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ABSTRACT KEYWORDS
Urinary Tract Infection (UTI) is accountable for maternal and neonatal Quorum sensing;
morbidity and about a third of the pregnant women have UTI at some Biofilms;
point of gestation. Saphylococcus aureus is one of the microorganism Auto inducing peptides,
commonly found causing UTI and is of high concern due to high Agr;
occurances of multi-drug resistance. The epidemiology of the disease Sar pathway.

among pregnant women in the region of Thanjavur was studied to obtain
an understanding of the prevelance of UTI and the organisms causing it.
S aureus uses Quorum sensing as a means of communication, which is
regulated by the pleiotropic pathways of Agr/ Sar. To tackle the micraobe,
the efficacy of the extracts of Melia dubia, a plant known for its
antimicrobial properties, has been employed. The crude library of
compounds from Melia dubia extractswas discovered to have anti-biofilm
rather than bactericidal properties. Docking studies were executed with
the characterized compoundsbinding with Sar and Agr receptorsto predict
the pathway of quorum quenching activity.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Quorum sensing isan association of microorgan-
ismsasaresult of their responsetosignasmolecules A
bacterium employsthe quorum sensing mechanismto
coordinatevariousvita processesthrough controlled
geneexpression. Themechanismishighly sophisticated
and playsasignificant rolein the process of bacteria
communication. Thiscan be achieved through various
factorswhich differ anong the Gram postiveand nega-
tive bacteria. Though themechanismisquitesmplein
Gram negativebacteriag, involvingactiveor passvetrans

port of lipidsthrough diffusion, thephenomenoniscom-
plex in Gram positive bacterid. Among Gram positive
bacteriathe secreted signalsrequires suitablecarriers
for itstrangportation acrossthe membraneto trigger
themechanism of quorum sensing. Themechanisma-
lowsthe assemblage of bacteriato interact and orga-
nizeavariety of processes needed for itsexistence??.
Thishighly sophi sticated mechanism comesto play at
higher cdll densities. The Gram negative bacterium uses
small neutral lipid moleculesassignasto trigger quo-
rum sensing whereaslarger peptide act asthe essentia
sgnasto effect the mechanismin Gram positivebacte-
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ria Thiscel tocdl interactionisinstrumenta inthepro-
duction of biofilm. Biofilmscong st of mixed groupsof
microorganisms adhered to asolid surfaces, usually
enclosedinamatrix of lipopolysaccharideswhich serve
asapotential barrier for many antimicrobial agents®.
Research studiesin the past have confirmed the pres-
ence of dental biofilms comprising of >500 different
bacterial species®. Theextent of antibiotic resistance
exhibited by biofilm producing strainscan be10to 1000
timeshigher in contrast tothe planktonic cdlg®. Biofilms
arerespons blefor causing 65% of nosocomially ac-
quiredinfectionsandinvolvesacost of $ 1 hillionfor
treatment annualyt”8. Thisinturn hascreated aninter-
est in studieson biofilm based anti microbial agents.
Research pioneers has made use of infrared spectros-
copy toillustrate the extent of diffusion of antibiotic
ciprofloxacin on acolonized surface®. The study has
reved ed reduced level sof antibiotic diffusononacolo-
nized surfacewhen compared to asterilesurface. Smilar
resultswere obtained in case of antibiotic piperacillin
when used against the biofilms of Pseudomonas
aeruginosal’®. Antimicrobia agentslikerifampicinand
vancomycin were effective against Saphylococcus
epidermidisbiofilms™. Theinhibition of antibiotic dif-
fusonasoreliesonthenatureof biofilmbased on cell
dengties. Based ontheir cell compactness, they areclas-
sified asthinand thick biofilmsand KatAisanimpor-
tant factor conferring res stance against hydrogen per-
oxidedueto the production of enzyme catal ase under
theinfluence of KatA gend*2.

