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ABSTRACT KEYWORDS
Bacteria accomplish various tasks necessary for their survival through Quorum Sensing;
Quorum Sensing (QS), a Process that ensures synchronization of their EHECO157:H7,
activities at the genetic level, which brings about favourable phenotypic SdiA;
changes. Highly pathogenic organisms, such as Enterohaemmorrhagic QQ SdiAM,

E.coli (EHEC 0157:H7), use QS asanimportant mechanism for establishing
virulence and biofilm formation in host cells. These infections lead to
haemorrhagic colitis, which could progressto aclinicaly critical condition
termed Haemolytic Uremic Syndrome (HUS). Earlier investigation of our
research group hasimplicated that compounds derived from Melia dubia,
shows SdiA selective biofilm inhibition of Uropathogenic E.coli (UPEC).
One such compound, QQ SdiAM, was tested as an SdiA antagonist of
EHEC 0O157:H7 strains. QQ SdiAM was found to be effective at low
concentration (MBEC of 1 pg/ml), and the results of biochemical assays
performed showed that it has potent anti biofilm activity. Autoaggregation
and cell surface Hydrophobicity reduced upon treatment, as did acid
resistance. The % hemolytic activity also decreased in sdiA+ strain upon
QQ SdiAM treatment. Swarming motility showed an increase upon
treatment. Expression of FtsZ cell division protein decreased by 51% in
sdiA+ strain. In all these tests, the compound showed littleto no effect on
the““sdiA strains. CLSM analysis of strains adhered to HEp-2 cells showed
significant decrease in biofilm parameters such as thickness and biomass,
in sdiA+ strain. The compound also had high % cell viability (92%) at its
MBEC value. These results suggest not only that QQ SdiAM is a potent
antagonist of SdiA, but it is an anti-biofilm compound as well.
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INTRODUCTION

Bacteriahave evolved over the course of timein
order to optimizetheir surviva and proliferation under
extreme environmental conditions?, perfecting their
existence ascomplex communa unitscaled biofilms,
which are polymer matrices embedded with individual
cellg3. Most pathogeni ¢ bacteriacommunicate with
each other through extracd lular sgnalingmoleculesin
order to perform coordinated functions, called quorum
sensing (QS). Theseinteractions|ead to enhanced
virulence, biofilmformation, antibiotic res stance, acid
resstanceand heightened cell surviva under harsh con-
ditions presentinthe host'“.

Enterohaemmorrhagic E.coli (EHEC O157:H7),a
gram negdtivebacteriumthat producesaShigarliketoxin
cdled verotoxin, isadeadly pathogen, with infectious
doses as low as 2-100 bacterid®. Its symptoms in-
clude bloody diarrhoea, which progresses to
haemorrhagic colitisand Hemol ytic Uremic Syndrome
(HUS), which can befata to young children and the
ederly®®. HUS, whichischaracterized by vomiting and
diarrhoea, may lead to kidney failureand haemolytic
anaemia. Themagjor virulenceof EHEC O157:H7is
conferred by a 35.5 kbp island in the chromosome,
called Locus of Enterocyte Effacement (LEE)
Pathogenecity Island (PAI)[. The proteins produced
by thisisland form the core of transport of toxinsinto
host cellsthrough the type 3 secretion system. EHEC
0157:H7 formsintimate attachment with thehost cells
through adhesion proteinsfrom LEE PAI, resultingin
theformation of Attaching\Effacing (A\E) lesonsdong
thelumen of theintestine. EHEC possessesa 90 kbp
plasmid pO157 that encodes for verotoxins and
haemolysins, dso contributing toitsvirulence.

Based onthe signalling molecules, QS systemsin
bacteriacan be dassfied into 3types, theAutoinducer-
1 (Al1) AHL pathway, the Autoinducer-2 (Al2) path-
way and the Autoinducer-3(Al-3) pathway®. SdiA
(suppressor of cell divisioninhibition), theQSprotein
of E.cali,isaLuxR homologinvolvedinintraspecific
communication through indole by Al-2 pathway, and
interspecific communication throughAHLS?, by Al-1
pathway. It hasbeen shown that certaingenesof E.coli
and EHEC O157:H7 responsible for virulence and
biofilm formation are under the control of SdiA. Stud-

iessuggest that SdiA repressesthe expression of viru-
lencefactors during the stationary phase'¥, enhances
multidrug resistance’?, increasesacid toleranceand dso
increasesthebiofilmformation.

