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Molecular Biological Characteristics of Vibrio cholerae O1 Isolated from Diarrheal patients in the
Gyeongbuk province. Lee, Sang-Jo, Bok-Kwon Lee!, Kon-Joo Lee, and Hee-Moo Lee?. Gyeong Sang
Buk-Do, Institute of Health and Environment, 1449-1, Sankyuk-Dong, Buk-Cu, Daegu 702-702, Korea,
"Department of Microbiology, National Institute of Health, Seoul, Korea, *Department of Biological Science,
Andong National University, Andong 760-749, Korea - This study was carried out to investigate the cause of
cholera outbreak in Gyeongbuk province in 2001. 90 strains of Vibrio cholerae O1 El Tor serotype Inaba were
isolated from diarrheal patients. By multiplex-PCR, all of the isolated strains revealed positive for detection
ctxA, hiyA and tcpA genes. There were DNA sequence difference of the cholera-toxin subunit A gene and
subunit B gene between isolated V. cholerae O1 and the strain of GenBank. In analysis of PFGE patterns, all
of the isolated strains were showed the same DNA fragments. We also collected plankton samples in the east
coast of Gyeongbuk to isolate V. cholerae O1 and V. cholerae O139 from August to October 2002, The sam-
ples were examined to detect the #fb gene and cholera-toxin gene by multiplex-PCR. The cholera-toxin gene
was detected and then we tried to isolate ¥ cholerae Ol and V. cholerae 0139, but they were not isolated.
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7IMe EAME B3 Y] §39) Aol & Felslgl o,
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20019 AEAY Zdet 73 o Iy EAYS B3
A E AR E 2] - A" V cholerae 012 H
Aoz sigem, EZ2AME ¥ cholerae ATCC 14033, V,
cholerae ATCC 9458, V. cholerae O139(KNIH) 5& A
3t

Multiplex-PCROfl 2|8t cod, tcpA. AlyA gene ZM

B2]® V. cholerae Ol°ll ¥k cxA, hlyA gene & TCP
proteing- ¥4 22 3= 1cpA gene 52 multiplex-PCRE
Algstel e, oluf ARE-3F primer: Table 3ol ViERSIEt.
AlgTEe] DNA= TSA®l| 124]7F i okal wiokel & 4le]
(9000xg 10 min)3tx FAZE <F 10°(595 nmell A O.D
0.6/mh= A Fekdled, 95°CollA 1087F 71t FE9¢ A
AlE2]sle] template DNAZ A&l AMg-ahsict,

PCR 4F-$-2 10xPCR buffer£2] 10 ul, dNTP mixture
(2.5 mM each) 8 ul, 2.5 U Tag DNA Polymerase 0.5 pl,
primer pair Z} 1.0 pl(20 pmol/ul, Table 1), template DNA
5 uE 9ol DDW.E FHFLIFS 50 W= 2A 8o
PCR system-2700(Applied Biosystems Co. USA)S o]-43}
o] WhEEZ1Z 95°CoA 5 ollv] 713t F 94°CollA 1
denaturation, 55°Cel|A4] 13 annealing, 72°Cel*] 184
extension® 2 35 cycles® SFAIZ Z2te] 42 A5
2 38ty 5 we FZFAFEF molecular weight marker
(100 bp ladder, Bioneer Co.)& 2% agarose gelol| A A 7]
o353} ethidium bromide 82§02 GMsle] A2 &kl

sHlt.
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Table 1. Synthetic oligonucleotides used in this study

Target . Vo Amplicon
gene DNA sequence of primer (5'- 3") size (bps)
cteA F: ACT CAG ACG GGA TTT GTT AGG CAC 2300

