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ABSTRACT

Vibrio cholera is a gram negative, motile, non spore forming, wapsulated, curved or comma
shaped rod with rounded or slightly pointed endmua 1.5-2.4x0.2-0.4um in siz€ibrio cholera
has been isolated from a variety of clinical andimmmental samples. The majority ®fbrio
cholera strains isolated from the environment are non{@&es, although 01 serovars have also
been observed in areas, where limited outbrealsholiera have occurred. During last fifty years,
cholera has disappeared from most developed ceantriit is remerging in many parts of the world
in epidemic form, especially in tropical areasislpossible becausébrio cholera strains are still
mutating. There are about 45 strains in the waaltt@rding to WHO, July 2012) but these strains
were not mutated within a year, now a day enviram@adefactors are so fluctuating thetbrio
cholera strains are mutating. Different biotic and abidtctors influence on mutation &fibrio
cholera. Poisonous atmosphere arising from swamps anddpotatters as a source of disease
influence the mutation ofibrio cholera. It is due to wet, poorly drained and raw wastdemal.

Effect of Paraquat and hydrogenAntibiotic resistance among pathogens influencestdo@l mutation. In this study when an

peroxide on ROS production
Stress responsive proteins

1. Introduction

environmental as well as genetic factor affectsnigoreous mutation ofibrio cholera that either
sensitive or resistance to antibiotics then codgingperty of DNA double helix in replication is
changed. Antibiotic resistance arises among batt@dpulation by endogenous or exogenous
mechanism induces spontaneous mutation. Organifias grow aerobically are exposed to
oxidative stress in the form of reactive oxygencsge (ROSSs) (e.g peroxide, superoxide) that are
the unavoidable by products of aerobic respirati®®Ss damages a variety of cellular
macromolecules and thus elicits adaptive oxidasivess responses in bacteria intended to permit
survival in the presence of this stressor. Thegmeseview briefly discusses about environmental
factors, oxidative stress and the effects of maomadif Vibrio cholerae.

comma shaped gram negative vibrio the “comma hegill
responsible for cholera which was subsequently Wa¥ibrio

Vibrio cholera, the etiologic agent of the disease cholera,rida cholera by Robert Koch visited in India and examined faoes
shaped motile bacterium with a single sheathedrgtagellum. cholera patient in Medical college, Kolkatta.

Vibrio cholera elaborateoles a toxin, cholera toxiesponsible

for most of the diarrhea associated with this diseadowever Vibrio cholera is divided into two biotypes, classical and E1,Tor
v.cholerae strains unable to produce the toxin still causeild mdistinguished on the basis of hemolytic activitgcteriophage
diarrhea in humans, indicating the cholera toximas the only susceptibility, and the level of resistance to thetibiotic
pathogenic factét]. Historically, seven pandemics of choler@olymyxin B{3]. Although strains of the classical biotype were
have been recorded, the worst being the recentcantinuing associated with previous cholera pandemics, in phesent
seventh pandemic that began in 1961, after a hiafu3 pandemic (1961 to present) classical strains haen beplaced
year$2]. The most important pathogens of man afierio by E1 Tor strains as the causative affignHowever, occasional
cholera. Cholerae is caused by this bacterium. This highpptbreaks caused by classidatholerae still occuf4]. Vibrio
contagious disease is caused when the bactevibnio cholera cholera, causative agent of epidemic cholera, has bedatésb
is ingested via contaminated water or food. Chelésaa serious from a variety of clinical and environmental sans{fes].
and ancient disease that has killed millions ofgteoDuring a Cholerae is not properly disappeared from most ldpeel
cholera epidemic in 1854 in Florance, Pacini fitescribed the countries, because different environmental biotiactdrs