Other characteristicsof EHEC O157:H7 strains
whichinfluenceitsattachment and biofilmformationthet
may also be under the control of SdiA include
autoaggregation, cell surfacehydrophobicity, matility and
acid resistance. Accordingly, the genes encoding for
some of these characteristics, such as eps, fim, wza
and caf, seem to be under SdiA control. We hypoth-
esizethat SdiA, actingasaglobal controller, regulates
thebiofilm formation and establishment, and that it has
some effect upon virulence aswell. Hence, asuitable
SdiA antagonist would nullify itseffect, and reducethe
pathogenecity of EHEC O157:H7 strains. Our godl is
tovaidatetheroleof QQ SdiAM, acompound derived
and purified from Meliadubia, asan EHEC SdiA an-
tagonist, to determine its MBEC concentration and
evauateitsanti-biofilm potential through biochemical
andinvitro HEp-2 cell adherence assays.

MATERIALSAND METHODS

Bacterial strainsand medium conditions

Thestrainsused areshownin TABLE 1, whichin-
cludesEHEC O157:H7 sdiA* wild typestrain and the
mutant “sdiA strain, gifted by Dr.ThomasK.Wood of
PennsylvaniaState University. The cellswererevived
from dantsand success ve experimentswere performed
using LuriaBertani (LB) medium.

TABLE 1: Srainsused inthisstudy

Strain Description Reference
.+ Wild type strain of EHEC

SUA™ 5157:H7 containing siA [12]

AsdiA  Mutant strain lacking sdiA [12]

Sudieson growth

Thestrainswere cultured in LB medium and the
Optical Density (OD) wasmeasured at 600 nm at regu-
lar timeintervasfor aperiod of 24 hours. S multaneoudly,
to measurethe CFU/ml, colonieswerecounted in LB
agar a thesametimeintervals.

Biofilm assay

The biofilm assay was adapted from the method
s BioTechnology
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followed by Silagyi et al™. Briefly, overnight cultures
were diluted in LB broth and aliquoted in 96 well
microtitreplates, with or without addition of QQ SdiAM.
After 24 hours, the medium wasdiscarded and wells
werewashed twicewith sterile PBS, and adherent cells
were stained with 0.1% crysta violet in 90% ethanol.
After incubation at RT for 30 minutes, OD was mea-
sured at 590 nm.

Theresultswerequantified using specific biofilm

forming index? (SBF), as SBF = (AB — CW)/G,

whereAB=test culture, CW= uninoculated medium, G=
inoculated medium.

Minimum biofilm eradication concentration
(MBEC) assay:

Theminimum biofilm eradication concentration, at
which bacteriafail to regrow after addition of antimi-
crobia compound, was determined using tube assay
and microtitre plate assay!™. Overnight culturesof both
stransweredilutedin /100 ratio andincubated for 24
hoursat 30UC. The medium was aspirated, and wells
werewashed with distilled water twice. Thedrug QQ
SdiAM was added at different concentrationsranging
from 5 ng/ml to 1.2 pg/ml. After incubation with drug
for 24 hours, thewel|swerewashed thoroughly with
sterile salineand 1% peptone was added to thewells.
OD was taken at 655 nm after 24 hours. The same
assay was also performed in test tubes. CFU/ml was
also measured in LB agar platesafter 24 hour incuba-
tion with peptone.

Autoaggr egation assay

Autoaggregation assay was performed according
to Del Reet al.*4. 10 ml of 18" hour (late exponential
phase) cultures treated with/without MBEC of QQ
SdiAM were placed oniceand 100ul of samples were
withdrawn 1 cm below theculturelevd, a regular time
intervals, and transferred aseptically to new tubes con-
taining 1 ml of sterile saline containing 9% NaCl. The
OD wasthen recorded at 600 nm.

The % autoaggregation was cal cul ated as per the

. OD—0Dad o
formula%cAA = [—

] X 100
oD

Cell surfacehydrophobicity:

Thecdl surface Hydrophobicity was adapted from
Gograet al.™ To check the % Hydrophobicity, the

BioTechnology —

overnight treated and untreated cultureswere centri-
fuged and resuspended in sterile PBS. The OD at 660
nm was adjusted to 0.4, and 2.5 ml of bacterid culture
wasmixed vigoroudy with 1 ml of p-xylenefor 2min-
utes. Then, it was allowed to stand at RT for 20 min-
utes, whereby it separatesinto two phases. The aque-
ous phase was removed and its OD at 660 nm was
determined spectrophotometricaly.

