comparedtothat intheNIST Library. Totally 53 com-
poundswereidentified and most of them werefound
to be oxalic acid derivatives. The GC-MS results
showed the active principlerichness of M. dubia | eaf
(TABLE1).

TABLE 1: List of ligandsidentified from M. Dubialeaves

BTAIJ, 9(3) 2014

usng GC-M Sanalysis

S.No Compound Name Retention
1  IH-Pyrrole, 1-methyl- 3.46
2 1-Butanal, 3-methyl- 3.56
3 Ethanol, 2-butoxy- 4.23
4 Diacegtamide 4.38
5  2-Vinylethyl acetate 451
6 Furfural 5.00
7 IH-Pyrazole, 3,5-dimethyl- 5.10
8  Sulfoxide, methyl phenethyl 5.95
9  Butanedioic acid, phenyl- 6.05
10  2-Furancarboxaldehyde, 5-methyl 7.20
11  Octanoic Acid 7.47
12 1-Hexanal, 2-ethyl- 7.60
13 2-Hexanoic acid 8.07
14  Hexane, 1-chloro- 8.61
15 Nonand 9.10
16  3-Aceylthymine 9.19
17 2-Propanamine, N-methyl-N-nitro- 10.10
18  4H-Pyran-4-one2,3-dihydro-3,5- 10.26
19  Oxdlic acid, isobutyl 2-phenylethyl 10.72
20  Oxdic acid, alyl nonyl ester 10.87
21  Nonanamide, N-(1-b enzyl -2- 11.38
22 2-Furancarboxal denyde, 5- 11.49
23 Oxdic acid,'ilsdt‘)utyl nonyl ester 12.45
24  1-Penaanal, 2-ethyl-4-methyl- 14.12
25 Hexadecane 14.24
26  1,6,10-Dodecatriene, 7,11- 14.98
27 2Fomyl-9fad- 15.19
28  Oxirane, (3,3-dimethylbutyl)- 15.90
29 Hexanoic acid 16.20
30 Nonanoic acid 16.98
31 Oxdicacid, alyl octyl ester 17.40
32 1 -lodo-2-methylundecane 17.49
33  Benzenamine, N-phenyl - 18.22
34  |sosorbide Dinitrate 18.48

BioTechnologqy — mmm—

S.No Compound Name Retention
35 Undecanoic acid 19.92
36  1-Octadecyne 20.89
37  Pnthdic acid, isobutyl octyl ester 21.33
38  9,9-Dimethoxybicycl0[3.3.1]nona- 2258
39 '}eirédecmoic acid, ethyl ester 22.91
40  2(3H)-Naphthalenone, 3- 23.04
41 2,6-Octadiene, 4,5-dimethyl- 2321
42  3,7,11,15-Tetramethyl-2-hexadecen- 24.37
43 Sulfurous acid, 2-propyl tetradecyl 26.58
44 Hexanedioic acid, bi s(2-ethylhexyl) 27.51
45  1-| odo-2-methylundecene 27.56
46  Eicosane 28.41
47  1-2-Benzenedicarboxylic acid, 28.77
48  Pentadecane, 8-heptyl- 29.17
49  Heptacosane 29.95
50  Eicosane, 2-methyl- 30.82
51  Squaene 31.05
52  Eicosane 3181
53  Sulfurousacid, butyl hexadecyl 32.97

Homology modelling and docking analysishomaol-
ogy modelling

The model with the best PDF Total energy, PDF
Physica energy and DOPE function was sel ected and
chosenfor thefurther stereochemica qudity checksand
docking studies (Figure 1). Analysisof Ramachandran
plot revealed that 90.7 % of theresidueswereinthe

/

Figurel: Aribbon diagram showing theoverall gructureof
the UPEC sdiA. Thebound C,HSL molecular at activesiteis
shown asstick.
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favouredregion, 7.3%inalowedregionand only 1.9
% wereinthedisfavored region (Figure2). Theresi-
duesinthedisalowedregionsarel ocated far away from
theresidueintheligand binding site (LBS). Thesere-
sultsindicatethat the Phi and Psi backbone dihedral
anglesin the UPEC model are reasonably accurate.
(Figure3) showsthelocation of the Z- scorefor UPEC
SdiA. Thevaue-6.12isintherangeof native confor-

Figure2: TheRamachandran plot of thefinal model obtained
by PROCKECK.

X-ray
m NMR

Z-score

-15

-20

0 200 400 600 1000

Number of residues
Figure 3: Z-Plot of final model gener ated by ProSA-Web
server
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mation. Hencethe model was chosen for thefurther
sudies.

