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TS~ — I — D4 ERE Uiz, SREKRITA v FENL 2 LT RO E RGYENZEAT L 0 2k &
VT~ V. cholerae D77/ I DNA % HV 7=, El Tor variant % Vibrio cholerae O1 TRH I N7 15 » T —
HEL R OEFIE Haitian variant B V. cholerae O1 & B TH o 7203, MEDOIWRITHR L X8R5 2 L »
b, Fo xRV THREDOTITH L BEDOTATHRO KRB FIRETH > 7o,

Genetic variation and pathogenicity of Vibrio cholerae O1

Masatomo Morita, Hidemasa [zumiya, Makoto Ohnishi

Department of Bacteriology I, National Institute of Infectious Diseases

We validated the availability of single nucleotide polymorphisms (SNPs) on Vibrio cholerae to distinguish

between past pandemic strains and current pandemic strains. The tested V. cholerae strains were from National

Institute of Cholera and Enteric Diseases, India. The sequence of SNPs on El Tor variant and Haitian variant

were identical, however different from the past pandemic strains. Therefore, use of these SNPs would allow the

differentiation of V. cholerae pandemic strains.
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T PATHR OB TR S LD, Bi¥l = L Z 1Tk
DHEBIE A BITEDTATHR Z IREICRIE T& 5
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FECIX, WMEOWITIE (classical B V. cholerae O1
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HNZT B 728, classical & V. cholerae O1, El Tor
B V. cholerae O1 K O El Tor variant 2 V. cholerae
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Morita, M., Yamamoto, S., Hiyoshi, H., Kodama,
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gene transfer of a genetic island encoding a type 111
secretion system distributed in Vibrio cholerae.

Microbiology and Immunology, 57: 334-339.
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Table. Positional details of SNPs and sequence of each strain.

SNPs Gene ElTor Classical Elt-var. Hai-var.
1 phosphoribosylamine--glycine ligase g g A A
2 arginine/ornithine antiporter g g A A
3 DNA mismatch repair protein t t C C
4 nitroreductase A c c T T
5 preprotein translocase subunit YajC g g T T
6 outer membrane protein OmpV a a T T
7 tetraacyldisaccharide 4'-kinase c c A A
8 ribonuclease E t t C C
9 ferrous iron transport protein B c c T T
10 flagellar capping protein t t C C
11 2'3"-cyclic nucleotide 2'-phosphodiesterase € c T T
12 cholera toxin secretion protein EpsM g g A A
13 dihydropteridine reductase g g A A
14 Chitodextrinase g g A A
15 methyl-accepting chemotaxis protein g g A A
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DIZEDEEERLE. "X IEEE
MRENTOHD,

?ﬁ BEFREEREDS SR —iE

RFBIFEITV. TNETNDELGF
BICHEITHEGREFEEZISRSY
— &t L7z, fKRBI(NK locus BT
DA-H locus)ZI3 &3 M. FFEEE
EBIEEEETHBOI SR —ZH
BT 2EHPBFEETDHEDNREN
7=(’ 5),

[ “D” group J

“AS+LA” group

5 NK2(_L£)R T DA-H (F)locus @
BN

D. ZERUEM

AHAEICKY, 4> RICEBITB5H
7 A —NOBEREOBEEGHZSHERIED
VHTHELMIIENE, 4 RIZEIT
BHRET A —/NDBFGEHZHMELE
55 EAD MSM(B4EEEE)T
TRUERBT A—NERICBWTRL
EBERIC, BOTE\EGHZEYE
ZRLULTWE, BIC, AREFICEKY.,
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NETERAEDZ <K DELEFEN
RREENE, COZEEFETOTICE
WTHBERAZERAME - ZIRIEDSEZ -
=rlEEEERL TS,
AREICEBIFEZ2ZODHOEELR
BlI. TN ZTNOEGTFEDETEDIE
EFRNRELEBLTNS %
RLEZETHS, UL LAERDS, B
BLDEBORONEZEGFEED
DRGEMS VW=, HEBILEER
K ESREICRFTHIVLENDH S,
LIE, REREFEEIZA Y RhonBEs
NEFRET A—NEODFEZOE
BIEREMENTAENTEE, 2
nNo5DOREIZ. NICED &EDHERBEIME %
BICHLEDSHD, HDEXRTIRL
BELELEEZ S,

E. ERERER
R

F. ARR=E

1. ERMHEE

(i) Das, K., Mukherjee, A. K,
Chowdhury, P., Sehgal, R,

Bhattacharya, M. K.,
Hashimoto, T., Nozaki, T. , and
Ganguly, S. Multilocus

sequence  typing  system
(MLST) reveals a significant
association of Entamoeba
histolytica genetic patterns
with disease outcome.
Parasitol Int, 63, 308-314,
2014,

