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ABSTRACT

Biofilms are complex microbial communities thatwrat interfaces, often at solid-liquid surfacesofins are
usually found on solid substrates submerged inxmosed to some aqueous solution, although theyfaam as
floating mats on liquid surfaces and also on thdfase of leaves, particularly in high humidity chites. The main
objective of the present study was isolation, pratfon, and characterization of E.coli. Genomic BNvas
extracted from the identified isolate, and analymsohg biochemical characterization. The aim of pnesent study
was to understand the presence of ndvB gene idiBbih in turn is responsible for antibiotic resance through
biofilm formation. E.coli was isolated for biofilforming regions. The selected E.coli colonies wark cultured
and purified on EMB Agar plates and were furtherimeined on Nutrient Agar slants. For further canfation the
selected E.coli strains were morphologically chdeaized by Gram'’s staining and were found to bengraegative,
short rods. They were further biochemically chaeaized by tests such as Indole test, Methyl Ret] VEstest and
Citrate test. All the strains were positive for thel test and Methyl Red test, Voges ProskaeuratedtCitrate
utilisation test were negative. Hence from thesgsté was further confirmed that the isolated stsabelonged to
the genus Escherichia coli. The ndvB gene was &iggpland the biofilm studies were confirmed by ethanethod
and primary adherence test. The biofilm assay dwdprimary adherence assay strongly suggests obithfédm
forming nature of the E.coli.

Keywords: E. coli,ndvB gene, Biofilm formation assay, Primary adheecassay.

INTRODUCTION

Biofilm development is not a simple and uniform gess, but rather is more complex and differentidkeoh it
appears on the surface [1]. Biofilm formation prede as a controlled developmental sequence, aadtges have
been suggested. In stages one and two, a tempassogiation with the surface through weak chenfitafactions,
such as van der Waals forces, occurs followed topgtadhesion [2]. The surface appendages suchi,g&nbriae
and curli as well as the production of the EPSigste in this stage. Stages three and four irectheé aggregation
of cells into microcolonies with consequent growatid maturation. During the maturation of the biofitthe cells
continue to grow and produce more EPS, causingpansion of the microcolonies [3]. These large ptotonies
then merge forming even thicker intricate architee$ that include regions filled with water. Staipee is
characterized by a return to transitory motilityesd biofilm cells are shed and disseminated eitidividually or
in groups into the surrounding environment witleturn to the planktonic state [4].

Biofilm structures can be flat or mushroom-shapegethding on the nutrient source, and its struatarechange
according to nutrient conditions, surface and fater properties and hydrodynamics. For exampldilii® formed

in running waters are filamentous and patchy, biafiin quiescent waters have mushroom or moundslikectures
[6,7]. Biofilms under sheer stress are stratifiad aompacted, biofilms from sludge reactors areegmive.
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Escherichia coli biofilm initiation and maturatiaran involve many diverse factors and its capabitiityform a
biofilm depends significantly on environmental cinestances [8,9,10]. Even well-demonstrated adhefsictors
can be exchanged by others in some cases. Numdiffesent pathways can be used during E. coli biofi
formation, and several regulatory mechanisms coafitdinate the biofilm adhesion and maturation esses [11].
In E. coli, motility has shown to have a link witls ability to form a biofilm since its flagellalaws bacteria to
spread along the surface. However, it is not airement, and nonmotile bacteria can still form bin$ under
certain conditions where the expression of robdsieaion factors may substitute for force generatimmyements
during the initial interactions between adheringtbea and the surface [12].

Biofilm formation occurs by at least three differemechanisms. In one mechanism, type IV pili-mestiatvitching
motility encourages surface aggregation. Alterragivattached cells spread outward and upward fhgrbidivision
to form cell clusters, or cells are recruited frive bulk fluid to form of biofilms. The relative ntribution of these
mechanisms depends on the organisms, the natuttee asurface, and the physical — chemical conditbnhe
environment [13]. The twitching motility, growth tea cell signalling, exopolysaccharide productiamd the
physical growth environment all play a significaote in the biofilm structure. Bacteria growing liofilms are
responsible for a large number of persistent ifdast and are often more resistant to antibioti@nthre free-
floating bacteria [14,15]. Biofilms offer a mode gfowth for bacteria that allow them to survive andeed thrive
in a host. The survival of bacteria exposed toda@mompounds is a multifactorial phenomenon, invajvivell-
known molecular mechanisms of resistance but &ss-Well-understood mechanisms of tolerance thed te be
clarified. In particular, the contribution of bitifi formation to survival in the presence of toxanmgpounds, such as
nickel, was investigated in this study [16,17].