I dentification and analysisof potential compounds

As control study, the C,HSLwas docked to the
protein, and thisexercisewhich resulted inreproducing
the NM R solution structure pose of the compound that
yields-9.4 asthe G scorewith 0.029A RMSD. G Score
isnothing but thetota GLIDE score: Sum of XPterms
(Lipophilic Evdw, PhobEn, PhobEnHB, PhobEL,
PairHB, HBond, Eleactro, SiteMap, Phi Stack, Cat,
CLBR, LowM, Pendties, HBPend, PhobicPenal, and
RoatPNAL). The higher the contribution of XPterm
morewill bethetotal GLIDE score. The score com-
puted for thisreference compound was used asrefer-
encevduefor identifying the possibleleads.

All those compoundsthat exhibited weaker bind-
ing in comparison with the reference compound were
shortlisted for further analysis. From the docking stud-
ies, it was observed that compound 39 (QSI-M DVAVE)

9.3

GScore

-9.6

-9.65
Ligands

Figure 4a : The predicted GScore of C8BHSL and QSI-
M DMAME The QSI-M DMAME shows the maximum binding
ability to SdiA that thenativeligand CHSL.

CHg4

o
O
O\/\/\/\/CH3

Figuredb: Sructureof MyristicAcid M ethyl Ester
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Figure5: Docking model of UPEC sdiA-QSI-M DMAME, Thehydrogen bond inter actionswith thekey residuesareshow as

dotted lines.

ishaving better GScore of 9.6 than the nativeligand
C,HSL (Figure 4aand b). QSI-MD"E forms one
strong hydrogen bond interactionswith theamino acid
TRP71 (Figure5). From the previousexperiment, it
was proved that TRP67 and TY R 71 are highly con-
served and thekey residuefor LuxR typeproteinsand
SER 43 isahomologusresidue of SdiA family. Since
QSI-MDVAMEwas ableto make strong hydrogen bond
interactions with those key residues, thiscompound
could beapossiblereason for the quorum quenching
activity. Hencethiscompound can befurther evaluated
for their individua activitiesininvitroandinvivo as
wall.
MBEC Deter mination and in vitro biofilm adher-
ence assay

TheMBEC of QSl-MD"AMEwasfound to be 10ug/
ml and that takeninto further studies. Biofilmsare at-
tached of microorganismsto asurface of polysaccha-
rides, proteins, and nucle c acidsto form acommunity.
Theintracelular biofilmsareresponsblefor adormant
reservoir of pathogensinsidethebladder cells, which
outlast the strong host immune response. So, timede-
pendent response of the lead compound C39, QSI-
M DMAME was studied to elicit itsmode of SdiA selec-
tivebiofilminhibition on polystyrene platesat 12, 18

and 24" hours. The data showed consistent effect on
sdiA null strain with no response over the behaviora
changein adhering the plasticsirrespectiveof treating
with or without C39 as compared with thewild type
srain (Figure6).
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Figure6: Theinterference of MAM E towardsthebiofilm
formation on variousE. coli strainsat 24" hour. Thebiofilm
inhibition wasfound high when M AM E administered and a
dose dependent increase was also found. There is no
significant differencein thebiofilm inhibition wasfound and
thisconfirmsthat theM AM E isfunctioning thr ough SdiA.
Bar s show the mean value of the experiments (n = 3) and
Error barsshow standard deviation, * = p <0.0001.
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The adhesion pattern of the strainswasreported as
discussed abovearein accordancewiththeearlier re-
port by Stepanovic et al.,'*3. Based on the Optical
density (OD) measured against bacterid films, strains
wereclassfiedinto thefollowing categories: no biofilm
producers, weak, moderate or strong biofilm produc-
ers, aspreviously described®. Briefly, thecut-off OD
(OD,) was defined asthree standard deviations above
the mean OD of thenegative control. Strainswereclas-
sifiedasfollows: O.D <OD_ = no biofilm producer,

] ¥
En

Figure7: TheFITC labelled E. coli cellsunder fluorescent micr

¥

OD_< 0D <(2x OD,) = wesk biofilm producer, (2 x
OD,) <OD=(4x OD,) = moderate biofilm producer
and (4x OD_) < OD = strong biofilm producer. Itis
found that al thetested strainsexcept sdiA null mutant
were under no biofilm producing category (datanot
shown) when administered with QSI-M DVAME,
Theoveral result showsthat thelead does not af-
fecttheAsdiA srainsasitisactingthrough assdiA. Itis
been reported by Ren et al. ¥ that the quorum-sens-
ing disrupter (52)-4-bromo-5-(bromomethylene)-3-