Studiesin the past have demonstrated the role of
B-lactamase enzymein offering res stance against anti-
bioticslikeampicillin, aswasobserved inthebiofilm of
Klebsiella pneumoniag™?. Hence in addition to li-
popolysaccharidematrix enclosing thecells, thereare
certain factorsat the genotypiclevel which arecapable
of producing the products conferring the anti biocide
property. Slow growth and stress response a so en-
hancestheres stanceagainst theantimicrobia agentg™3.
The exact reason isunknown but researchers believe
that nutrient deprival resultsin physiologica changes
whichinturnimpartsthe property of biocideresistance.
Studiesinthe past have been abletoillustratethesig-
nificanceof dow growthrateinrdationtobiofilmress-
tanceagang avariety of antimicrobid agents. Research-
ershavestudied thesimilar effect inthebiofilmsof P.

aeruginosa, E. coli and S. epidermidis and havere-
vedl ed that the cells sensitive to antimicrobia agents
under normal conditionswereresi stant under adverse
conditions due to slow growth as a consequence of
nutrition limitation™. Theresistanceof biofilm produc-
ing and nonbiofilmformersduring thevariousstagesof
the exponential phase has been evaluated and there-
sstanceof microbid cdl culturestoantimicrobid agents
wasfound to be enhanced asthe cellsenter the station-
ary phase™,

Theemergenceof multidrugresstancein S. aureus
posesasignificant threat to theinfectionsinwhichiit
getsinvolved, that the host often getsimmuno compro-
mised and trestment becomesincreasingly difficult. The
phenomenon of quorum sengngandbicfilmsin S aureus
areregulated by the pathways of agr (accessory gene
regulator) and sar (Saphyl ococcus accessory regula
tor). Thesgnding moleculesinthecontrol of thesegenes
areknowntoinducequorum sensing, whichinturntrig-
gersacascade of reactionsresulting in regulated gene
expression’*¥, Thegenerd paradigminvolvestherec-
ognitionof small lipidstolarger peptidesby Gram nega
tiveand positivebacteriaresultingin quorum sensing™”.
The composition and configuration of the peptidesig-
nalsamong Gram positive bacteriareliesonthetype of
bacteriaand thenature of function performed. Thecom-
petencein Sreptococcus pneumoniaeistriggered by
alinear peptide 17 residueslong*®. In additiontolin-
ear peptides, cydiclactonesand thiolactonesalso serve
assignaling molecul esresulting in bacterial communi-
cation. The agr in S aureus comprises of two tran-
scriptscaled RNA 11 and RNA 111, under the control
of P2 and P3 promotersrespectively. The RNA tran-
script comprises of aset of four genes constituting an
operon essentia to activate acascade of reactions. The
genesagrBDCA playsavitd roleintheproduction of a
mature AlPmolecul e (auto inducing peptide) respon-
siblefor virulence. Theactivation of agr pathway in-
creasesthe production of factorsresponsiblefor viru-
lence and production of surface proteing™?. In addition
to agr pathway, research studies haverevealed an al-
ternative pathway called asthe sar pathway whichis
considered asaglobal regulatory loci. The sar path-
way isaso knownfor regulating variousgenesinvol ved
inthe production of avariety of determinantslikethe
fibronectin binding protein, a-hemolysin through agr
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independent mechanism.

Themgjor regulatory proteinsencoded withinthe
sar pathway are capable of binding to a highly con-
served sequencesimilar tothe SarA bindingsiteonthe
agr promoter and triggerstheexpression of severd genes
coding for a-hemolysin, surface protein A (spa),
fibronectin binding protein (fnb) and enterotoxin C gene
(sec)®!, Research studies haverevea ed thefact that
theremovad of SarA recognition motif of agr alowsthe
transcription of these genesthat were untraceablein
theagr mutants. Similarly theactivity of surfaceprotein
A (spa) whichisusudly repressed by sar under normal
condition wasfound to beinhibited even after there-
mova of the SarA binding sitefrom the spapromoter
region. Thisrevea stheinfluence of the SarA binding
siteon spapromoters. Thesar locusishighly signifi-
cant for agr dependent quorum sensing and transcrip-
tionof RNA Il and 1l reliesonthe sar locusthat flanks
overlapping sarA, sarB and sar C transcripts?Y. De-
spitethefact that agr and sar controlsacollection of
virulencefactors, researchers have demonstrated the
role of SarA asaregulatory protein that bindsto its
consensus sequences| eading to theinduction or inhibi-
tion of thetranscription of thetarget genes. Thecurrent
study was carried out with an attempt to explorethe
specific pathway respongblefor theformation of biofilm
and the efficacy of Meliadubia plant extract ininhibit-
ing the biofilm formation by obstructing the pathway.
Thechoice of M. dubia asacure stemsfromthefact
that the bioactive substances present init, hasaready
been employed for centuries as afolklore medicine
against UTI during pregnancy, in South India.