E. coli is nonspore-forming and beta hemolytic. acConkey Agar, it usually ferments lactose or pia pink

colonies with surrounding areas of precipitateé bdlts. It also presents with a green sheen an amthylene blue
agar. E. coli strain will produce indole from trgphan; it does not produce hydrogen sulfide, uress® cannot use
citrate as sole carbon source [20]. Pathogenidnstraf E. coli are responsible for three types mdections in

humans; urinary tracts infections, neonatal metiggand intestinal diseases. Uropathogenic E. (&#C) causes
90 % of urinary tract infections in anatomicallyrm@l and unobstructed urinary tracts. The uropathimgstrains

have an adherence factor called P fimbriae, or witich binds to the P blood group antigen and matedithe

attachment of E. coli to uroepithelial cells. Thpafients with intestinal carriage of this straie at greater risk of
developing UTI than the general population [22].

One of these genesdvB encodes a glucosyltransferase involved in themdtion of cyclic glucans. The glucans
are cyclic polymers of 12 to 15(1—3) linked glucose molecules with phosphoglycerdissitutions. Inactivation
of ndvBblocked glucan production but did not affect grieythe kinetics of biofilm formation, or the aradgdture of
the biofilms [12,16].

Expression oferbRin AndvBbiofilms was restored after the treatment of thafilon with periplasmic extracts
derived from wild-type biofilm cells. Inactivatioof ethanol oxidation genes increased the sensitofibiofilms to

tobramycin [15,2]. Together, these results revieatridvBaffects the expression of multiple genes in biediland
that ethanol oxidation genes are linked to biofdpecific antibiotic resistance [11].

The present study was undertaken to isolate theethalcisolates from the contaminated kitchen wastes isolates
were screened and subcultured to isolate the gendMA. The extracted DNA was used for amplifying/Bdgene
(Biofilm forming gene). The isolates were also éestfor their ability to form the Biofilm and theprimary

adherence capacity.

MATERIALS AND METHODS

ISOLATION AND IDENTIFICATION: Contaminated water samples from the kitchen wagielipes were
collected in sterile centrifuge tubes. For theasioh of pathogeni€&.coli, the samples were streaked unto the EMB
agar plates and incubated at 37 °C for 24 h. Thenis were isolated on the basis of the clear ppoduced by the
organism and colony morphology shape, size, strecttexture, appearance, elevation and colour. hEort
identification was done on the basis of staining Aiochemical tests. Differential staining i.e. @rataining was
performed.

BIOCHEMICAL CHARACTERIZATION : The different isolates obtained were screenedgfams staining.
Different mediums were used for the biochemicalraberization of the isolated and selected bacterigheir

identification according tdBergey’'s Manual of Determinative Bacteriologyetermination of the physiological
properties of strains was performed according éokfochemical tests recommended. These tests edjummong
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other assays, aerobic or anaerobic growth, pH rafiggowth, test for motility, methyl-red and Vogé&xoskauer
tests, Oxidase, Catalase, hydrolysis of caseimteitutilization, nitrate reduction, Indole prodoot Urease test,
gelatin hydrolysis, and hydrolysis of polysacchasiédind fermentation of various sugars.