influence the mutation dfibrio cholera strain.
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As a resultvibrio cholera strains are still mutating and cholera isiypochlorous acid (HOCI) causes a stress condigjenerally
remerging in many parts of the world in epidemianip termed oxidative stregk3]. Efficient killing of Vibrios by host
especially in tropical areas. The type Il secretf®@@S) system macrophages depends on a number of mechanismdimglu
plays an important role in the pathogenesisVaiholerae by production of reactive oxygen species (ROS) byphagosomal
secreting cholera toxjf], which is largely responsible for theNADPH oxidase. ROS like superoxide radicab (9 hydrogen
symptoms of the disedd®]. The T2S system is widespread anderoxide (HO,), and hydroxyl radical (HO) are toxic compounds
well conserved in gram negative bacteria inhabitingariety of produced by the incomplete reduction of oxygenmlyoxidative
ecological niches and likely contributes to envimamtal survival metabolisnil9]. Cells have acquired the relevant protective
as well as to virulerji@1-12]. In v.cholerae, secretion via the T2S mechanisms to maintain the lowest possible leveR@S inside
machinery is supported by a trans envelope compfel? Eps the cell. The protective mechanisms include both-ezymatic
proteins (EpsC to EpsN) and the type 4 prepilintijege PilD (ascorbic acid,p-carotene glutathione, and-tocopherol) and
(VcpD)[13,14,15]. Transport of exoproteins by the T2S systeenzymatic superoxide dismutase (SOD), catalase jCAamd
occurs via a two step process. The first step, vlgaeither Sec glutathione peroxidase (GPx) antioxidant systemsct&ia

or Tat dependent, requires recognition of the Miteal signal employ mainly enzyme mechanisms to eliminate thmatgng
peptide of the exoproteins and translocation thinotle inner effects of  oxidative stress, such as  superoxide

membrane to the extracellular mil[@é,17]. dismutasg20,21,22], NADH oxidas¢23], CAT[24], GPX25],
glutathione reductaf®s] thiol peroxidasg27] and alkyl
1.1 Influence of environmental factors on mutation hydroperoxidag@8].The question of the mechanisms by which

] o ) o certain vibrio species survive oxidative stress haen under
Environmental factors are divided into two typegrihsic factors jntense investigatida9].Oxidative stress in animals have been
and extrinsic factors. Extrinsic factors influertbe mutation of foung under different environmental conditions whéey are

Vibrio cholera. Extrinsic factors are those that refer to thq on different drink80-32].

environmental surrounding food. Environmental factor

ecofactor is any factor that influences the virakerngene of 1.5 |nfluence of oxidative stresson Vibrio cholera

Vibrio cholera, as a result the mutation &fibrio cholera is

changed for newly adaptation. These factors inctedgperature Aerobic and facultative anaerobic microorganisntefaonstant

and pH. risk from reactive oxygen species (ROS), includsuperoxide
radical (@), hydroxyl radical (OH and hydrogen peroxide
1.2 Influence of temperature on mutation of Vibrio cholerae (H,0,) that may be formed through the univalent reductid

] ) ] ] molecular oxygen (§. These radicals may cause oxidative
Spontaneous mutation ¥fbrio cholerae is greatly influenced by damage by oxidizing biomolecules and results ih deatf33].
temperature.Vibrio cholerae grows well on ordinary mediaTherefore elimination of ROS is definitively necass for
within a wide range of temperature "160 40C (optimum syrvival of cells. Superoxide dismutase (SOD) agt p& the
temperature is 3T). Temperature influences the rate Gfefense systems against oxidative damage in acoohanisms,
chemical reactions and protein structure integtitys affecting catalyzes superoxide anion{Dto O, and (HO,), which then is
rates of enzyme activity. At low temperature enzgnage not requced to KO by H,O, scavenging enzyme catalase (GESH].
denaturated, therefore every’COrise in temperature results iNUnder stress conditions, the balance between éwedanpact

rise of metabolic activity and growth of microorgems. znd the antioxidative defense system could be ristileading
However enzymes have a range of thermal stabilityl@eyond it g oxidative stress.

there denaturation take place and mutation of bactes
influenced. Thus the high temperature kills baetetdy Vibrio cholerae non 01 serotypes are autochthonous bacteria of
denaturating enzymes, by inhabiting transport eamolecules aquatic environments that are presently recognasegotential

or by change in membrane integrity. pathogenis5]. These species have been associated with cholera-
) o like diseases and other extra intestinal infectiomst only in
1.3 Influence of pH on mutation of Vibrio cholerae humans but also in higher aquatic organiSis

Vibrio cholerae grows well in strongly alkaline media (pH 8.2 tq/arious  Vibrio species isolated of natural aquakiabitats
9.5), which suppresses the_ growth of other intabktbacteria. possess a number of protecting mechanisms agaiisatioe
The range of pH for growth is 6.4 to 9.6 (optimuki 8.2). ToO stress or to different inducers of oxidative strdesm the
much acid or base disrupts cellular activities amftlence the enyironment. There are contradictory data aboutdhe of both
mutation ofVibrio cholerae. antioxidant enzymes SOD and CAT in the cell respafsVibrio
strains against strg€8] demonstrate that SOD expression in
V.shiloi is temperature regulated (i.e the enzyme is predtc
30°C, but not at 1%C).