R: TCT ATC TCT GTA GCC CCT ATT ACG

F: GAA GAA GTT TGT AAA AGA AGA ACA
tcpA 471

R: GAAAGCACCTTC TTT CAC GTT GAT
iy A* F: AACGCGTTT TGG TTG ATT TC 93
7 R: AAA CCA GAG CGC GCT AAT AA

*: product =hemolysin

EUIE M3 Y B2t SLA[EX EHlAH

Sellekte] Ak M) M e st
of 20024 #F2=7} T2 8 YA 102 Abolell E=
= AFHE Bt Ao I A-ANN A 2 mel| M FZE
A 0.5~1 m/sec X2 wiE o FatHA] Hrleg Fel o
717 F AR 14 S A A ERFAEL
0200 um A2 o3Fsle] G| Az A A8
25 mAE 58] tissue grinder® T3} A7) F 2
XAPWol| A F3le] 6~8A17F F-3tsl e, S A7 APW
A 1 mbg- AF3e] tubeol] 3L 14E21(14,000 rpm, 1
Bt 1 FAEE, AR TS HEERT I mE
gt § dalieslia, o] "asRael Adgeisdd.
AN 10 22 Fe F 9AHE2(14,000 1pm, 1)t
I 4298 PCR ¥F%- template DNAE A gel] Al8-35)o]
cholera toxin(CT) gene W ¥A3 el S sjgir}. 3k,
APW 79§ 10'~10° At 3] 3o, TCBS wi #] ol A
35°C, 18~24417F wiokslsivt.

CT gene ¥ 843 FlAlgol] AME-8t primers &3t
7oA 2] V. cholerae O1 % 0139 W3k CT 44
T 55 T F UEF 5ol vdAE G533
rfb genes} CT geneS XA 22 1= primerE Table 2014

Eulel o] Alsle ARGt b B cixA gene band
7} gl & Aol ole} HERE FAlol wioke TCBS vl
7] A3Aq] ezt Js A= Adsle] TSA 3
i R]of} o]Alsle} THA] 35°C, 18~2441%F Wikt Z&E}

Table 2. Synthetic oligonucleotides used as primer in rfb and
cixA gene detection

Target 5°F3'DNA sequence of primer A'mphcon
gene size(bps)

F GTT TCA CTG AAC AGATGG G 192
s R GGT CTA CTG TAA GTA CAAC
.
F: AGC CTC TTT ATT ACG GGT GG 450
R:  GCT AAA CCC GAT CGT AAA GG
oA F ACA GAG TGA GTA CTT TGA CC 308
R: ATA CCA TCC ATA TAT TTG GGA G
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Yoz SRS AL [26], DNA % 9 PCR
NSRS SellMel FUe Wl o R iy

CbA, cvB, hlA gene 7MY 24

V. cholerae 019] A} 71Md AAL CT AYAE ¢
3l o2 42 Al o gene® subunit A Y B F-E2
single band”7} #<¢l¥ PCR FFAHE S Qiaex PCR puri-
fication kit(QIAGEN Hilden Germany)Z- o|-&3}e] 2|3}

o] 5 template® 3}o] direct sequencingS A]8)s}Act.

AMS-8F primer= Table 3 7)&3}e] 43192, DNA
sequencing-= F-A A} 97149 AFEA(ABI 3100 DNA
analyzer system, Perkin-Elmer USA)S &l 3le] A]8)3}]
on, fF32F 471 A4S $18F PCR BR-&271-2 96°C
ol A 58 oJju] 7}dEk & 96°Col| A 20% denaturation, 58
°Coll Al 40% annealing, 72°Cell Al 124 extensiong 33
cyclesS uHEsle] AA|sbgieh. & AfelA UL CT #4
2} subunit A, BEE3} AFEA 7 Al NCBI GenBank
databaseol] 55-% AR E A F Blast program(http:/
www.ncbi.nlm.nih.gov)el] &}3l] Ala3}edch[27-32].