4=
.

oscopy. A) Treated with CHSL, showed high biofilm

coloniesB) Treated with indole showed moder ate decr easein biofilm C) Treated with Furanoneshowed moder ate decr ease
in biofilm D) Treated with druglead showed efficient biofilminhibition asdistracted individual colonies. E) Untreated.
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butyl-2(5H)-furanone (furanone) of thealgaDelisea
pul chrainhibited the biofim and swarming of Escheri-
chiacoli. It hasbeen recently reported that natural prod-
ucts-ingpired organosulfur compoundsinhibitsbiofilm
by inhibiting quorum sensing™. Thedrug lead QSI-
MDMAME showed a better efficacy profile than the
known inhibitorslikeindoleand furanoneaswell.

Fluor escence microscopic studies

Thefluorescent microscopic studiesreveal ed that
the QSI-M DMAME has apotentiality to curb UPEC/S4
biofilmformation throughquorumsenanginhibition. The
cdllswerehighly visblewhen supplemented with CHSL
whereasindol e and furanone showed was moderately
inhibited the biofilm and the | ead showed better effi-
ciency (Figure7). Theseresultswere confirmed with
the earlier studies of Shahrooe et al., 3 against
Saureus.

Fromthestudies, it isvery clear that the biofilm
formation wasinhibited by quorum sensinginhibition
through SdiA and the dataobtained from thisstudy has
good correaionwith biofilminhibition studies.

Cytotoxicity

QSI-MDMAME was tested for itstoxic effects on
human kidney carcinomacell line (A498). Itisfound
that itisnot inhibited the cell growth at all the tested
concentrationssignificantly. Evenin very high dose of

150-
<
> 1004 ”
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g i 0¢¢
— 504 2 i
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o
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O = = T ﬁ
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Concentration of QSI-MD (ug)

Figure 8 : Percentage of viable cells after 48 hours pre-
treatment of Kidney carcinoma cells (A498), against QSl -
M DMAME evaluated by M TT assay. Bar sshow themean value
of the experiments(n = 3) and Error barsshow standard
deviation.

QSI-MDMAME (100ug/ml), there is no significant change
inthecell viability (Figure 8). Thisconfirmsthat the
compound QSI-M DMAVE jsefficient drug against UPEC
guorum sensing with notoxic effects.

CONCLUSION

Theresultssuggested that the active principlesde-
rived from Melia dubia can be used asquorum quench-
ing agentsthat would strongly inhibit thevirulencechar-
acter expression aswell asbiofilmformation. Based on
thedockingresultsitisexceedingly clear thet theligands
from M. dubia can be used as alead compound to
devel op an effectivedrug for urinary tract infections
caused by uropathogenic E. coli. It isclear from the
biofilm and fluorescent microscopic sudiesthat the QSI-
MDMAME (MyristicAcid Methyl Ester) ishaving apo-
tentia biofilminhibitory potentiality.

ACKNOWLEDGEMENT

The authors are grateful to the management of
SASTRA University for the concrete support and
infrastructurd facility. Our sincerethanksto Prof. Tho-
mas K. Wood for providing the sdiA mutant strains.
The project wasfunded by Department of Scienceand
Technology DST-SERC SR/SO/HS-0099/2009.

REFERENCES

[1] M.Abhilash; Int.J.Pharma.Bio.Sci., 1, 1-7 (2010).

[2] M.SarcicErjavec, M.Rijavec, V.Krizan-Hergouth,

A.Fruth, D.Zgur-Bertok; Int.J. Antimicrob.Agents,

30, 436-442 (2007).

T.Xue, L.Zhao, H.Sun, X.Zhou, B.Sun; Cell Res,,

19, 1258-1268 (2009).

[4] J.Lee, T.Maeda, S.H.Hong, T.K.Wood;
Appl.Environ.Microbial., 75, 1703-1716 (2009).

[5] M.Aldea, T.Garrido, J.Pla, M.Vicente; EMBO J.,
9, 3787-3794 (1990).

[6] X.D.Wang, PA.J.deBoer, L.I.Rothfield; EMBO J.,

10, 3363-3372 (1991).

V.Sperandio, A.G.Torres, JA.Giron, J.B.Kaper;

J.Bacteriol., 183, 5187-5197 (2001).

V.Ravichandiran, K.Shanmugam, K.Anupama,

S.Thomas, A.Princy; Eur.J.Med.Chem., 48, 200-

205 (2012).