1.4 Oxidative stress/| mportance of oxidative stress

Challenge of bacteria with reactive oxygen spe(R€S) such as
superoxide, hydrogen peroxide,(B4), hydroxyl radicals and
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1.6 Effect of temperature on the growth of Vibrio strains Iron is crucial for the structure and function oamy proteins.
Excess iron can be deleterious to the cells, bec#uspidly
At 10°C Vibrio cholerae 26/06 was the most sensitive to lowreacts with ROS, which are a natural consequencaeaibic
temperature. A similar behavior was describedMaulnificus  metabolism and generates highly toxic hydroxyl cali via the
which exhibited morphological changes at low terape€38].  Fenton reactio5-46]. Therefore tight control of iron
In contrast it was found thatcholerae could adapt and grow at metabolism, is an integral part of the antioxidatdfense
temperature down to 36 below which the growth was responspl7]. Fur provides protection against oxidative damage
completely arrestd@9]. by inducing the expression of several genes engoginteins
o that confer resistance to oxidative stfé8s19]. Microarray
1.7 Effect of temperature on the enzyme of antioxidant results revealed that theAMps mutant displayed significant
activities upregulations of genes coding for antioxidant prstesuch as
All strains of Vibrio cholerae are exposed both antioxidant gziastﬁ:ﬁtsaese(’K?;%)(;Sglh%/ﬁ;op;g\rlz?%?s%(()ghl?g )Higﬁfg)ﬁs %XI?FZS
enzymes under normophysiological and stress camditibut the mutants provides additional evidence that underditioms

cell response is more s_train depende_nt _than depenoke where the T2S machinery is inactivated, cells aféesng from
temperature.SOD activity iNW.cholerae 29 is increased by 7.5 internal oxidative stress

fold under stress conditions in comparison to taatoptimal
temperature. The strailV.cholerae 29T did not show any 2 g paraquat (PQ) and hydrogen peroxide (H, O, affect ROS
significant difference in the cell response depegdbn the production
growth temperature.

o ROS used as a marker of oxidative stress, changbe ilevel of
CAT activity in the cells oW.cholerae non 26/06 an&.cholerae O, and HO, in V.cholerae non 01 26/06 treated by different
29T exhlbltec_l no temperature_ dependence. _The Stedin  ~oncentrations of PQ and,®. Exposure to PQ resulted in
stress induces production of R@§ and irjgrfeasgs antioxidant manner. Superoxide anion redical level (UM per mg ger 1h)
enzyme synthedigl]. SOD and CAT activities in/.cholerae  jncreased steadily in PQ concentration range o3M. Even
26/06 andV.cholerae 29T did not increase at low temperaturejn |ow concentration (0.1-0.5mM), induced 1.2-1c8df higher
Moreover, the cold stress induces significant rédacof SOD generation of @ compared with the control that has been
activity in V.cholerae 26/06, paralleling the delayed growth. reported. It has been shown that in the presencanofl PQ,
bacterial cells accumulated 3.5 fold morg- @han the control
cells and at the same time PQ induced about 2ddificteases in
H,O, content (mM per mg d.w per 1h) compared with the

The Vibrio cholera type Il secretion system (T2S) is SONtrol

amultiprotein complex that plays an important rafe the
pathogenesis of Vibrio cholera by secreting cholepan[42].
This system is wide spread and well conserved amgnegative
bacteria likely contributes to environmental suadias well as to
virulencg12]. Inactivation of the T2S system, by removal o
either singleeps genes or the entirgps operon, results not only
in the loss of extracellular secretion but alsocéll envelope
perturbation, upregulation of the® mediated stress response,eyposure of V.cholerae cells to PQ and D, promoted
and a reduced growth rg#e-43]. To further investigate the yjgative stress. The unstressed bacterial cellsmed to
cellular response, to |na<_:t|vat|on of the T2S gystevye produce @ and HO, presumably due to single electron
performed a global transcriptome analysis afels, in which  (oquction of 2% of the oxygéhil]. ROS can be generated via a
the entireeps operon has been remoyeéd] and the parental ety of physiological and pathological conditiprincluding

