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DNA
1
1.1 AXYGEN
1.1.1 7534 2005
FJ14 2006 1.2
Wz64 2007
tdh PrimerSelect 5.0
FJ14 trh 1
1.1.2 Taq 10 x PCR buffer dNTPs
1 PCR

Table 1 List of primers for genome walking and PCRs used in the study

V. p strains/ Accession Target genes Primers Sequence 5'—>3'
VPA1310* F2 CTCCAGACCCTACGCTTCCCGTC
VPA1314 P3 GGGACAGATGGAAGCTCAAAGGCA
VPA1312 F1 CGTCCTGCACTTGTITGCCTGT
VPA1314 P3 the same to P3 as referred above
VPA1314 b-F GGCAAAGTTATTAATCAATTCATG
b-R CGGAATTCTTATTGTTGATGTTT
VPA1315 c-F TGTAGAAGCATATGAGAGTGGTAGTGG
VPA1316 c-R CGGGATAAATCCCAAGCGACT
RIMD2210633/ VPA1316 d-F TTAAAGGTGAACGACAAAGTCG
BA000032 VPA1321 d-R TCATGTAGGTAAAGATGGAAATG
VPA1321 e-F CATCCACATTTGTCTTCCAAG
e-R TTAGAATAGTGAGGTCCATATGC
VPA1321 -F ATTGGCATATGGACCTCAC
VPA1325 f-R ATAAGTTGCAGCATTAGGGC
VPA1325 F GCCCTAATGCTGCAACTTAT
VPA1326 R CTGTTCGCTATAACTTACACGA
VPA1327 h-F AATTCGTGTAAGITATAGCGAAC
h-R CAATAGGAGGCAGATGTGAAGGT
tdh-F GTAAAGGTCTCTGACTTTTGGAC
WP/ M10069-1 tdh gene wh-R TGGAATAGAACCTTCATCTTCACE
FJ14 tdh region tdh-u2-S1 GGAAGAACTGCCTGAGAACGATGTT
tdh-u2-S2 GACTACGGACAGCAAGCATAAGATG
tdh-u2-S3 ACTACAAGCGAAGGTCAGCTCTAC
tdh-ul-T1 TGCACAACGTCAGGTACTAAATGG
tdh-ul-T2 TCGGCTCAAGTACAGCTTCAACATTC
tdh-ul-T3¢ GTAGAAGCATATGAAAGTGGTAGTGGT
tdh-d1-P1 GTTCACAGTCATGTAGGATGTCAGCC
tdh-d1-P2 CCTTTACATTGACCGGTGCATTGGT
tdh-d1-P3¢ same lo above P3
tdh-d2-wl CGCTCTATACTTCAACTCCAACTG
tdh-d2-w2 TGCGATGGCGCGTGAATTTTGTCAG
tdh-d2-w3° GACATCGAACACATACGGGACTG
tdh-d3-nl GGTATTCAGGAGTTAAAGAGGGCATC
tdh-d3-n2 GGGCGCTATGTTTGATTTTCTGACA
tdh-d3-n3" CATCGCAGTCCCGTATGTGTTC
tdh-d4-Al CAGACGGTGTGGAAATTGTGITATC
tdh-d4-A2 GGCTGTCGTTGAATGATTCTTGATGC

tdh-d4-A3¢

CACACTTCACCCATGTTAGGAATCTC
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V. p strains/ Accession Target genes Primers Sequence 5'—>3'

WZ64 tdh region tdh-1-1 GGCTGACATCCTACATGACTGTGAAC
tdh-1-2 GCGCGGTCATTCTGCTGTGTTCGTAA
tdh-1-3" CGGTGAAGATGAAGGTTCTATTCC
tdh-R-1 TTACGAACACAGCAGAATGACCGCGC
tdh-R-2 GTTCACAGTCATGTAGGATGTCAGCC
tdh-R-3! CGGTTTGTCCAAAAGTCAGAGAC