[3]

[7]
8]

BioTechnologqy — mmm—

Hn Tudian Jounual



BTAIJ, 9(3) 2014

S.Adline Princy et al.

103

—————— FyLL PAPER

[9] S.Malarvannan, R.Giridharan, S.Sekar,
V.R.Prabavathy, S.Nair; J.Biopestic., 2, 64-71
(2009).

[10] M.A.H.Nagaakshmi, D.Thangadurai, T.Pullaiah;
Phytother.Res., 17, 414-416 (2003).

[11] T.Susheela, PBaaravi, J.Theophius, R.Narendar
Reddy, PU.M.Reddy; Curr.Sci., 94, 9 (2008).
[12] N.Rama Rao, L.N.Henry; The Ethnobotany of
Eastern Ghats of Andhra Pradesh, India, Botanical

Survey of India, Calcutta, India (1996).

[13] V.Gupta, S.Saggu, R.K.Tulsawani, R.C.Sawhney,
R.Kumar; Food Chem.Toxicol., 46, 1645-1652
(2008).

[14] D.M.Carlberg; Determining the effects of antibiot-
ics on bacterial growth by optical and e ectrical
methods, In: Antibiotics in Laboratory Medicine,
Williams & Wilkins, Baltimore, 64-92 (1986).

[15] J.Lee, T.Bansal, A.Jayaraman, W.E.Bentley,
T.K.Wood; Appl.Environ.Micrabial., 73, 4100-4109
(2007).

[16] O.H.Lowry, N.J.Rosebrough, A.L.Farr,
R.J.Randall; J.Biol.Chem., 193, 265 (1951).

[17] M.Kunitz; J.Gen.Physiol., 30, 291--310 (1947).

[18] J.F.Van den Bosch, P.Postma P, J.De Graaff,
D.M.MacLaren; FEMS Microbiol.Lett., 8, 75-77
(2006).

[19] D.GEvans, D.J.Evans, W.Joa; Infect.Immun., 18,
330-337 (1977).

[20] J.S.Chapman, N.H.Georgopapadakou;
Antimicrob.Agents Chemother., 32, 438-442
(1988).

[21] O.M.Vandeputte, M.Kiendrebeogo, S.Rajaonson,
B.Diallo, A.Mol, M.EI Jaziri, M.Baucher;
Appl.Environ.Micrabiol., 76, 243-253 (2010).

[22] S.P.Chakraborty, S.K.Sahu, P.Pramanik, S.Roy;
Asian Pac.J.Trop.Biomed., 2, 215-219 (2012).

[23] O.Krut, O.Utermohlen, X.Schlossherr, M.Kronke;

Infect.Immun., 71, 2716-2723 (2003).

[24] T.Mosmann; J.Immunol.Methods, 65, 55-63
(1983).

[25] JH.Zar, ‘Biostatistical analysis’, 4" Edition, Prentice
Hall International Inc.Press, London (1998).

[26] A.Marchese, M.Bozzolasco, L.Gualco, E.A.Debbia,
GC.Schito, A.M.Schito; Int.JAntimicrob.Agents, 2,
95-100 (2003).

[27] Y.Han, S.Hou, K.A.Simon, D.Ren, Y.Y.Luk;
Bioorg.Med.Chem.Lett., 18, 1006-1010 (2008).

[28] D.Ren, J.J.Sims, T.K.Wood; Environ.Microbial., 3,
731-736 (2001).

[29] C.E.Bdague, C.S.deRuiz, R.Rey,A.M.Evangelista
de Duffard, M.E.Nader- Macias; Toxicology, 177,
143-155 (2002).

[30] W.Dorota, J.Stanislaw; Int.J.Antimicrob.Agents,
29, 700-704 (2007).

[31] E.Teodor, W.Buzgariu, A.Ruginsa, M.Diaconu,
G.L.Radu; Innov.Chem.Bial., 41, 353-360 (2009).

[32] S.Stepanovic, |.Cirkovic, L.Ranin, M.Svabic-
Vlahovic; Lett. App.Micrabial., 38, 428-432 (2004).

[33] N.C.Cady, K.A.McKean, J.Behnke, R.Kubec,
A.PMosier, S.H.Kasper, D.S.Burz, R.A.Musah;
PL0S One; 7, €38492 (2012).

[34] M.Shahrooei, V.Hira, B.Stijlemans, R.Merckx,
PW.Hermans, J.Van Eldere; Infect.Immun., 77,
3670-3678 (2009).

s LBioTechnology

An Tudian Yourual