Molecular Characterization of the isolates:

DNA isolation: The isolated colonies were then cultured in Lur&tBni broth and incubated at 37°c for 48 hours.
Following the incubation, 2ml bacterial culture wantrifuged at 6000 rpm for about 10 minutes. A@gellet 1ml

of lysis buffer (10mM Tris HCI, pH 8; 0.5M EDTA; 8% SDS; 1M NaCl) was added and vortexed property an
incubated at 45 OC in boiling water bath for 10 u#s. Following incubation, 1ml of phenol: chlorofo mixture
(1:1) was added to the mixture and centrifuge ad0@pm for 10 minutes. The upper aqueous layernrasferred
and equal volume of chloroform: isoamyl alcohol e (24:1) was added and then 1/10th volume ofs8ilium
acetate was added. The contents are mixed propedycentrifuged at 10,000 rpm for 10 minutes. T® tbper
aqueous layer double the volume of chilled etharad added to precipitate the DNA and later cergatuat 12,000
rpm for 10 minutes. The DNA pelleted was the stane@0-50ml of TE buffer and stored at 4°C for het use. The
extracted DNA was then quantified using the Narmpdspectrophotometer (ND-1000) to check for thetpufhe
pure DNA obtained thus obtained was run on 0.8%cagagel to check for the DNA bands.

PCR amplification: The ndvB gene was amplified by PCR using purifieehgmic DNA as a template.
Oligonucleotide primers were synthesized to amliy intact region of ndvB gene. The forward prifaerndvB,

5 GAGGTGGCAAAATGGGCAAG 3 and the reverse primer,-SCATGCAGGCAAGAATCGACG 3, were
purchased from Eurofins, Bangalore. These primersespond to the gene ndvB and thus the final PE@Ryzt
was 781bp. The PCR mixture consisted of 10x readtigffer with MgCI2 (1.5mM), gL of ANTP mix (2.5mM),
2uL each of forward and reverse primers (10picomalesach primer), 048 of Tag DNA polymerase (5 WL),
and 50ngiL of template DNA in a total volume of g0. The PCR was performed with the following cycling
profile: initial denaturation at 94°C for 3 min,lifsved by 30 cycles of 30s denaturation at 94°Q\eating at 62°C
for 30s, and extension at 72°C for 1min. The timethe final extension step was increased to 3 e PCR
products amplified were then qualitatively analysedl% agarose gel.

Cultivation of biofilms: Biofilm formation studies were done by ethanol acet method. Briefly, the overnight
cultures from Luria Broth was taken and dilutedataatio of 1: 200 using Luria Broth+Glucose solatidhe
contents are then transferred to Microtitre platd acubated at 3T for 24 hrs. After incubation the wells were
washed 3 times with PBS (200l in each well) amdlaed. The wells were then stained with 2% crygtalet for
about 15minutes and rinsed with tap water and aedd The crystal violet was then solubilized inOR0 of
ethanol:acetone 80:20 and the absorbance was redasLE90nm.

Primary adherence assayThe isolates were inoculated into Luria Broth comtey 0.5% glucose and incubated at
37°C overnight. About 200ul of the broth with cultwwas diluted to an absorbance of 0.1 at 578nm wiBkoth
containing 0.5% glucose. 10ml of this suspensiona added to petri plates followed by incubationtfeo hours at
37°C. After incubation the petriplates were washedeaghtimes with PBS and the cells were then fixech wit
glycerine solution followed by gram staining. Thiharent bacterial cells were observed under 40Xnaeah count
was taken for 5 microscopic fields.

RESULTS

ISOLATION OF Escherichia coli: 10 Escherichia colicolonies were isolated from various biofilm sanspl€he
strains were subcultured on Eosine Methylene Biar alatesE.coli cultures showed dark coloured colonies with
green metallic sheen on EMB Agar. The selectedisslwere subcultured and maintained on Nutriermtr Atants
for further use. The isolated strains were morpgicklly characterized by Gram’s Staining and wereficmed to
be Gram negative and small rods.
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Figure 1: E.Cali isolates subcultured on EMB Agar plates

Biochemical tests

Test S1| S2| S3 S4 Sb 96 $7 H8 [S9 $10
Indole test - - - - - - - - - N
Methyl Red test + + + + + + + +H 4 +

Voges Proskauer tesf + + + + + + + + + +
Citrate Utilization test - - - - - - - R R N
Catalase test + + + + + + + + + +
Urease test - - - - - - - - | _
Nitrate reduction test| + + + + + + + + + +
Starch hydrolysis test| + + | + + + + + + + +
Caesin hydrolysis tes - - - - - - B - R

Table 1: Biochemical test results
DNA isolation: The qualitative analysis of DNA by gel electroptsisds shown in following pictures. The obtained
DNA showed sharp single bands on 0.8% agaroseitf@wt any degradation or RNA contamination.