MATERIALSAND METHODS

Samplecollection

Urine samples (N=100) were collected at random
from pregnant women during their pre-natal visit at
Mother and Child care maternity hospital, Thanjavur
between May 2012 to July 2012 and the status of in-
fection and pyuriawas analysed. Pathogenic strains
caud ng confirmed cases of urinary tract infectionswere
isolated. Thestrainswere then screened for multidrug
resistance (MDR) against antibioticslikeampicillin,
amoxicillin, cefotaxime, ciprofloxacin, dindamyain, gen-
tamicin, penicillin, trimethoprim, and vancomycin. These
ﬂﬂecézzo/oyy C—

isolated strainswere cultured in enriched nutrient broth
and used for the subsequent study.

Extraction of plant material

The Méelia dubia root specimen collected from
Thanjavur, Tamil Nadu was subjected to the process
of extraction at room temperature (30+ 1°C), through
cold percolation methodsus ng different solvents (wa:
ter, hexane, petroleum ether, ethanol, and methanal).
Theextract wasthoroughly mixed and the supernatant
wasfiltered through afinedoth. Thefiltratelyophilized
and was stored at -80°C1?2,

Invitro assay

Theefficacy of M. dubia extract was examined at
different concentrationsto reveal theminimuminhibi-
tory concentrationrequired toinhibit thebiofilmforma-
tion. Tryptic soyabroth (TSB) was supplemented with
various concentrations of theextract and itsimpact on
biofilm formation was examined at varioustimeinter-
vasranging from 0" to 24" hour. Theextract wasdis-
solved in phosphate buffer sdine (PBS). Tryptic soya
broth devoid of theextract served asblank. Anti-biofilm
activity waspitted against dithiothreitol (5mM), which
is an established anti-biofilm compound, taken asa
positivecontrol?¥, In addition biochemica andysiswas
performed to reveal theidentity of theclinical isolates
frominfected samples.

Gaschromatography and massspectrometry (GC-
MS)

GC-MS analysis was carried out for the root
ethanolicextract of M. dubiain order to reved thevari-
ouschemica congtituentspresent intheextract usnga
PerkinElmer Clarus500 GC-M Ssystem. The program
was set at atemperature of 50°C for aduration of 1
min and raised at 10°C/minto 150°C (1 min hold), at
8°C/minuteto 250°C (1 min hold), at 15°C/minuteto
300°C (3 min hold). Helium (1 ml/min) was used as
carrier gas. Theinjector temperaturewasmaintained at
280°C and the mass range was 40-450 amu. 1ul of
sampledissolvedin ethanol wasinjectedintothesys-
tem. Theidentification of thecompoundswas made by
comparing their spectrawith the National Institute of
Standard and Technology (NIST) spectrd library.

Computational analysis
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Derivation of interaction sites

The 3D structureof SarA wasretrieved from PDB
database[Accession ID: 2FRH]. The primary target
constraintswerereceptor based, inwhichinteractions
of the SarA with ligand form the basisfor design and
scoring. Thede-novo receptor and binding Stein SarA
weredefined from highly conserved winged helix re-
gionsrespons blefor DNA binding (R90) withina7.7A°
radius sphere.

Ligand preparation

Compoundsreported by the GC-M Sanaysiswere
drawn using Symyx Draw™, Ligand files were pre-
pared for docking using Schrodinger Ligprep™ soft-
ware. Inaddition to the generation of energy minimized
3D dtructure, Schrodinger Ligprep™ software was also
used for adding hydrogen atoms. Ligprep was used to
obtainlow energy 3D structurefor theset of ligandsfor
computationa studies. OPLS-2005forcefield wasuti-
lized to optimize the geometry and for minimization.

