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ABSTRACT

Escherichia coli have been intensively studied under various aspects in
general bacteriology. Soil and water is a common source of infectious
agents and the human saliva contain excess amount of microbes espe-
cialy E.coli. The genetic variation in different population of E.coli was
studied using restriction fragment length polymorphism (RFLP) analysis.
Samples such as soil, water and human saliva were collected and the E.
coli strains were isolated and screened using the selective media and
subjected to Restriction digestion with EcoRI and Agarose gel electro-
phoresis. Upon molecular characterization, bands digested from E. coli
gave five bands of different morphology. Out of the five bands obtained
three bands were monomorphic in and all the other bands were polymor-
phic in all the three samples. Based upon the patterns of E. coli recovery
among the different sample types, there is 60% homology that indicates
the presence of common genes coding for common protein functions and
40% polymorphism in genes may be due to the variationsin the environ-
mental conditions and these polymorphic differences may provide adapt-
ability to a changing climate, or some other trait necessary for the species
to survive in the ever-changing world.
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INTRODUCTION

Escherichiacoli isanimportant member of thegas-
trointestind tract of humansand warm-blooded animd's
(primary habitat). Intheexterna environment outside
the host (secondary habitat), it isoften considered to
be only atransient member of themicrobiotafoundin
water and soil, dthough recent evidence suggeststhat
some strainscan persistintemperate soilsand fresh-

water beaches?. E. coli isthedominant aerobein the
gastrointestinal tract (GIT) of humansand other mam-
mag?.

Themgority of diversity sudiesinvolvingcommensa
E. coli haverelied onfaecal isolationg®+%. However,
for some bacterial species such as Sreptococcus mi-
tis, faecal isolations may not accurately represent the
popul ation col onizing the gut mucosd®. Most strains of
E. coli are harmless commensal of mammals™; how-
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ever, somestrainsare capabl e of causing either intesti-
nal or extrarintestinal diseasd®. Strainsresponsiblefor
intestinal diseases arethought to cause much of their
pathology inthesmall intesting®. Thispathology isdue,
inpart, totheability of the strainsto adhereto gut epi-
thelia cellg¥. Some commensal E. coli isolates can
aso adhereto gut epithelial cellg* 12,

Genetic structure of natural population of E. coli
present indifferent wild speciesincluding birdsand rep-
tileshasbeen reported®3. RAPD and protein biochemi-
ca markerswerea so studied to differentiate bacteria
straind*4, RAPD techniquewas applied for rapid iden-
tification and differentiation of E. coli srainsindclinicd
isolated®™. Comparative sequenceanaysisof plasmid
of enteropathogenicE. coli strainswasstudied in hu-
man4l,

M ost studiesdescribing geneticrdaionshipsamong
strains have focused on E. coli taken from host ani-
mal g 1819 with afew exceptiond??. E. coli strains
found in contami nated surface waters may not be di-
rectly comparableto E. coli that isisolated directly from
host sources, thereby complicating the utility of source
tracking using data sets of host source characteristics.
Differencesin survivorship may impact comparisonsof
host and environmental isol ates; for example, only a
small subset of E. coli fromahost may surviveinthe
environment, but these E. coli comprisethemgority of
drainsthat areisolated from contaminated waters. Pre-
vious studies provideevidencethat E. coli can persist
in the benthos environment and subsequently be de-
tectedin overlying surfacewaterd?, Residua popula-
tionswerereported in one study, wherefecal coliform
levelsin wastewater subjected to low temperatures
decreaserapidly but then stabilizeto 1 to 10% of the
initial population size??. In addition, E. coli that has
been isolated from septic tanks has been found to be
lessdiverseand genetically distinct than strains of E.
coli fromtheinhabitants of the househol ds served by
those systems3.

Recently, genetic analysistechniqueshavebeende-
vel oped toidentify sources of environmental bacteria
and thesetechniquesincludeanaysisof repetitive-DNA
fragment lengthd'¥ and genetic andysisusing restric-
tion enzymes, particularly focusing on sequencesinor
near 16Sribosomal DNA sequences (ribotype analy-
sis)i* 2, Although these previoustechniques depend
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on geneticdifferencesbetween E. coli Strains, nonehave
been based on direct knowl edge of the pecific sequence
differencesbetweenthestrains.

Inthisstudy, we eva uated the genetic profilesof E.
coli strainsfound in tap water, rhizospheresoil and hu-
man saliva. The objective of the present study wasto
determine the genetic relatedness of E. coli isolates
obtained fromwater, soil and humansdivausing RFLP.
Theunderlying hypothes swasthat E. coli isolatescan
exhibit sgnificant geneticdiversityinanaturd environ-
ment, and that their RFL P patterns can changeduring
their surviva insuch environmentscomplicating source
tracking. Wetested the hypothesisusing E. coli isolates
fromwater, soil and human saliva.