Quantitatively, the extent of hydrophocity iscal culated

. __ rAetlcontrol-Ac&sltest
asq;DHI - [ ABE0 control :| x 100

Hemolysis assay

EHEC O157:H7 strains were inoculated in LB
mediaovernight, supplemented with MBEC of QQ
SdiAM. 50 ul of 2 fold dilutions of culture in saline con-
taining 5 mM of Calcium Chloride. Equal volume of
5% human RBC suspended in PBS was added, and
centrifuged at 750 x gfor 15 minutes. The supernatant
was collected and its OD at 570 nm was measured.
% Lysiswascalculated using theformula
ODsample—0Dbackground

ODtotal —-0Dbackeground
Total hemolysisis produced by distilled water, and
background hemolysisisthe amount of lysis produced
by the Cdcium chlorideaone.

Acid senditivity assay

Exponentia phasetreated and untreated cultures
of EHEC O157:H7 strainscontai ning approximately
10 CFU/ml were centrifuged and washed with equa
volume of LB or saling*®l. Resuspend the culturesin
samevolume of sterile LB broth with pH adjusted to
2.5using 1M HCI. Thesearedesignated as undiluted
cultures. Fromthecentrifuged samples, dilutionwasaso
done(100-fold) inacidified LB medium; thesearedes-
ignated asdiluted cultures. Theseculturesareincubated
a 37UC overnight with shaking in 100 ml conical flasks.
Sampleswereperiodically withdrawn and diluted ap-
propriately in 0.85% saline, and col onieswere counted
on LB agar plates. The extent of coloniesgrowingin
LB platesafter 24 hourswill giveanindication of acid
sendgitivity of thetreated cultures.

OpLysis = [

] x 100,

Swar ming motility

The swarming motility of EHEC O157:H7 strains
weretested on LB agar plates containing 0.4% agar.
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Overnight LB cultures of the untreated and treated
grains(withMBEC of QQ SdiAM), werewashed twice
with gterilePBS, and 50 pl of sample was pipetted into
the plates and incubated at 37UC for 24 hours. The
bacterial motility was measured asthedistal extent of
movement by thebacteria, incm.

SDS Page electrophoresis:

Todeterminethefold expression of FtsZ proteinin
thetreated and untreated cultures, 100 ml of overnight
cultureswerecentrifuged and the pelletswere coll ected.
Theseweredissolved in 3 ml of cdll lysisbuffer, and
incubated for 15 minutes. Thismixturewasagain cen-
trifuged, and the supernatant was collected. Theindi-
vidual supernatantswerethen subjected to ammonium
sul phate precipitation at a20% saturation, and the pel -
lets collected, containing inactive FtsZ proteinswere
discarded*"). The supernatants obtained asaresult of
ammonium sul phate precipitation werefurther subjected
to preci pitation, by increasing the saturation % of am-
monium sulphateto 25%. Theresultant 25% pellets
were suspended in gppropriate volume of sterile PBS
and stored at -20UC till further use. These pellets, con-
taining active FtsZ proteins, wererunin SDSPAGE,
containing 10% separating gdl.

In vitro cdl linestudies

HEp-2 cell adherence assay

The HEp-2 cells were purchased from NCCS,
Pune. Thecellsweregrownin DMEM medium until
confluency wasobtained. Thecdlsweremaintainedin
DMEM containing antibioticstill use'®. When cells
reached confluent stage, they were added to 6 well
platescontaining sterilecover dipsandincubated in CO,
incubator for 24 hours. After incubation, FITC labdled
treated bacteria cultureswere added tothe cover dips
withand without drug. Thewellswereagainincubated
in CO2 incubator for 3 hours, and thenthe cover dips
were aseptically removed and used for CLSM analy-
sis. COMSTAT softwarewith MATLAB wasused to
anadysehiofilms.

Cell cytotoxicity assay

Thecytotoxicity of the drug towardsHEp-2 cells
wastreated using two concentrations, M BEC concen-
tration, and high dose (100timesMBEC). Thevaueof
high dosewas set arbitrarily. TheMTT proliferation

—————— FyLL PAPER

assay wasfollowed™. Briefly, the sub confluent HEP-
2 cellswereadded in microtitre platewells, dongwith
DMEM mediumdone. After adherencewasestablished
intheplates (24 hour incubationin CO2 incubator), the
drug was added at thefixed concentrationsto thewdlls,
followed by additionof MTT and incubation for 3hours
in CO2incubator. Following theincubation period, 200
ul of isopropanol was added to the wells and OD was
taken at 590 nm.

