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Abstract

Vibrio cholerae have evolved mechanism to become pathogenic to humans with a potential to cause the severe life-threatening
diarrhea disease, cholera. Cholera can emerge as explosive outbreaks in the human population. V. cholerae iliness is produced
primarily through the expression of a potent toxin within the human intestine. Several proteins are involved in the pathogenesis
and regulation of bacterial cell activity. The insilico prediction of protein subcellular localization was used to distinguish the
actual location in the cells. Total 52 V. cholerae proteins were analyzed with the help of PSLPred. The subcellular localization of
these proteins was five in the cells like cytoplasm, periplasm, inner membrane, outer membrane and extracellular space. They

have widespread applications in function of proteins in the host cell and in designing the drugs.

INTRODUCTION

Worldwide 1.3 billion cases of acute diarrhea occur in
children below 5 years annually of which more than 3
million die and 80 per cent of these deaths are in children
below 2 years of age (Sur and Bhattacharya 2003). Acute
diarrhea was caused by various numbers of bacterial, viral or
parasitic agents. The most important bacterial agents causing
outbreaks of acute diarrhoea are V. cholerae O1 and O139.
Diarrheal disease outbreaks were causes of major public
health emergencies in India. West Bengal located in the
Gangetic delta has been hailed as the “homeland of cholera”,
with frequent localized outbreaks being reported (Fule et al
1990). Vibrio cholerae O1 and V. cholerae O139 are
etiological agents of epidemic cholera. However, V. cholerae
Ol strains that do not produce cholera toxin, i.e., that are
nontoxigenic (NT), and non-O1/non-O139 strains have also
been associated with cholera, gastroenteritis, septicemia or
other intestinal infections (Morris et al 1984; Mukhopadhyay
et al 1995). Outbreaks of cholera were reported in Brazil
during the third (1853 to 1854), fourth (1866 to 1868), and
fifth (1893 to 1895) pandemics (Barua, 1992).

The computational prediction of the subcellular localization
of bacterial proteins is an important step in genome
annotation and in the search for novel vaccine or drug

targets. V. cholerae have five major subcellular localization
sites like cytoplasm, periplasm, inner membrane, outer
membrane and extracellular space. The subcellular location
of a protein can provide valuable information about its
function. With the rapid increase of sequenced genomic data,
the need for an automated and accurate tool to predict
subcellular localization becomes increasingly important.
Because of its simplicity, this approach can be easily
extended to other organisms and should be a useful tool for
the high-throughput and large-scale analysis of proteomic
and genomic data. Generally, existing methods of
subcellular localization developed for eukaryotic proteins
like TSSub, LOCSVMPSI, ESLpred, Euk-Ploc (Guo and
Lin 2006; Xie et al 2005; Bhasin and Raghava 2004; Shen et
al 2007). Since, a range of bioinformatics tools were
available for prediction of subcellular localization of
prokaryotic proteins viz. PSORTb, PSLpred (Gardy et al
2005; Bhasin et al 2005).

Computational SCL investigation of the growing number of
complete bacterial genomes or individual proteins allow
researchers to screen for vaccine/drug candidates,
automatically annotate gene products or select proteins for
further study. The pathogenicity of V. cholerae O1 and O139
strains depends on a combination of properties, including
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enterotoxin (cholera toxin [CT], ctxA) and the ability to
adhere to, and colonize, the small intestine (colonization
factor, tcpA) (Herrington et al 1988). The major virulence-
associated factors are present in clusters with at least three
regions in the V. cholerae chromosome. Several factors have
been associated with entero pathogenicity which, includes a
El Tor-like hemolysin (hlyA) (Yamamoto et al 1984), heat-
stable enterotoxin (stn/sto) (Arita et al 1986),
hemagglutinins (Datta-Roy et al 1986), outer membrane
protein (ompU) (Sperandio et al 1996), Shiga-like toxin (stx)
(Kaper et al 1994), a ToxR regulatory protein (Miller et al
1987), and a zonula occludens toxin (zot) (Fasano et al
1991). The application of this study was to predict the sub
cellular localization of putative proteins of V. cholerae O1
strain as specific subcellular localization of bacterial proteins
was useful in designing the therapeutics against bacterial
proteins that can not affect the host cellular activity.
Subcellular localization of proteins is crucial for the
pathogenesis and survival of bacteria as they might be useful
for targeting drugs.

MATERIALS AND METHODS
COLLECTION OF SEQUENCES

The complete nucleotide and protein sequences were
extracted from biological database National Centre for
Biotechnology Information (NCBI) cited at
http://www.ncbi.nlm.nih.gov

ANALYSIS OF PHYSICO CHEMICAL
PROPERTIES

The physico-chemical properties of proteins were analyzed
viz. total number of amino acids, molecular weight and
isoeletric point with Generunner, DNAstar and ExPaSy
tools.