Docking studies

All docking experimentswere performed using
the GLIDE (Grid Based Ligand Docking with Ener-
getics) program in Schrodinger Suite™. Grid files
were generated targeting the interaction sites. The
size of the binding box wasset at 7.7A%in order to
explorealargeregion of protein. Compoundswere
subjected to the flexible docking position using a
precomputed grid file. For each compound 100 top
score poses were saved and the best scoring pose
was analyzed®,

RESULTSAND DISCUSSION

Thedemonstrative study isaimed at reveding the
specific pathway responsblefor favoring thebiofilm
production in pathogenscausing urinary tract infection
during pregnancy. Thestudy presentsthe epidemiol ogy
of prevalenceof UTI among pregnant womeninthe
region (TABLE 1). Thirteen of the hundred random
samplestested positivefor UTI and it wasfound that
gram negative pathogens causes nearly 70% of thein-
fections. Thisoutcomeagreeswith thefinding reported
intheearlier sudies® which hasshown 66.7% of Gram
negativeisolatesin contrast to 28% of Gram positive
isolates. Themost effective antibioticswerevancomy-

cinamong gram positivesand gentamycinamong gram
negative, S aureusexhibiting maximum antibiotic re-
sdstant. All theisolateswereresistant toampicillinand
thisagreeswith thefindingsreportedin previous ex-
perimental studies (TABLE 2)?, In addition, all the
E. coli isolateswereres stant to trimethoprim and peni-
cillin. Eventhought S aureus causes|essthan 10% of
the urinary infections, its multidrug resi stance could
hamper curing theinfection. Various demographic pa
rameters have been considered in the study to predict
the occurrence and the specific group vulnerableto
theinfection (TABLE 1). Theemergingtrait of antibi-
otic resistance among various pathogens has posed a
great threat and has provoked the discovery of vari-
ous novel techniquesto overcomethe problem(2”28l,
Itisquiteevident that womeninther latetwentiesand
early thirtiesareat higher risk of encountering urinary
tract infection during pregnancy (TABLE 1). Studies
in the past have confirmed the prevalence of thein-
fectionamongwomenintheir latetwentiesand early
thirtiesduring pregnancy and are higher during thefirst

TABLE 1 : Prevalence of UTI and demographic
characteristicsamong thestudy population (N=100)

Age t':;;nd Negative Positive (;2' vaFJ)-ue
15-24 10 10 0
25-34 69 56 13 6.74 0.034
35-44 21 21 0
Address
Rural 22 18 4 0.72 0.40
Urban 78 69 9
Gravidity
1 51 44 7
1-3 42 36 6 112 0.60
4-6 7 7 0
Parity
Nullipara
Single 51 44 7
Multipara 42 36 6 112 0.60
Grand MP 7 7 0
Trimester
1 35 30 5
2" 31 27 4 0.0932 0.95
3¢ 34 30 4
Education
g'mary (- gy 12 2
Secondary
(8.12) 47 41 6 003 098
Higher
(>12) 39 34 5
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TABLE 2: Antimicrobial resistancepattern (in %) of pathogensin samplesinfected with UTI
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B_acterial Inter pretation of zone diameter (mm)
Isolate Am Gen P Va
Amc R<18 P Ctx R<18  Cip R<20 Cd R<24 W R<18
2 R<16 % 30 30 R<16 R<24 %6 R<17
B 24 22 30 21
E. coli 70 100 433 0 13.3 0 100 100 100
P.
aeruginosa 89.5 100 68.4 0 15.9 0 100 89.5 100
K. . 75 100 58.3 0 0 0 583 333 100
pneumoniae
S aureus 61.9 100 80.9 0 9.5 0 714 100 0
E. faecalis 52.5 100 25 0 0 0 50 100 0

Bl: Bacterial Isolate; Amoxicillin (Amc 30ng); Ampicillin (Amp 10pg); Cefotaxime (Ctx 30pg); Ciprofloxacin (Cip 5ng);
Clindamycin (Cd 2pg); Gentamicin (Gen 10pg); Penicillin (P 10units/disc); Trimethoprim (W 5ug); Vancomycin (Va 30pg)

trimester2930,

Invitrostudies

Thestudy involved thetesting of theefficacy of root
ethanolic extract of M. dubiain suppressing thetraits

ganic compound derivativeswhich restransthebiofilm
formation. The gaschromatography mass spectroscopy

TABLE 3: List of ligandsobtained from Meliadubiaroot
extract from GC-M Sanalysis

responsi blefor the establishment of microbia biofilm.