Pulsed-field gel electrophoresis(PFGE) A#

PFGE A1%-2 Gautom[33]¢] ®H2 vk ¥3isle] A4
vt AlFTFT-E TSA wiAlel] AF, 35°C, 18~24X17F i
kgt F 1.5 ml®] cell suspension TE buffer(100 mM Tris,
100 mM EDTA, pH 7.5)°] #& #%3}ed BioMerieux
vitek colorimeter 15%2] FEEE ¥ FE& ZA3C &
=9 200 WE 10 ple] proteinase K(20 mg/ml stock)<}
Z0]¥ 1.2% seakem gold agarose(FMC Bio produtions,
USA) 200 pl¢} 41e] plug moldoll B3t 3o}, +&
1.5 ml®] ES buffer(0.5 M EDTA, pH 9.0,
1% sodium-lauroylsarcosine)$} 40 pl2] proteinase K &3}
Aof] o] 55°Cell A 1A]2F F1F vhAIAH. Al A A
< 55°CY] 222 A FpEelM Feiglet ukgo] £
3 plug moldE ZF-ol dol 55°CelA 15 £7F A &g
¥ plug wash TE buffer(100 mM Tris, 1 mM EDTA,
pH 7.5)2 MA3Led ThA] 55°CelM plugZE 43) A)- 3]},
A Z 8 plug moldE ¥FZ ARE-3I7LE, ARE H7ER] 4°Ce|
B3sisic).

Mz o] Erd plugs

plug mold=

1 mm FAZ A8 F 1.5 ml E-

Table 3. Synthetic oligonucleotides used as ctxA and ctxB gene
primer in PCR or sequencing.

Target gene Primer sequence (5'- 3') positions
F:  GITTTG ATC AATTAT TTTTCT G  474-495
cix A
R GAG GTG TTC CAT GTG CAT ATG  1338-1358
F: GGT TGC TTC TCA TCA TCG AAC CA 1147-1170
ctxB
R AAA CCA GAG CGC GCT AAT AA  1719-1697

tubeoll &7 100 ple] ¥H-§-E 3ol (10xrestriction enzyme
buffer 10 ul, 0.1% BSA 10 pl, Notl 30 unit, @ FFH4
2 FHFRIA] s Arisled 37°CelA 2A417F Bt b
SAZ . vhS-F vt uk-g- A& Al A3 plug wash TE
buffer2 A3t o, PFGES AAEAY 4°Cel Ratslad
o}, Enzyme *{2]7} Ed plugs gel combell -€81%3 718

AT o Eoll YL oJ7]ol] 1.0% seakem gold agarose
Z o] 23} o|w agarose solutionS FF FAHA EX]
A= H B3I gelo] Z2™ combE A A3} combe]
AAZ 7] W wellell B33RaL QI F-2 agarose solution
S go] v}, o]gA WEo)A geld CHEF DR® III
System(BIO RAD Co. USA)S- o|-8-3}e] 0.5x TBE, 6 V/
cm, 14°C, 10~402 sec switch time & ZH 28 18A]7F

B A7)G 5L sl
43 ¥ o

Multiplex-PCROl 2|8t ctA, tcpA, AA gene ZY

20014 AEA AL =t 3ol 227 CTE code
= F3AF A ME AT ZFNA eA genes El
g 4= qlelth. 29 V cholerae ATCC14033, V. cholerae
ATCC9458, V. cholerae 01399} A % 302 bps—°4 band= ¥
A3kt

Felale Wbyl A dls HAFA uhyo] wol AM-
Hele), o= CT F31AE AR 3= PCR ¥y
o] AHE-E 3L 9lvh[34, 35]. Albert F[36]> ¥ FA ==
e dolA Fell=hte] oA F2 coBE 5317 S s
primerE- A|2}s}ed wiE by o g Faeit-g Adsldd.

E Ao M= Shirai S[37]2] ¥hHE thh wigsle], CT
FAAE B3 V. choleraet2 97422 multiplex-PCR
< Al B3kl A ddokFig. ).

=3}k, TCP proteins codedh=

A FoA epA gene

Fig. 1. Multiplex-PCR assay detects the ctxA, hiyA and tcpA
gene of Vibrio cholerae O1 isolated from diarrheal patients in
Gyeongbuk province. Product size(bps): 223, hlyA; 302, ctxA,
471, tcpA gene. Lane M, Molecular weight ladder; lane 1, ¥, chol-
erae ATCC 9458; lane 2, V. cholerae O139; lane 3 to 10, V. chol-
erae Ol isolated.