WiId-_type strain,V.cholerae N1_6961, grown with aeration i_n LB PQ and HO, exposurés2-53]. Direct assay of ROS showed that
medium. The gene expression data were analyzepplyiag ) variants of PQ treatment bacterial cells for db clearly
SAM softwarg44]. Inactivation of the T2S machinery resulted.; ,se oxidative stress. which induced both @nd HO,

in changes in the expression of genes coding farymaembers generation. Presence of second stress agent eagtlfj

E .
of the ¢~ regulon, some of which are outer membrang,hihiteq Q- production and enhanced intracellular,Cy
constituents, and genes encoding proteins partis@ain  nient Excessive ROS level has been linked tad lip
chemotaxis/motility, biofilm formation, transport amino acids peroxidation of the cell membrane, resulting in assl of

and carbohydrates, central metabolic process, amésss omprane fluidity, structure and functjsa]. On the other hand
responses that involve heat shock proteins, chaperoand ihe jncreased ROS level could be a direct cons@gueh the
proteases. exogenous bD,, but could also result from the generation of
ROS by damaged cells and mitochondiZa.

1.8 Vibrio cholerae gene expression in response to
inactivation of the T2S system

Exposure to KO, indicate an opposite trend of @hanges with
PQ that has been reported .After 60 min in thegires of HO,

in the concentration range of 0.1-3.0mM, a 20 téeSfecrease
in O, production. On the other hand, it has been shdah 2-
fold increased kD, content in treated Vibrio cells compared
with the control.

1.9 Induction of oxidative stressin T2S mutants
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2.1 PQ and H,0, induce protein oxidation

Reaction of proteins with oxygen radicals leads tte
appearance of carbonyl groups in polypeptide chadhs
Measuring the content of these groups in intratzllproteins is
one of the accepted assays for oxidative damagmid¢nobial
cells. When Vibrio strain was exposed to enhanceatentration

It has been shown that expression of KatG and KedB only
significantly lower in the OxyR mutant than in witgipe and
PrxAluxCDABE was strongly induced by,8, and deletion of
OxyR abolished PrxA expressidit).

of PQ and HO,, the amount of carbonyl groups in cell proteins2.4 Stress responsive proteins

was changed in a dose-dependent manner.

The enhanced carbonylation damage to intracelpriateins is a
marker for accumulation of oxidatively modified [ems.
Environmental agents such as ionizing, near- UMatauh, or
numerous compounds that generate intracellular @&dox-

cyclining agents such as menadione and paraquat)caase )

oxidative stress, which accelerates oxidation oftgns in pro-
and eukaryotic cell82].

2.2 V.cholerae rescue aerobic growth defect of the OxyR
mutant

Many bacteria control oxidative stress throu@kyR, a LysR
type transcriptional regulator. OxyR is involvedtire oxidative
stress response d&f.cholerae. It has been reported th@ixyR
homolog mutants in several gram negative bacter@uding
E.coli, Xanthomonas campestris, Haemophilus influenza, and
Pseudomonas aeruginosa display aerobic growth defects in rich
medig52-53].

This is not surprising since ,B, is produced as an auto
oxidation product of aerobic rich br¢#2] andOxyR is critically
involved in oxidative stress resistance. It hasnbgleown that
addition of spent culture restor®xyR mutant growth in

Temperature stress in bacteria induces the geaoprafi a heat
shock response which involves the expression adtaokvery
conserved proteins called heat shock proteigR¢fb9]. HSPs
are commonly grouped into families based on thedtecular
weight: HSP10 (10KDa) or GroES-homologue protehSP60(
60KDa) or GroEL-homologue proteins, HSP4@QKDa) or
DnaJ-homologue proteins, HSP70 (70KDa) or DnaK-
homologue proteins, HSP90 or HPtG-homologue pretéin
90KDa) and clp ATP- dependent proteases (HSP100).