MATERIALSAND METHODS

Bacterial isolates

Soil, water and human salivawas sel ected as speci-
menfor isolation of E.coli for extensivegeneticvaria
tion sudies. Soil and water sampleswerecollected asep-
tically in asterile disposable container and stored at
37°C until use. Human saliva was collected using a swab
and taken to thelaboratory condition for experimental
procedures. TheE. coli strainswererecovered from
thesamplesusing normal serid dilution plating meth-
ods. Fromwhich 15 E.coli strainswereisolated and
identified (fivestrainsfrom each sample) based on mor-
phological, physi ologica and biochemical testsasde-
scribed by Kannan?4, Of these, 3isolateswereran-
domly selected and subjected to RFLP andysis.

Prepar ation of chromosomal DNA

E.coli wasgrownin 5ml of EMB (Eosin methylene
blue) broth at 37°C for 18-24h. The E. coli culturein
EMB broth (1.5ml) was centrifuged at 3,000 rpmfor 3
minutes. The pelleted coloniesweretransferredto a
micro centrifugeand 0.5 ml of TEN9 buffer and 30ul of
20% SDSwas added. The contentsin thetubeswere
mixed vigoroudy andto this400 ul of phenol and chlo-
roform wereadded. Again thetubeswere mixed vigor-
oudly and centrifuged at 15000rpmfor 15minat 4°C.
The agueous phasewas collected and 100 pl of 0.3M
sodium acetateand 0.8 ml of ethanol wereadded. The
tubeswereinverted gently and kept at -20°C overnight
for DNA separation from E. coli.'”. Amount of DNA
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present in each samplewas determined using UV-spec-
trophotometer.

Restriction digestion

To 1 pul of separated DNA, 0.5ml of double dis-
tilled water, 0.5ml of 10X assay buffer,1 ul of EcoR 1
restriction enzymewas added and transferred to ami-
cro centrifugetubeto preparethereaction for restric-
tion digestion. The contentsweremixed gently and in-
cubated at 37°C for 1-3 hrs. The enzymes were inacti-
vated by heating at 70°C-100°C for 10 minutes.

RFLPanalysis

The RFL Preection product wasloaded onto a1.0%
agarosegd containing 0.5ugml ™ ethidium bromideand
electrophoresed in TBE buffer at 50- 100 V for one
and haf hours. The DNA fragmentswerevisuaized by
placing thegd onaUV (300nm) transilluminator and
the gel recorded using “ Statisticatrial version 8 soft-
ware’.

RESULTSAND DISCUSSION

Molecular characterization techniques are now
widely used both for ecologica and epidemiological
analyses of awiderange of bacterial species®4. Stud-
iesof geneticdiversity by RFLParehighly reliable, re-
peatable and uniquefinger print of that particular or-
ganism. It helpsinidentification of genediverstyinor-
ganisms. Analysisof RFLPvariationin genomesisa
vitd tool in genomemappingand geneticanaysis. Since
itsintroduction over seventy yearsago, Wright’s meta-
phor of the adaptive landscape hasbecome one of the
most influentid conceptsinevol utionary biology, yet em-
pirical understanding of the structuresof actual land-
scapesremanseusve.

Inthisstudy, we monitored the evol ution of three
experimental populationsof E. coli under three habi-
tatssuch aswater, soil and sdivain order toinvestigate
theeffectsof environmenta complexity ontheir dynam-
ics. Wewereinterested, in particular, whether hetero-
geneousresource environmentswouldinfluencethere-
peatability of evolution by impacting theruggedness of
the adaptivelandscape. The present sudy concernswith
the characterization of E.coli strainsisolated from soil,
water and human sdivaby RFLPanayss. Therewere

fiveisolatesbel ongingto E.coli wereisolated and iden-
tified from each sample (15 isolates), of which three
isolates (onefrom each) wererandomly selected and
subjectedto RFLPanalysis.

The DNA content of each isolatesand the corre-
sponding OD vauesweregivenin TABLE 1. Thege-

TABLE 1: Genomicsizeof E.coli from different samples

Sample OD Value DNA content (ng/mg)
Sail 0.072 3.60
Water 0.069 3.45
Saliva 0.076 3.80
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Figurel: RFLP profileof E.coli strainsisolated from soil,
water and saliva.
Lanel: soil, Lane2: water Lane3: SalivaLaneM: M arker
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nomic sizeof E.coli ranged from 3.45to 3.80ug/mg.
Theresult of restriction analysisshowed that therewas
clear separate DNA banding patternsin different iso-
latesand thefragment migration wereranged from 10
to 300 bp (Figurel.).