AZNME= ¥V cholerae O12] Inaba 3 2 V cholerae
01399 M= SFAE<] AEHH L, WEQ] V cholerae
01 Ogawa oAM= cpA gene 2 F7|ME o2
DNA bandE #<¢lsk 4 412129, hemolysing coded}=
hiyA gene ZAZANME AR ZFo)A bandE Feld &
3)%le}. Keasler 5431 ©|#1% DNA 714 g9 Ao] &
ol &M ¥V cholerae 012 JE3HL F23 4 giok B
ar&keict. 81, Hemolysin -4 AH= Z7]¢l Honda 5[44]
o o) A= o] cfekat YT} TAF] ik E
o} Wh&t B39} Ichinose $[45], Spira {461 M E5A
2 B7] SAFE A EH sl B asieie

2t SARTKN Y HHY EIMH

et Aol S A FSAE arE] st
o FFaE AR AFHE Fe K3l LR olEd
20024 o] FolAl: 8 YellA 10Y Alelel] E3} ]
3 =HelA 65]ell AXA AAISE HA32} Table 49} 29kt

AL o] 5(1999) ¥ SHEZK(2002) sekE &
gle} 7HA] vhgel| 2)Aske] AlFsl.em, ol ¥ cholerae
Ol % ¥ cholerae 01399 W8t CT efAF#} SAF 25
£ g g =S Sold oAE a3 b gene
Z} CTZ code 31 ctxA genes F42.E multiple-PCRA]
& Az AR 14 7ol A3 AlgeA 270904 exA
gene®| band:= FelE o1}, b gene®| bands HEF A
ekak . wiFH A M E ¥ cholerae O1 D V. cholerae
013%= =AWkt

g, 19959 99 A 73| oA Ogawa 39
et 54 AATS FEE o, 19974 99 FFellA

Table 4. Detection of ¥, cholerae O1 in Environmental samples
collected from Pohang erea from August to October 2002.

Genes as determined by PCR

Year & .
Month Sample Site rfb oA

Ol 0139
Pohang No.1 — — —
Pohang No.2 - — -

Pohang No.3 — - +
Pohang No.4 — -
Pohang No.5 — —
Pohang No.6 — - -+
Pohang No.7 - - —
Pohang No.8 — — —

Pohang No.9 — — -
Pohang No.10 - — -
Pohang No.11 - — —
Pohang No.12 — — —
Pohang No.13 — — ~
Pohang No.14 — — —

2002. 8. Plankton

2002. 9.

2002. 10.
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Inaba¥ ] 54 BATE 19984 7, 89 3 2 7oA
Hikojima, Ogawa ¥ 54 SATS 44 sl
1999 A5 A NAM 2000 99 F oAkellA] AL F
o] He]= %2, 20014 9% EAF 259 3lollA Inaba 3
o] B4 AATE 28| AE E3 o] AIFS el A
Ogawa 82| 54 $AFS Ad 5999 3l5olA Inaba ¥
o) B4 Ao FEFH I 3o, et DA dde] 3
Wlael Agk AdA o] HA FobA T 3lTH26,47, 48]
Blake 5[49], Rogers 5[50], Motes S[51] 374 HUA
2 EAE FAANTZIE 98E 35S V. cholerae O1 To)
wEEA], 9 9 35 FEE ] "oixl el s
I vl= AERRS ge) g8l e FA6A BelEe, 1980
d Sl V cholerae O1 T2 FE-] = Bl & H-5-3}
B ALZ oA gle] Aot & 7F ofH A AFEdR=
A #FY 7FeA el Eoe Relw. & #& wi%k

e A$e FEete 025-3%2 98 255 fA3ka
pH 8.0% FAI5le] F1 oJofio] gloi= A7z &=

Aoz odejA gloem, et JYavt sl F&3 A
AL e Aoz od#A 9ldt. Miller {221 5%<lA &
et B33 A QoM FeE AL AT 7Y 5
dthe 7HdS AAslAE20-22]. 34 HYAEA e
X(sea surface water temperature)2] Ab5O 2 of oFF-7 o]
FH3 copepods®] 49 SV FHelte] S5 9
FAo 2 A=m[15-19], Diseases in Manoll:= Fv] T3
Hog 3 Wdart 384 SHEEY A=A e
A& Barsideis2].