RESULTS

Figure 1 shows the growth pattern of EHEC
0157:H7 grainsaong aperiod of 24 hours, differenti-
atedinto different growth phasesfor each of thestrains.
Quantitatively, the number of coloniesof both strains
were determined, and the 24 hour CFU/ml of both

strains were of the order of 3-4 * 10 colonies, as

represented in TABLE 2. Theresultsof biofilm forma
tion (Figure2) without addition of drug showsthat sdi A+
strain produced moderate bi ofilms compared to mu-
tant strainsproducing weak biofilm, asquantified by
the SBF values.

TheMBEC of QQ SdiAM wasdetermined, using

2.0
- gdiA”
- sdiA®

OD (600 nm)

0.0

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hrs)
Figurel: Timedependent growth pattern of EHEC O157:H7
strainsin Luriabroth

TABLE 2: Viable counts(Colony Forming Units(CFU/ml))
of EHEC O157:H7 strains

Growth Phases — CRU/m
sdiA AsdiA
Early Exponential 6.6 x 10° 5.0x 10°
Mid Exponential 5.8x 10’ 5.5x 10’
Late Exponential 3.8x 10° 4.3x10°
Stationary 3.6x 10 3.9x 10
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Figure?2: M ean Specific Biofilm Forming Index of EHEC
O157:H7 strains at various growth phases (A-Mid
exponential; B-L ateexponential; C-Sationary)

different concentrations of drug ranging from5 ng/mi
tol.2 pg/ml. The results indicate that the biofilm was
eradicated lowest when QQ SdiAM concentration was
1 pg/ml, as shown in Figure 3 and Figure 4. Using the
MBEC vaue, biofilmformation assay wasrepeated with
addition of QQSdiAM- and theresult showed that ade-
creasein biofilm formation was observed only inthe
caseof sdiA+ strain, with negligible effect on themu-
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Figure3: Effect of SdiA antagonist QQ SdiAM treatment on
deter mining M inimum Biofilm Eradication Concentration
(MBEC) on EHEC O157:H7 grainsin thelate exponential
phase
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Figure4: Effect of QQ SdiAM (Low Dose (L D-0.8 ig/ml);
M edium Dose (M D-1ig/ml); High Dose (HD-1.2ig/ml)) on
cell viability (log CFU/ml) of EHEC O157:H7 gtrains

tant strain (Figure5).

Autoaggregation and cell surface hydrophobicity,
two phenotypesre ated to biofilmformation weretested
usngMBEC of QQ SdiAM. Figure6 and Figure8 show
that adecreasewas observed inthesdiA+ strain with
addition of drug, whereas no significant changeswere
observed in the mutant strain on addition of drug. A
graph plotted between the biofilm readings and
autoaggregation % showed apositive correlation, as
seeninFigure 7. Hemolysis assay was quantitatively
performed with the bacterial cells treated with QQ
SdiAM. Thedrugtrested i A+ strainsshowed amarked
decreasein % hemolysis (Figure 9). it wasfound that
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Figure5: Effect of QQ SdiAM (1ig/ml) on Mean Specific
Biofilm Forming Index of EHEC O157:H7 gtrains

addition of QQ SdiAM tosdiA+ cellsincreaseditsacid
sensitivity, thesdiA+ control showed greater acid re-
sistance, wheareas the mutant responses were more or
lessidentical, asshownin Figure 10. Figure 11 shows
anincreasein swarming motility zonefor drug treated
sdi A+ strain, compared to mutant strain lacking SdiA.
Theeffectsof al thebiochemical assaysof treated and
untreated sdiA+ strainare plotted in Figure 12.
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Figure 6 : The effect of QQ SdiAM (1 ig/ml) on the
autoaggr egation ability of EHEC O157:H7 strains
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Figure8: Effect of QQ SdiAM on themean Hydr ophobicity
index (HPBI) of EHEC O157:H7 gtrains. Error barsrepresent
thesignificant differencesbetween thegroups (P<0.05)

Thetreated sdi A+ strain shows almost 50% de-
creasein protein expression, very comparablewiththe
mutant strain levels of expression of FtsZ proteins, as
seen in Figure 13, from the results of SDS PAGE.
CLSM data generated using COMSTAT, including
thickness, roughness coefficient, biomass and number
of coloniesof adherent cellsisrepresentedin Figure
14. The biomass and thickness show a marked de-
creaseinthecaseof sdiA+ strain. QQ SdiAM, at MBEC
vaueshowed cdl viahility of nearly 90%inHEp-2 cdls.
At 100timesMBEC, thecdll viahility reduced to nearly
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Figure 10 : Effect of QQ SdiAM on the acid resistance of
EHEC O157: H7 gtrains

84%, whichisnot avery appreciabledecrease. Thisis
represented in Figure 15.