Upon molecular characterization, bandsdigested
from E. coli gavefive bands of different morphol ogy.
Thefirst band of thelane 1, 2 and 3 were detected at
approximately 300 bp, ismonomorphicinnature. The
second band of lane 1 (~200bp) and thefourth band of
lane 3 (25bp) are unique to that sample and is not
matched with any other sample that indicates some
genesaremore specificthat help to withstand particu-
lar environment. Thethird band inlane 1 and the sec-
ond bandinlane 2 are detected at gpproximatdy 150bp
and thethird bandinlane2 and thesecond bandinlane
3 are detected at approximately 100bp matched to-
gether and they are polymorphicin nature. Thefourth
bandinlanel and 2 ismatched with the third band of
lane 3, and thefifth band (~10bp) indl thethreesamples
aremonomophicin naturethat indicatesthe presence
of common geneindl thethreesamples. Out of thefive
bands obtai ned three bands were monomorphicin all
thethree samplesand three bandswere polymorphicin
al thethreesamples. Thisshowsthat thereis40% poly-
morphism and 60% homol ogy among thethreesamples.

Wadk et a1 quantified thepopul ation genetic struc-
tureof E. coli fromalongitudind collection of environ-
mentd grainsisolated from ax freshwater beechesdong
Lake. Multilocusenzymed ectrophoresis(MLEE) and
multilocussequencetyping (MLST) revedled extensive
genetic diversity among 185 E. coli isolateswith an
averageof 40 alelesper locus. Repetitiveelement an-
chored PCR was used to evd uate the genetic profiles
of Escherichia coli isolated from surface water con-
taminated with urban stsormwater, sanitary sewage, and
gull fecesto determineif strainsfound in environmenta
samplesreflect the strain composition of E. coli ob-
tained from host sources. Overall, therewas|essdiver-
Sty inisolatescollected from river and beach sitesthan
with isolates obtained from human and nonhuman
sources?,

Inprinciple, replicatepopul etionscould divergefrom
one another not only by selection acting on different
beneficia mutationsbut a so by drift and hitchhiking.
Divergenceby drift could occur throughtheaccumula
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tion of mutationsthat are neutra inthe se ectiveenvi-
ronment, but which might have somefitnesseffectsin
other environments. Del eteriousmutationsmight hitch-
hiketo highfrequency if they becomelinked withaben-
eficid mutation2, which could occur sincethe bac-
teriainour experimentsare strictly asexud (i.e., they
lack any mechanismfor horizonta genetrandfer). How-
ever, the E. coli strain we used has avery low total
genomic mutationrate?, which should limit therates
of substitution by drift and hitchhiking. Indeed, high-
coverage whole-genome sequencing of another popu-
lationfounded from thesamestrainfoundthat only three
synonymous mutationsachieved detectablefrequencies
in 20,000 generations®). Moreover, the patternsof cor-
rel ated responsesin 12 popul ations, again founded from
the sameancestra strain, indicatethat pleiotropic ef-
fectsof beneficia mutationshave been moreimportant
than mutation accumulation by drift or hitchhikingin
explaining patternsof phenotypicevolution over 20,000
generationg® %233, Therefore, it appearsunlikely that
drift or hitchhiking have contributed much, if at al, to
theamong-popul ation divergencein our experiment, nor
isit evident why any such effectswould be stronger in
thefluctuating environment treetmentsthanin other treat-
mentsthat experienced the sameresourcesaoneorin
combination.

CONCLUSION

Depending upon theenvironmental conditionsthe
diversity inthegenetic material ineach strainasovar-
ies. Genetic diversity among E. coli isolated from soil,
water, and gut indicated high degree of variationamong
E.coli depending on habitat wherethey colonize. There-
forewe can concludethat each collectionasgenepools
of E.coli. Thisvariationin genetic diversity may bedue
tovariationin habitat, variation in dietary conditions,
genetic mutation and drifts, replication errors, induced
mutations dueto environmental stresses, variationin
genetic congtitutionsetc. Theresult fromtheabove ex-
periment reveal ed that, thereis 60% homology inthe
threestrainsisolated from three different habitatsthat
indicates the presence of common genes coding for
common protein functionsand 40% polymorphismin
genesmay bedueto thevariationsintheenvironmentd
conditions
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