PREDICTION OF SUB CELLULAR
LOCALIZATION OF PROTEINS

Total 1302 bacterial proteins have been used to develop the
PSLpred tool. The five localization and numbers of proteins
(248 cytoplasmic, 268 inner membrane, 244 periplasmic,
352 outer membrane and 190 extracellular) have been
included. Machine-learning technique, SVM, has been used
for the prediction of subcellular localizations of prokaryotic
proteins. The prediction of subcellular localizations is a
multi-class classification problem. The performance of the
SVM modules developed in the present study was evaluated
through 5-fold cross-validation technique. In this technique,
the relevant dataset is partitioned randomly into five equal
sized sets. The training and testing was carried out five
times, using one distinct set for each testing and the
remaining (four sets) for the training. In order to assess the
predictive performance, accuracy and Matthew's correlation
coefficient (MCC) (Matthews, 1975) have been calculated
(Bhasin et al 2005).

RESULTS AND DISCUSSION

In this study we had selected fifty two putative protein of V.
cholerae O1 and their physico chemical nature was analyzed
theoretically. The molecular weight and isoelectric point of
all these proteins was deduced (Table 1).
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Figure 1
51| Protein Designamion Arcesgion Sequence | Moleoonlaw | pl Subselnlar
Table 1: Physico-chemical properties and subcellular fo s i*r‘;!m weight (D) 1';";‘:;:”“
localization of putative proteomes of Ol strain. I | Tone mesbraneprden | AAFOIIELT | 503 B06771 | 646 | lnner membrane
2 ABC transporter, ATP- AAFDIIEGL | 331 17306.8 §.14 | Inner membrans
tunding prodan
3 ABC transproter, permesse | AAFUIIET L | 308 M056 8 025 | Inner membrane
profein
4 ABC transporter, AAFDIIER L | 341 17306.2 512 | Periplasmic
periplasmic aming acid-
binding portian
5 Finc binding Abcohal AAFDIIML | ME 345081 6.36 | Cytoplasimar
dehydrogenase
[ Hemolyzm, putative AAFOIIIEL | 215 13666.3 9.18 [ Inner membrane
T Nhultidrug resstance AAFPIATL | 214 430087 969 | Inner membrane
protein
-} Universal stress prolem A | AAFDIZ5. | | 437 15708.5 469 | Cytoplasmac
9 alkaline serine protese AAFDIIILL | 607 S6867.7 6.24 | Extracelular
10 | Multidrug resistance AAFDI3ADL | 1087 HIT1L6 528 | Inner membrane
profein, pulative
11 Peplade ABC transporter, | AAFPIZA6.1 | 636 635264 7.09 | Inner membrane
ATP-hindmg proten
12 | Pepisde ABC transparter, | AAFPIZT.] | 642 606219 5.81 | Periplasmic
permplasmmic peplade-
Tisudineg protern”
13 | Pepisde ABC transparter, | AAFPI34D.| | 1038 M85 6.40 | Periplasmic
PETEASE prolEn
14 Trarsposase, putative AAFDIIELL | 472 476474 0.20 | Cytoplasmic
15 | Hemolysmn secretion ATP- | AAFRIETS0 | 611 6ETET. 6.96 | [nner membrane
‘himiding protein putatne
16 | Lipopolysacchards AAFIMML | 481 468432 291 | Cytoplazerar
heogynihiesis protein BV
17 | Ironcontamng alcohal AAFYIH26 536 412340 565 | Cytoplasrmac
dehypdrogenase family
protein R
18 | Bacieriofermin-asscemted | AAFOISE2 | [ 113 4830 8 889 | Cytoplasrrac
fervedoxin
11 Sulfite reductase (MADPH) | AAFPISET 1 | 665 77100 521 | Cytoplasrmac
flawoproten
20 Malate debydrogenase AAFPIG05.1 | 432 369618 7.19 | Cytoplasmac
21 Membrane- baund lytsc AAFDIAZI L | 432 45576.1 043 | Peniplasmic
marein transglycosylase C
F¥] [rorrregulated outer AAFDIA4E 1 | T3 6772 488 | Cuter
membrane vinlence membrane
protein, TonB receptor
Farrdy
23 | Protesse, insubnase AAFDITIZL | 1003 106367.7 5.79 | Periplasmic
famdyprotease, insulmase
Eapndy”
24 | Hemolysm, putaire AAFDITI6 | | 492 474119 6.57 | Cytoplasmic
FH protease DO* AAFOITH.L | 515 48372.2 5.74 | Periplasmic
26 | Hemolysm, putative AAFDPITAG 1 | 235 20580.2 918 | Periplasuc
Fil Lipoprotein AAFDIT401 | T4 74508 523 | Inner membrane
38 | Carbonic anhydase, AAFOIT53 ] | 195 B2 608 | Cytoplasrac
putative
29 | Sugar fermentatron AAFDRITOA L | 337 182887 831 | Cytoplasrmoc
slsrnlation proten
30 Nhdtidrug resistance AAFDITRSL | 114 117904 6 477 | Inner membrans
profen, pulabive protem
3l Cuter membrane proten AANFDITOD L | 41D 76638 4.3 | Culer
OwrplJd membrans
31 | Fervedoxn AAFDISELL | 143 02505 441 | Cytoplasmac
33 Proleme, putiive AAFDIZEL L | 531 54833 5 83 | Cytoplaseroc
34 | Protein-export membrane | AAFPIS00 | | 366 343332 4.99 | Inner membrans
profen Secf
35 | Toxin co-regulated pdus AAFDIOOLL | 513 471142 5.25 | Cytoplasmic
hiosynthesis proten B
36 | Tomin coregulaled pius | AAFGI903 | | 134 172441 443 | Cytoplasmac
‘hiosynthesis protein O
31 | Outer meembrane proten | AAFR4TE L | 327 1143 523 | Outer
CerpV membrane
38 | Multidrug traneponer, AAFMSAD ] | 543 01417 8T8 | lnner membrans
putative
30 | Multidrog resstance AAFPG66.1 | 563 N335 489 | Ouler
protein, putative meibrane
40 Nhultidrug resistance AAFMSET. L | 454 436026 6.22 | Cytoplasmar
profen Vees
41 Nhdtidrug resistance AAFDASHE 1 | 5EE 558058 823 | Inner membrane
profen Veed
41 | Trarsposase OrfAB, AAFRAE3LL | 136 134140 9.87 | Cytoplasmic
subunst A
43 Trareposase OrfAR, AAFDAATI L | 35E 135581 10.0 | Inner soenbezme
subuns B 7
44 Multidrug resislance AAFMA0 | | 545 49850 8 018 | Inmer membrane
protein Morl, putative
4% | Outer membrane proten | AAFMTIO] | 496 467415 5.00 | Cuter
TolC, putative membrane
46 Nhultidrug transporer, AAFMTSL L | 552 HE0v A B89 | Inner membrane
pulatve
47 | Outer membrane protem, | AAFPATTS ] | 286 134689 471 | Ouler
putilive Eriembrn e
48 Nhdtidrag resistance AAFMTES | | 475 42920.1 DAl | Inner membrane
profen
40 Mhuktidrug resiglance AAFMETS L | 424 7434 6.20 | Cytoplasmac
jprofein, putative
50 | Pepledaze, putative AAFOS13L L | 682 700224 5.51 | Cytoplasrric
3l Outer membrane AAFDPSI261 | 283 MEELD 6.19 | Cytoplasmoc
ligeprotein LodB
51 Chalera tooan secretion AAFPSEGAL | 21T 187849 055 | Cytoplasmac
protein Epshi
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It indicates protein stability in a particular isoelectric point
(pI). An online PSLpred server was used to predict protein
subcellular localization within bacteria or targeting the host.
We investigate putative proteome of V. cholerae and their
specific subcellular location (Tablel). V. cholerae elaborates
zonula occludens toxin (Zot), a protein that increases the
permeability of small intestinal mucosa by opening
intercellular tight junctions. The zot gene is located, together
with the genes encoding CT and Ace enterotoxins, within the
genome of V. cholerae filamentous phage CTX small ef,
Cyrillic. Zot localizes in the V. cholerae cell envelope with
M(r); 45 kDa which is consistent with the predicted primary
translation product from the first methionine of zot (44.8
kDa). A second molecule, corresponding to the 33 kDa N-
terminal region of Zot, was also detected. Both molecules
are exposed at the bacterial cell surface (Uzzau et al 1999).
The cellular location of the haemolysin of Vibrio cholerae El
Tor strain 017 has been analyzed. This protein is found both
in the periplasmic space and the extracellular medium in V.
cholerae (Mercurio et al 1985).