Fig 2: DNA isolation of the bacterial isolates. Sio S10: Bacterial isolates

PCR amplification of ndvB gene: The samples were amplified withdvB primers namely Forward primer:
GAGGTGGCAAAATGGGCAAG; Reverse primer: CATGCAGGCAARA CGACG. The amplified product was
run on a 1 % agarose gel. Sharp bands of bandhlerigtpproximately 780bp were obtained. The angdifbands
indicated the presence of ndvB gene in the seldet€tbli strains. Among the 10 isolates, the ndvB gene wasd
to be present in all of the selected isolates.
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Fig 3 : PCR amplified products on 1% agarose gel. MMolecular marker, E1, .E10: isolates. The band wafound to be 780bp

Cultivation of Biofilms & Primary adherence assay:All the bacterial isolates were shown to processesbility
to form the biofilms. The values obtained were agerof triplicates. The O.D value at 595nm shoviredbiacterial
ability to form the strong biofilms. The negativentrol which was sterile distilled water added lie tvell showed
an O.D value of 0.03, which is negligibl€éhe bacterial isolates also showed positive respomshe adherence
assay. The cell count obtained proves of the capatthe isolates to form strong ability to adh&wehe wells. The
values obtained were average of the count takem fiee focus fields. The negative control which wdistilled
water showed a least count of 15-25 cells.

Table 2: Table showing the cell count of primary dherence assay of bacterial isolates and the O.Dluas of the Biofilm formation assay.
All the values are the averages of triplicates. Theell count in adherence assay is the average okthounts taken from five focus fields

1 2 3 2 5 6 7 8 9 10
Biofilm 021+ | 022+ | 018+ | 0183+ | 0192+ | 0203+ | 0243+ | 0232+ | 0233+ | 0213¢
Assay 0.21 0.03 0.07 0.03 0.01 0.05 0.05 0.02 0.07 0.01
Adherence 756 744 654 687 673 599 634 651 432 867
assay
DISCUSSION

The biofilms have evolved significantly increasetilaiotic resistance relative to their free-flogticounterparts,
severely hampering the successful treatment oflimiefssociated infections. The increased antimiatesistance
results from the simultaneous operation of multiplefilm-specific mechanisms that are still notljulinderstood.
Deeper understanding of these mechanisms will lefuligor the development of new antibiofilm agerfitam
which innovative therapeutic measures may be dpeeldo eradicate persistent infections. The airthefpresent
study was to understand the presence of ndvB gegecbdli which in turn is responsible for antibiotic reaiste
through biofilm formation. E.coli was isolated foiofilm forming regions. The selectdglcoli colonies were sub
cultured and purified on EMB Agar plates and wewethfer maintained on Nutrient Agar slants. For Hart
confirmation the selecteH.coli strains were morphologically characterized by Gsastaining and were found to
be gram negative, short rods. They were furthech#mically characterized by tests such as Indsle kethyl Red
Test, VP test and Citrate test. All the strainsenygositive for Indole test and Methyl Red test, ¥@droskaeur test
and Citrate utilisation test were negative. Herroenfthese tests it was further confirmed that gutaited strains
belonged to the genusscherichia coli For molecular characterization of tkecoli strains, genomic DNA was
isolated from 1(E.coli sp. by Phenol-chloroform extraction method.

The PCR test for amplification of ndvB gene has destrated that the gene can be detected and difieted
across a wide spectrum Bfcoli. The PCR protocol described in the present studheispensive, accurate and rapid
in detection of the ndvB genes khcoli isolated from biofilm samples. Successful treatnambiofilm-associated
infections is hampered due to high levels of rasis¢ of biofilm-growing pathogens to antibiotidsisl difficult to
completely kill microbial cells in a biofilm (espiatly those in the centre) by classical antibidtEatment strategies,
such as antibiotic prophylaxis, early aggressivéantic therapy and chronic suppressive antibittierapy.
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