gt F2F code 3= FAHAE FollA cxA gene 7]
Mg Fig. 29} 7ol A=, GenBankel] 5-5]o]
= Li 527181 ¥V cholerae strain 203-933} H=2|42] 4
71AM 4 vl B oA 100% homologyE X} T8y}
Yamamoto 5-[28]%] ¥ cholerae O139(strain 854) ¥ Dams
5129181 V. cholerae El Tor(strain 2125), Rui 5[30],
Heidelberg 5 [31}%] &7 1374 adenine(A) #12]¢]
guanine(G)>-2 §7I1ME vl B ellA xfe}7} )sich(Fig.
2). B3}, Shin $[32]8) ¥ cholerae KNIH0022] B3l 24
diME 15640 T 9Xloll A, 3278 Aol C] F Rl
3 2] zlo]E B3}

H2]7+2] B geneE PCR $FA)7) A2} 25 572 bps
o uksARES ERIsk, SEE RS 2] AAls] #
Az} G7IME AF5EM7IZ B8] 375 bpsY] coxB gene
o) GrI9E BH Bl Fig 33 20T 92 3919
G71xYd AR E nucleotide 115 el C, 138 93] T,
203 Aol CEA Olsvik 5(1993)0] BA18t ctxB gene
A7M gl vl EMollA classical worldwide 2! El Tor,
U. S. gulf coast®} U3} genotype 19] pattern 2.9},
V. cholerae 012] CT gene®] 97|A "] W XA B
gene® |@71M A F 1159, 1384, 203 |4717F 4
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O13B-bengal” ATGGTAMGA TAATATTTGT GTTTTTTATT TTCTTATCAT CATTTTCATA TGCAAATGAT GATAAGTTAT ATOCECCAGA

KNHW‘ FEAXRRA RS FANAREALET S AAAAANLTKES FRAXNR T RS AN RN MK A Y AP AXAURTNT A A wwA ey AR Rrrvan Q)
Isolated"' BEARERARF D R KRR RRETAND RN R RN R R F AR KRB AR RS KA AR KR DRI N AN RN ENRR IR AR R R E AR AT KA R I A AT AR

TTCTAGACCT QCTGATGAMA TAAGCAGTC AQGTGGICTT ATGOCAAGAG GACACGAGICA GTACTTTGAC CGACGTACTC

AEE AN A A RE KRR A AR RINS F IR A A AN E A KN RRERFAAE ANAENR AR E N ppar ko hd SRF NS RN E Y ,.,..A.,‘.,

AR R R AR A KR AR AMEEAT AR IANRREKE ARA RIS AR amannafuns rhrenrenrr snrnaTrane

AAATGAATAT CAACCTTTAT GATCATGCAA GAGGAACTCA GAOCCGATTT GITAGGCACG  ATGATGGATA  TGTTTOCACC

ke aEERE AeAREAERES BwwmaEAR T KAEERwrwwe wAAEREARAE wneerirrar wvzezawrs srexrxsass 240

WERA KRR R RN ARARNARNNE KA AT R AR I A ® RNRENR SRRt FAAN AR A TN AR AR N R AT RE N AR SN R RN RS AAAANTE RN W

TCAATTAGIT TGAGAAGTAC QCACTTAGTG GGTCAACTA TATTGICTGG TCATTCTACT TATTATATAT ATGTTATAGC

AR E A AN A ERAKRANAEE KRR AANRTAT NKARAANRNA KAANERARAKR XARAARNNAL wxwxxrratn wxxcanswrr 320