2. BERK

ZU

G. MEFHEDHE - BERR
1. HES

BT,
2. RRFRER

BT
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JRAE S BR FR SREAB & CRT R A

YT NE Y EREL - BEERIYENTIEE )

SyaptRmEE

T A XOWATE VA N AERIZET HH%

mreoEE  RE B

mEwhE Bl R

WMREE

E SRR GYET R = A AW gEt v 4 — R
SEWFIERT = A ZAWF9E & & — FENEE

HIV BYUEII A = REED—2>TH Y | TORRITERNWEERECH 5, MIREEET

U oREk (CTL) Bt HIV R
HIV OBRITEGRRRIC R & < B
OB FEHERE, HIV
SR gk o0 §iE4T HIV £k HLA B3

WL et
CBEL D D, 2D CTL R R % B3 2 HLA B
JEXRICBWTEETH D, & HLA 7 UVEEIIAFER TR 5720

EERFENRVETH D, T TARME TR, 77 O HIV

FxHoTkY, CTL RBEREETD
HIV 255

RULFHATHIL D — > TH B A o FEDOESL = L T BE BRYENEHT (NICED) & o JtRIargE <
A4 > RE HIV E4E O HLA SR 7R EIEZ ST U, T2 805 U=, YAk 25 R
ECTOMAT TR LB EEDO S HLAA TLA05b, N FATHHEED/

HLA-A*11:01 (Z¥EH L, Z @ HLA OB

A WFEEEI

PR Z REYIE D —2>Th 5 HIV BYIEIL, FE
FoIEIZ K D U A NV AE RN A3 R #E TR MR g
ERL, oA AREICELIBIELIETH DH, FD
TR EBRAEERE TH Y, HIVZROEFRIL
O IT, HIV LRI M 72 B A 8 0
THEERLBEHRLE 25,

R HIV 77 SRR F OfFATIFZEI 3 T
1980 ER A B, I env MO MR IC S & K78
BT E A TREE S, HIV O&Hhlsh~ ORI 72
BRI DWW T ORI ALDE BT & 72, 1990 FRE%

OHT HIV EIGEE A LIEIL, 12 pol SEIR D ARATIZ
EOSEHMEEZERORELED LN TE L, &6
(2 HLA B BRI B3 2 1F MINEE D B A

SN TETWD, HIV BRYREEICE S B2 DK
EVWEERTFELTCALNTWD E N AMERGLE

7 Rfpetli 2 HIV gag MA AR FRUISIZ ALH L7,

HLA (7 2 X1 OtfsFH L BEE 2 HIV S/ A
EBETHY  HIV EYE O HLA B3 & HIV Y
J DEBEOEEOMYERICESERET HHDT
b5, MEEEET U 5k (CTL) OEMHR
v —7O#RRICEAET 5 HLA 5 FOEEFHO
EWE CTL R DB WICEET 5 0T, HLA BE
BEDZ T CTL RMERALKMT 26D L LT
FEMTAFIESED BTV 5

AL O HLABE HIVEZRICERTHH 0
T b, CTL nid HIV EEINHNI L 72 e
ZHoTEY, CTL kLR EHF T 5 HIV O=ER
ITEYRIBIZRE S EBEL S 2, Z@ CTL #Kikk
B2 HLA B HIV ZREOBhMiEEIL.
HIV BYEXIRICB W TEETH D, & HLA T L
NOBEIIABETRECE R > TV D, it
USRI 331 B AT HIV £k o> HLA BHi#EZ8 5 % [ 2
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TOHZENMLETHY, AHFZETIE, TUTITBIT
% HIV BYRATHIE D —2>THh D1 » FEDE:L
LT BERYEN R (NICED) @ Sekhar
Chakrabarti {1+ & OLRFET, 1 > FE HIV &
BeEIZRIT 5 HLA BinFRREZED L L L L
7zo NICED &V +5728oka55 2 LS K
Tholcleh, Fk 26 FEIZ. TRETOA R
HIV G E Off TR L2 LBREE O & W
HLA-A 7V AD 5 b, NE T ATHHEDOFHN
HLA-A*11:01 2B L, Z® HLA OREEEDH
TE R RSB T,

B. WFEHIE

AN AOHIVIEGE BHRORMEM Y Bk KD
SN 7=DNAZ W, HIVZ 2 7 A VX Dgag
MAESE O BB FIENT 247V, HLA-A*11:0157%
FLRMFE BT DMITRRE b LTI EIFIE
Z AW THLA-A*11:01BE R &R E 2 A T,