Root ethanolic extract served to bethe best among all

theextractsasabiofilminhibitor. Biofilmformationwas

200+

150+

100+
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e

Biofilm Growth (%)
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8
D

Concentration of Root Ethanolic Extract (ug/ml)

@ 12" Hour

25923 (referencestrain)

3 18" Hour
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Figure 1: Biofilm formation in response to the minimum
inhibitory concentration of Root Ethanolic Extract inATCC

retarded by nearly 50% in the presence of 20ug/ml
concentration of theroot ethanolic extract (Figure 1).

GC-MSAnalysis

In silico studies have reved ed the presence of or-
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S Retention
No. Peak name time
1 Glycerin 6.7

E’rﬁc;pr)anom acid, 2-oxo-, methyl 9.99
3 E);tgg;dé ir;/]-l de, N,N'-di 1052
4 Piperazine, 1-(aminoacetyl)- 11.25
5 Dianhydromannitol 11.59
6 2-Butanone, 4-phenyl- 12.03
7 L-Galactose, 6-deoxy- 12.31
8 2-Nonen-1-ol 13.43

Cyclohexanecarboxylic acid, 3-
9 (a)(/:etyl o) y 15.03
10  5,6-Epoxy-6-methyl-2-heptanone 15.14
11 Vanillinlactoside 15.22
12 Sucrose 15.88
13 ﬁyggﬁ’(%ﬂ;@f')‘_" &2 1613
14  1,7-Octanedial, 3,7-dimethyl- 16.4
15 Hexanoic acid, 2-methyl- 17.19
16 gr?ngﬁ) _1,2,3-tr| methoxy-5-(2- 17.68
17  Undecanoic acid 17.88
18 ai:rzli'e?g)ﬁanol, 4-hydroxy-a: 18.19
19  Ethyl a-d-glucopyranoside 18.91
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S. Peak name Ret_entlon
No. time

1-Cyclohexanoal, 1-[5-hydroxy-4-

20 ethyl-2-hexenyl] 1934

21 d-Mannose 19.43
[1,2'-Bicyclopropyl]-2-octanoic acid,

22 S hexyl-, methyl ester 1974

23 3,7,11-Tri r_nethyl -dodeca-2,6,10- 19.87
trienoic acid

24 1,2-15,16-Diepoxyhexadecane 20.01

25  4-Cyclononen-1-one 20.27

26  Decanoic acid, 3-methyl- 20.39

o7 2-Butyl-5-methyl-3-(2-methyl prop-2- 2113
enyl)cyclohexanone

28 Tetradecanoic acid, ethyl ester 21.35

29  2-Indanone, 4,5,6,7-tetrahydro- 23.26

30 n-Hexadecanoic acid 23.69

31 2-Cyclohexen-1-one, 2-(2-methyl-2- 24,46
propenyl)-

32 (E)-9-Octadecenoic acid ethyl ester 26.12
3,7,7-Trimethyl-1-penta-1,3-dienyl -2-

33 oxabicycl0[ 3.2.0]hept-3-ene 26.47
Menthoal, 1'-(butyn-3-one-1-yl)-,

34 (1S.2S,5R)- 26.78
2-(3,4-

35 M ethylenedioxyphenyl)cycl ohexanone 28.45
Hexadecanoic acid, 2-hydroxy-1-

36 (hydroxymethyl)ethyl ester 30.19

37 Hexadecanoic acid, ethyl ester 31.16

38 Docosanoic acid, ethyl ester 31.74

39 Stigmasteral 32.97

40 Cholesta-22,24-dien-5-0l, 4,4- 33.79

dimethyl-

(GC-MS) andysisrevededthevariety of ingredients
embeddedintheextract (TABLE 3).