FERE R B AR B R AR A F A ER R T A N TP A AN ARNT F PR R NR AN RS A FRENE T A A AR ATNRAAT AR T ERATTTS A AT EAT RO

CACTAOAOCC AACATGTTTA AOGTTAATGA TGTATTAGEG QUATACAGIC CTCATOCAGA TGAACAAGAA GTTTCTACTT

seear e Crra $E IR R TR SRR AN CRA A AR AT TATAARTEFL AN RTENIE AEFa kAT AAEAATENAD

AR e AERAIARAAS G R R AN SRRk RKEAAA R kRS FAKAAAAARE AAARKRAEAS KA AR AAA R KA A SO
A h AR AR RN NAANRE AR KA A RANR AN RANAAA RO AN AR ARE b n AREARI e A s daransrerr taxihrrenn 430
R A AR R A AR K KA ARRAEIE A AR KRR A NK AR EE ARG K FEATRAARAE KR ARKEARAE AR R RRRAE AR A RIS w
R kR kb A d AP E N A AR D AR A kR A E EA AP E A A KA IS E SR AMEAELENRE Nawsewwnrr wxwwewanwr D00
AR R R AR KRR KRR KN R KRR R R AE R AR PR AAR R G RANAKRARE K AK AR N KRN KRR ARAAARE MR F Ry

GEACCATAGA QCTTCEAGEE AAGACOOGTG GATTCATCAT GOACCA30GG GITGTGEGAA TACTOCAAGA TCATOGATCA

ARERRE R AARN NENANRTAERN N KA AR A I T RE XRRAR R RN A K AKX FRF N AN A FXHXX R RN TRALR L AR A ® AN XD T LR A

HE AR AR A LR A AT ERTTREE A A AR KA RRR KR E NI N RNRT FARKNA T AN * AN FAANNENRE AR R UL RHEN F T XT A RN AR

GTARTACTTG  QGATGAAAMA ACCCAMAGTC TAGGTGTAAA ATTOCTTGAC GAATACCAAT CTAPAGTTAA AAGACAAATA

AR AR R A KN AR RA AR EA KA KR EAKN A AR KSR NRN A KA RKEKN KRS KAKNARNRAN AR Awrxrdan wxxnrrxrxn 120

AXEXRXREES KRAKARERE L A AT RKN AR RN AR XA RN RA AR N AN RN AN RAT NN AP A ISR AL AT R F R AT AR

TITTCAGCT ATCAATCTGA TATTGATACA CATAATAGAA TTAAGGATGA ATTATCA

R A R

800

KO EEN TR LR FRNEAFNAET H AR RNEANTR A AKX RASNRT A A RN RE AR L AW R KR AN

0139-bengal” Yamamoto et al. (1994) of V. cholerae 0139 (strain 854)
KNIHO002#* : Shin et al. (1999) of V. cholerae KNIH002.
Isolated*** : Isolated from diarrheal patients in Gyeongbuk province.

Fig. 2. DNA sequence of ¥, cholerae ctxA operon nucleotides (777 bps).

Genotypel ATGATTAAAT TAAAATTIGG TGTTTTTITT ACAGTTTTAG TATCTTCAGC ATATGCACAT GGAACAOCTC AAAATATTAC
GENOLYDER ## % s xks %kt *aaaxsshhs hAkkhhhrn XARFKFRRRAE XEAKRR AR AR KAKIKIRRER KARKKRRKRAK KXREE KRR AK 8
Genot I I I T e e
ISolated’ s xkeasmsns Axmakhbsnk Kk h ARk hhhh KAF R AR AR AR AR AR AR R AR R AR AR KRR R FR AR KRN A

TCATTTTGTG GCAGAATCAC ACAACACACA MTA C ATAOG CTAAATGATA AGATATT T TC GTATACAGAA TCTCTAGCTG

dR Rk kKRR Rk Mok kR kAR R Rk kKA kKRR Arwn C""' oA ok Ak kK ok K KREREER G** ook ok R A KO KKk ok ok ok ke o K Ok K

[ T I I T L L L T L L R e R T T )
N S T L L T T e T R Tl

GAMMGAGA GATAACTATC ATTAC A AGAATGGTGC AAC TTTTCAA GTAGAAGTAC CAAGTAGTCA ACATATAGAT
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Fig. 3. DNA sequence of the V. cholerae O1 toxin operon (ctxB gene) from diarrheal patients in Gyeongbuk province. *: Isolated
from diarrheal patients in Gyeongbuk province.



Fig. 4. PFGE banding patterns of V. cholerae O1, lane M DNA
size std.. 1 to 10, Isolated from diarrheal patients specimens in
Gyeongbuk province.
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