(f B~ OEE)

b TRV DI OWTIE, B MY
b BIRTIRRATITFEICBE S 5 mEdEEHIE V., B
BRYEMMRFTOMBERSORRBO S LHEE LT,
Flo. AV RBLO N A DLFRFICEFT B HES
DHBEEROEBE L/ TN D,

C. WoufR

A v RO HIV BEREIZETLINETCORLD
fBFT TI1X, HLA-A 7LD 5 b, A¥11:01/02,
A*33:03, A*68:01, A*01:01, A*24:02. A*31:01
N 10%E B2 AEETREIN TS, 2095,
A4 RICET 2% (Immunogenetics 53:1009,
2002) B LU M FAICET 55« OLIRT DT T
1T 5% EOBHETRE SN DX, A*11:01,
A*33:03, A*24:02 Thotz (1), Z0H b,
FPTAILOLICEREZ LIEY . A*1101 BBEE L e
P2 BT B HIV gag MA fEIR O EFFIIZ >\ T

HEHFRIATIC S &, Gag D 83 FZBHDT I/
B AT HE RS HLA-A*11:01 BE HIV gag
EEREMHE UTHRE L,

D. &%

A TIE, AV FBIOR N T ARG THIE
THEOEWHLAAT LV E RE L, &6
ZD 5 HO—> HLA-A*11:01 [Z2WCRE S/ A
EEERME, HIV gag MA ERICRIE LTZ, 2D X
IZHLABEHIV 7/ AERFEY AT b Z R
T&ERZ&inb, 5%, &% HLA 7 LVIZHET 5
HIV 7 LERERENET L LR AREE 8o

720

HLA BBELEREOFRIL. CTLIZL2MEA LY
MY WBRYRBBICRE N0 & | RN L D1RE
DRI EL RIS AL EIRIND, Lizsto
T, AWFEO L5727 7 HIV FITHIRICEBT 5
HLA B#EZBFERONET, BARZETT V7 Hilk
O HIV BIHEDHEICERT 2D TH 2,

AV RR IO R F LD T EERRIEE O E D
HLA-A 7 VIV EBEHAHL 205 5Hb0—2Th D
HLA-A*11:01 B2 £54H % HIV gag MA fEIRIC

R U7,
F. ®WrERE
RIS

(1) Nakane T, Nomura T, Shi S, Nakamura M,
Naruse TK, Kimura A, Matano T, Yamamoto
H. Limited impact of passive
non-neutralizing antibody immunization in
acute SIV infection on viremia control in
rhesus macaques. PLoS ONE 8:73453, 2013.
(2) Iwamoto N, Takahashi N, Seki S, Nomura T,

Yamamoto H, Inoue M, Shu T, Naruse TK,
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ey

Kimura A, Matano T. Control of SIV
replication by vaccine-induced Gag- and
Vif-specific CD8* T cells. J Virol 88:425-433,
2013.

(2) BHHRS. REFEH. SIV BEAHIHIEC BT 2
HIEIHERS ~ D Vif 36 & O Nef fr R ARG EME
T U BRSO EEICE 24858, 8 61 1

HAR D A VA EEEES P, 11/12/2013.

FRFER G. ZFIHYRAPEHED HFE - BRI
Matano T. Vif can be a promising CD8 T cell L,
target for HIV/SIV control. The 14th
Kumamoto AIDS Seminar, Kumamoto,
Japan, 10/29/2013.
#£1. AV FBLUORMNFAICET D HLA T VVEEE
NICED kv #Efftsih 7 . .
SR HIVE%’&%”@{Z& 1 FA SRTLHA
- - HLA- L VB a - VOVEEEE
HLAA 7 L /LS A-A T L VERRE HLA-A 7 VI VHERE
HLA-A il 3 HLA-A L3 HLA-A $REE
A¥11:01/02 25 % A*24:02 15-20 % A*11:01/02 25-30 %
A*33:03 18 % A*11:01 10-15 % A*33:03 10-15 %
A*68:01 14 % A*01:01 10-15 % A*24:02/20 10-15 %
A*01:01 11% A*33:03 5-10 % A*02:01/07/18 5-10 %
A*24:02 11 % A*02:11 5-10 % A:02:03 5-10 %
A*31:01 11% A*03:01 5-10 % A*29:01 5-10 %
A*32:01 5-10 %

a Immunogenetics. 53:1009-1019, 2002.
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«Laboratory—based collaboration net
work of infectious diseases 1n Asia”

Funding Organization: National Institute of Infectious Diseases, Tokyo,
Japan

Indian Investigators :
Principal Investigators: Dr. S. Chakrabarti, Director in Charge, National
Institute of Cholera and Enteric Diseases, Kolkata