DISCUSSION

The preliminary growth studies showed that there
wereno magor differencesin the growth andfinal cell
dengity of the 2 strains. Thispermitsusto performthe
varioushiochemica assaysinasmilar manner for both
grains, it d so showstha sdiA doesnot affect thegrowth
characteristicsof EHEC O157:H7. Initid biofilmfor-
mation assayspredict that themaximum biofilm forma:
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Figurell: Motility of EHECO157:H7 strainstreated with
QQ SdiAM
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Figure 12 : A compar ative study between thetreated and
untr eated sdiA+ gtrain, show that themechanism of action of
QQ SdiAM isthrough SdiA

tion stageisattained at the 18" hour after incubation
(late exponential phase), and thereisadeclineinthe
biofilm formation at the 24" hour. Theresultsasoindi-
caethat thesdiA+ srainformsastronger biofilmwhen
compared to themutant strain, proving that SdiA isin-
volvedinbiofilmformation. Thiscould probably be by
activation of different genesthat areinvolvedin estab-
lishment of biofilmsduring the courseof pathogenesis.

To determinethe MBEC value of QQ SdiAM, the
tube and plate assayswere performed. Theleast OD
value and lowest CFU/ml were observed for a con-
centration of 1 pg/ml of QQ SdiAM. This value was
fixed assMBEC value, and taken asthe standard con-
centrationindl theexperimentsthat followed. Thede-
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would test the effect of the drug on both the strains,
with and without addition of thedrug. Biofilm formation
assay, when repeated with the addition of drug, showed
amarked decrease at thelate exponentia phase, sug-
gesting that QQ SdiAM decreasesthe biofilm after its
activation and keepsit a alow leve of expresson. The
results of autoaggregation assay and cell surface Hy-
drophobicity indicatethat QQ SdiAM actsthrough SdiA,
decreasing the %A A and %HI, and since both these
factorsareimportant in biofilmformation, adecreasein
sdiA+ strain showsthat QQ SdiAM isan antibiofilm
compound. Theresultsof hemolysin assay indicatethat
thedecreasein % lysisof the sdiA+ strain could bedue
tothereasonthat sdiA activatesthehly operonin plas-
mid pO157 of EHECO157:H7. By bindingto SdiA,
QQ SdiAM could act asan SdiA antagonist and pre-
vent itsnormal functions, thusreducing the hemolytic
character of EHEC strains. Anincreasein acid sensi-
tivity of sdiA+ strain with the addition of QQ SdiAM
showed that wild type cellsare naturally resistant to
acid, probably through SdiA. Thiscorrelateswith the
findingsof ... increase in motility suggests that SdiA
naturally repressesthe mot operon, and that addition of
drug preventsthisrepresson, thereby increasing motil-
ity of sdiA+ strain, but not the mutant strain. Figure 12
summari zestheseresultsappropriately.

FtsZ proteinsareinvolved in thecell division of
E.coli cdlls. It ispossiblethat these proteinsare under
the control of SdiA. The51% fold decreasein protein
expressoninsdiA+ strain, indicated both that thecom-
pound actsthrough SdiA and that SdiA isinvolvedin
over expresson of FtsZ. Meanwhile, themutant strains
both showed 51 + 3% protein express onswhen com-
pared to the sdiA+ control strain, again showing that
SdiA isimportant in FtsZ expression.

Theconfoca analysisgenerated resultsshowinga
marked decreasein the biomass, maximum thickness
and roughness coefficient. The number of coloniesat
the substrate has al so decreased upon addition of QQ
SdiAM insdiA+ strain. Interestingly, themutant strain
showed no such decrease upon addition of QQ SdiAV,
infact adight increasewas observed in biomass. These
overall resultsindicate quantitatively that important
biofilm parametersdo get affected upon addition of QQ
SdiAM, again provingitsefficacy asan SdiA antagoni<t.

Thesereaults, coupled with thefact that housekeep-

ing generemainsunaffected, showsthat SdiA activates
certain setsof genesinvolvedinvirulenceand biofilm
formation, and QQ SdiAM, acts only through SdiA.
Furthermoreitslow level of cytotoxicity tothe HEp-2
cellsmakesit anideal candidate asapotent drug mol-
eculeto cure EHEC O157:H7 infections, particul arly
HUS.
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