MOLECULAR DOCKING STUDIES

The antimicrobial property processed by the
plantsisan undeniablefact and the present demon-
strative study has made use of plant extract to dis-
closeitsanti biofilm nature. Asthe preceding analy-
sisinvolving the GC-MS study revealed the pres-
ence of an organic compound (MDR®*?) as a po-
tential anti biofilm agent. Further analysiswas car-
ried out at the molecular level by employing com-
putational techniques. The active site on SarA was
disclosed through these computational approaches
to explore the mode of ligand binding on to the ac-
tivesite. Theligand designing was based on thefrag-

mental approach in order to provideinterphase plots
for copious fragments. Thein silico methods for
revealing the potential SarA inhibitors employed
Schrodinger suite software to dock small fragments
at the binding site. A methodical investigation to
probethe structural fragmentsrelied on non bonded
contact linking the SarA functional group and the
ligand. Thisinturnillustratestheindispensible as-
sociation between the ligand and the active SarA
site. The outcome of molecular docking has dem-
onstrated the binding mode of SarA inhibitor and
possible docking siteswithin SarA activesitere-
sulting intheformation of ahydrogen bond (Figure
2, 3). Thethreedimensional (3D) structures of SarA
were retrieved from protein data bank (PDB) da-
tabase from its unique identity based on its acces-
sion ID (2FRH) and processed. The chief restraints
were receptor related where the binding of SarA
withitsligand isthe source for design and scoring.

HO
C12=-5.77 Gscore Z

3 H Bonds

ASP 188
GLU 189
ARG 190

Leu
153

Figure2: Docking patter n between sucroseand Sar protein

The active binding site of the SarA iswell deter-
mined and it not only describesthe shape constraint
but theoretical binding sites supported by hydro-
gen bonds, el ectrostatic and additional non cova-
lent communications.

Thevery much conserved hdlix region accountable
for DNA binding (R90) aswell asinduction (D88 and
E89) characterized the de novo receptor and the bind-
ing site. The X-ray structures of SarA served asthe
protein coordinatesfor molecular docking. Thebound
divalent cationswereimpounded and the hydrogen at-
omswerecongtituted.
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Figure3: Graphical imager epresenting theinteraction between sucroseand Sar protein

CONCLUSION

It isevident from the present study that UTl isa
commoninfectionin pregnant and non pregnant women
anditspreva enceisenhanced during pregnancy dueto
variousphysiologica factors. Theonset of theinfection
isinthe 6" week of pregnancy through 24" week!*,
Despitethefact that the preva ence of bacteriuriadur-
ing pregnancy issmilar to that in non pregnant women,
pregnancy enhancesthe possibility of infection among
women1-32,

Therate of occurrencevariesfrom 2 to 13% dur-
ing pregnancy and it starts during the 6™ week of preg-
nancy and reaches peak during the 24" week. E. coli
isthe predominant pathogen responsiblefor theinfec-
tionand S aureus predominatesamong the Gram posi-
tive bacteria. Untreated asymptomatic UTI canlead to
symptomatic UTI upto 40 to 70% among women dur-
ing pregnancy. Sengtivity pattern of the pathogensiso-
lated from the urine samples of the patients showsre-
sistanceto some commonly prescribed drugsduring
pregnancy. Appropriate useof antimicrobia agentscan
be administered only after culture and sensitivity pat-

BioTechnology —

tern of the pathogens. Theagr and sar pathway are
extensively studied dueto their rolein favoring quo-
rum sensing leading to biofilm formation and confers
the pathogen with propertieswhich can mask the ef-
fect of avariety of anti microbia agents. Theinhibition
of quorum sensing mechanism can lead to effectual
novel approachesto pacify the bacterial pathogen-
esi ¥, Theexistence of two ple otropic pathways (agr
and sar) responsible for the expression of virulent
genes’®.

The antibiotic sengtivity pattern demonstratesthe
existenceof res ganceto B-lactum antibioticslikeampi-
cillinand amoxicillin. Molecular docking studieshave
disclosed the specific active siteson SarA responsible
for triggering Sgnificant corroborations. Despitethefact
that the present study hasinvestigated therate of preva-
lenceof UTI amongwomen during pregnancy and has
revealed the antimicrobial pattern exhibited by the
pathogen, thestudy involved asmall number of samples.
Further studieswith large samplesizearerequiredin
order to widen thefacts of thisstudy. Further studies
will providestronger evidencesto confirmtherol e of
these pleotrophic pathwaysin regul ating the various
genesassociated with virulence.
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