V. cholerae O1 biotype El Tor produces and secretes a 65-
kDa cytolysin/hemolysin into the culture medium. We
cloned the structural gene (hlyA) for the cytolysin from the
total DNA of a V. cholerae O1 El Tor strain, N86. Sequence
analysis of hlyA protein of 741 amino acids with a molecular
weight of 81,961 was done. Consistent with this, a 79-kDa
protein was identified as the product of hlyA by maxicell
analysis in Escherichia coli. N-terminal amino acids of this
79-kDa HlyA protein and those of a 65-kDa El Tor cytolysin
purified from V. cholerae were Asn-26 and Asn-158,
respectively. The 82- and 79-kDa precursors of the 65-kDa
mature cytolysin were found in V. cholerae by pulse-chase
labeling and Western blot (immunoblot) analysis of hlyA
products. V. cholerae, the 82-kDa preprotoxin synthesized in
the cytoplasm is secreted through the membranes into the
culture medium (Yamamoto et al 1990).

In previous studies thirty-nine putative proteins of
Mycobacterium tuberculosis H37Rv strain were predicted
for four locations viz cytoplasmic, integral membrane,
secretory and protein attached to membrane by Lipid anchor
in the subcellular localization (Somvanshi et al 2008).Also
prediction of motif in Dengue virus serotypes polyprotein
was done and several significant motifs which involves in
regulation, activity and stability of virus were observed for
targeting or designing the antiviral inhibitors against these
motifs of Dengue virus (Somvanshi and Seth 2008).

In conclusion, we include the specified prediction of
subcellular localization results in the most putative proteins
of strain of V. cholerae O1. This initiative may help in
annotating newly sequenced or hypothetical proteins. Thus,
the search for a potential vaccine/ drug target for an
important bacterial pathogen by in vitro researchers will
greatly be appended by this prediction.
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