3. Conclusion

The role of environmental factors in the occurreateholera is
also being studied further to gain greater prenisio the
predictive model. Recently published analyses skowleat
temperatures e25<C and P of >7.0 enhancé/ibrio cholera
counts in the Chesapeake Bay. Earlier studies mgRdesh and
Peru identified temperature as a key factor assatiavith
increased counts &fibrio cholerae and cases of choldf®-61].
Factors affecting mutability of chromosomal genesferring
resistance to antibiotics have a potential role ragndifferent
Vibrio cholerae species. The nature of spontaneous mutation
rates which are affected by different environmemtadl genetic
factors.

P.aeruginosa[55]. It has been found that in the presence of cell

free culture of wild typeV.cholerae OxyR mutants grew
normally on both solid and liquid LB medium. Thisggests that
OxyR is critical for aerobic survival and that tiagxyR growth
defect can be rescued by addition of wild tygeholerae
culture.

2.3 Involvement of two catalases in rescuing OxyR aerobic
growth defect

The spontaneous mutation frequencies to antibi@gistance
amongVibrio cholera strains were showrn-vitro spontaneous
mutation frequencies oVibrio cholera strains to antibiotics can
be enhanced according to the composition of gromédium
and selective antibiotic concentration, suggestat tbnder
specific in vivo condition, where lower antibiottoncentrations
and high osmotic conditions might prevail, selettiof
chromosomal mutants coferring multiple resistangeorsgy
bacterial species. Sensitivity and spontaneous bilitya to

Catalases affect.cholerae growth. Two catalase genes areantibiotic resistance were altered according tactireposition of
annotated in th¥.cholerae genome, KatG (VC1560), and KatB growth medium under environmental factors. Mut@enotypes
(VC1585). Detecting either KatG or KatB, as wellbmth KatG increase mutation rates among bacterial populatdreifferent
and KatB together did not affect growth, a deletisas bacterial species both in nature and in laboratBpgontaneous
examined in prxA (VC2637), a gene that is diverbent mutations conferring multiple resistances to antibs can arise
transcribed from oxyR and whose product has beewsstio be at high frequencies under environmental conditiais low
regulated by KO,[58] KatG and KatB gene products must playselective antibiotic concentrations. Environmeffaators as well
some role in ROS resistaribg]. KatG-KatB double mutant was as genetic factors induced mispair formation in @A double
weaker than that of the KatG single mutant. BotitG{@nd helix. As a result coding property of DNA base paiuld be
KatB in V.cholerae play a role in detoxifying kD, and promote changed and effected spontaneous mutation amonterizhc
OxyR mutant growth and KatG is more potent thanBf&#]. population and therefore spontaneous mutation &ecy in
Catalase genes are regulated by oxidative stregslsiand DNA replication would be either increased or deseeh
OxyR[56]. Both KatG and KatB were induced by,®3, but Organisms that grow aerobically are routinely exubsto

interestingly OxyR was not required for the indantiof these oxidative stress in the form of reactive oxygencige (ROSS).
genes, at least under the growth condition t¢s6d
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[e.g peroxide, superoxide] that are the unavoidablproducts of [11].

aerobic respiration. Oxidative stress responses taw potential
to contribute to antimicrobial resistance in a &briof ways.

Vibrio cholerae is an opportunistic human pathogen that has tyi].

elistinct life styles: in aquatic environments,esftassociated with
plankton and other marine organisms, and propagatitnuman

small intesting$2]. In both environments, however, oxidativg13].

stress induced by reactive oxygen species (ROSst imel a
common stress condition to whitfibrio cholerae encounters. In
many microorganisms, sub lethal exposure to a sstiesg

starvation of marine vibrios) can confer resistatgea lethal [14].

exposure to the same stress (adaptive responséd other
stresses (cross-protection respofta)

As reviewed by Olivg64] high salt concentrations represent pi5].

significant stress to enteric. Osmotic stress hasmes
physiological features in common with starvatioeluding the
induction of some starvation proteins by osmotiockh in
E.coli[65].

[16].

In conclusion mutational effects are magnified unde
environmental stress. Some mutations with delaterieffects
across most environments appear to have beneéiatts in 1
other environmelfi66]. Thus oxidative stress responses as well as
environmental factors effect mutation\iibrio cholera.
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