Co-Investigators: Dr. Sekhar Chakrabarti, Scientist G
Dr. Banwarilal Sarkar, Scientist E
Dr. Asish K. Mukhopadhyay, Scientist D
Dr. Sandipan Ganguly, Scientist C
Dr. Hemanta Koley, Scientist C

Foreign Investigators :

Principal Investigators: Dr. Haruo Watanabe, Director General, National
Institute of Infectious Diseases, Japan & Ichiro Kurane, Deputy Director-
General, National Institute of Infectious Diseases, Japan.
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1. Title of the Research Project :

“Laboratory —based collaboration net work of infectious diseases in Asia”

2. Objectives

The proposal has been developed with a broader objective to understand the evolution
of pathogenesis of enteric pathogens and HIV that include phenotypic and genotypic
characteristics of identified pathogens from diarrheal specimens as well as identification of
novel factors for pathogenesis, to develop potential vaccine and to study mutations in HIV
during infection which has an association with different genotypes and might be used as
biomarkers; the study objectives will be covered though extensive work under the following
areas and each of these areas will be covered by the Co-PlIs of the project
i) Retrospective analysis on the evolutionary aspects of Vibrio cholerae
ii) Differential pathogenesis of Giardia : Role of Giardia Virus
iii)  Development of universal Shigella vaccine based on virulence gene expression.

iv) Analysis of HLA associated HIV-1 mutations in India and Japan.

3. Summary of the research for fiscal year 2013-14

1. Retrospective analysis on the evolutionary aspects of Vibrio cholera

Third Year Report

1. Study Title:

Retrospective analysis on the evolutionary aspects of Vibrio cholerae

2. Study facility:
National Institute of Cholera and Enteric Diseases
Division of Bacteriology
Kolkata, India
National Institute of Infectious Diseases
Tokyo, Japan

3. PI from Indian Side for this report: Asish K. Mukhopadhyay

Summary:

In recent years, cholera has become endemic in an increasing number of geographical

areas. Our previous study on Vibrio cholerae strains isolated from Kolkata over 17 years

— 286 —



from 1989 to 2005 depicted that in Kolkata, V. cholerae O1 strains with classical allele of
ctxB have totally replaced seventh pandemic El Tor strains possessing El Tor allele of ctxB
since 1995. Reports from other various groups revealed that the prototype El Tor strains of
Vibrio cholerae O1 from the seventh pandemic have been replaced by variants of V. cholerae
O1 El Tor which produces cholera toxin (CT) of classical type in many parts of the world.
Shift of CT genotype 3 to genotype 1 in V. cholerae O1 strains and detection of diversity in
the CTX phage repressor, rstR provided an impetus to analyze CT genotypes along with the
CTX prophages in V. cholerae strains isolated from Zanzibar to understand whether
emerging El Tor variant has disseminated in this isolated region. Detailed molecular analysis
of representative strains showed that they are of El Tor biotype that produces classical CT
and harboured single CTX prophage. In vitro CT production assay with representative strains
showed that significant number of the variant strains produce higher amount of toxin in the
highly sensitive beads-ELISA, which is almost equivalent to that of classical strains. To our
knowledge, no such report has been made from this small island of Africa focusing the
molecular epidemiology of cholera, although recurrent outbreaks have been documented
since 1978. An active holistic surveillance system should be in place for tracking the mode of
dissemination of the V. cholerae O1 El Tor variant strains in naive population using
molecular assays, as these strains possess all the potentialities for new pandemic.

The toxin-coregulated-pilus (TCP) is a crucial determinant of the pathogenicity of
Vibrio cholerae. TCP is essential for intestinal colonization and serves as a receptor for
CTX®. Whole genome sequence analysis of V. cholerae strain isolated from the Haitian
cholera outbreak revealed a unique mutation at the 89™ amino acid position of the TcpA
subunit. In this retrospective analysis, we investigated the emergence and dissemination of
this Haitian TCP variant in Kolkata, India. Based on the sequencing analysis of 7cp4, a new
PCR technique was developed for the rapid identification of V. cholerae strains carrying
Haitian, classical and El Tor alleles of 7cpA. This assay was subjected to screen 251 V.
cholerae O1 strains isolated during 2001-2012 in Kolkata for understanding the genesis and
spread of the Haitian 7cpA along with the bioinformatics analysis. Our results showed that
Haitian 7cpA first appeared in Kolkata during October, 2003, and interestingly soon after its
appearance; this new variant fcp4 displaced the canonical El Tor fcpA completely in the
following years. Our bioinformatics analysis showed that among the three different mutations
present in 89thposition, only Asparagine to Serine is positively selected. Moreover, this
particular mutation is the result of a purine-purine transition, which is conserved natural

selection. This finding indicated that Haitian fcp4 might have originated in Kolkata and then
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