FJ14 and WZ64 tdh region FJ-up CAGATCAAGTACAGCTTCAACATTC
FJ-dn GCTCTGGAGCATGGCTACTT
P3 the same to P3 as referred above
P3-F3 GTAGAGCTGACCTTCGCTTGTA
Ywn-1 CCTCAGTCACAACTCTAAGATAAC
Ywn-2 CATACGGGACTGATTCGGAA
YZA GGGTGAAGTGTGACAAACTCCT
ureG’ TGTGGGGTCAGGTAAAACAG

TH3996/ trh nik and tp-1 ATCGCCCACCTAACAACTGC

AB038238 * ure gene tp-2 ATTGGCTTTGTTGCGTAATTC

region trh-F TTGGCTTCGATATTTTCAGTATCT

trh-R CATAACAAACATATGCCCATTTCCG
TA-1 AGTGTAAATGACTTGGATGATTG
TA-2 TGCTGTCTATGAATAATGTGTC
TB-1 CGTTGATAAATTGACACATTATTC
TB-2 ACATTTCTGCTCCTCGTGGTA
TC-1 TACCACGAGGAGCAGAAATGT
TC-2 GTTGCTCCAGGCGTAGTAATC
TD-1 TTCCTTGATTACTACGCCTGG
TD-2 TCCGATGACATAACAGAGATAGC
TE-1 ACTATTGCTGCCGAAGATATTC
TE-2 CTCCATAACATCCAGTGATGC

a. Designation of target genes was based on the complete genome sequence of Vp strain RIMD2210633 GenBank BA000032

b-g. Six sets of primers used to

amplify the adjacent regions of tdh in Vp strain FJ14 h-i. Two sets of primers used to amplify the adjacent regions of tdh in Vp strain WZ64 j. The 8 primers
employed to confirm the results of genome walking k  Vp clinical strain TH3996 with BenBank No. AB038238 Infection and Immunity. 2000 68 10

—-5748.
1.3 PCR tdh 5 3
tdh
AP1
PCR PCR 1 pL
PCR PCR
5pL
1.4 PCR
PCR 30 pL 1 x PCR buffer
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Fig.1 The structural diagrams of tdh-adjacent loci of Vibrio parahaemolyticus strains ZS34 FJ14 and WZ64 by genome walking.

2.2
PCR
FI14 tdh
11128 bp  DNA Blasin 2
tdh
IS-1 19 bp
RRS GGCTTTGTTGCGTAATTCG IS-1 ISV-
3L 99 % ISV-3L tdh3
18- 1 ureG trh
FJ14  idh
trh-
tdh  irh 15 kb
[Tda 1998 tdh  trh

40 kb " trh- ORF16 "
ISVpa2 77 % ORF16
tdh Is-11
15 bp TGTATTAGTTCCGAC
IS-11 ISVwu4 87% "
tdh  1S-11 4.9 kb
Is-11 522 bp  DNA
pJM1  pJHC1 80%
WZ64  idh
4439bp  DNA 1-C 3 udh
FJ14
100%

500 bp



1580 Shuna Wang et al./Acta Microbiologica Sinica 2009 49 12

Maoricy I ITIITCAEITRAITATICAGI[ITIGCCI IITTTITIGGGIITIITIIRGE[ITTT CcaTI|lcan
: : —=1 ; :
10 20 -35 a0 10 -10 50
X54340-tdhl . . . . . . o T o0 L 0 0w e e e e e e e S N T e . S 4
e S G
HEA342 ©AR3 « . 4 .+ 4 e w e e e e e e e e e e e e e R et i SN S
WRARAA-nAhd L L L L . L .. L. oL I S L
£5354-tan - L G
Fdli-tdh s ) A P R B NP
WZ&ei-tdh B S A T
Majority ECCTIGCCAITCIGGCARRGITIATIARTCAATIC[AGaGcgdITTTIT-RTGRA
T T : T :
an 70 co s L 10
x54340-tanl A I . C . L + . .« .« + « « « « « + « « - . T -
ES4541-LANZ B+« « 4 o4 4 e e e e e e e e e e e e A P T
HEAZ42-5dR3 « . 4+ 4 e w e e e e e e e e e e e e e e e e e e e e e e e R
WRARAA-tAhd . L L L . L .. L. ..o e A N SR EE R N
z534-Tan e T T T
Fdl4-tdh e e e e e e e e e e e e e e e e e e e e e -
WZEd-tdh . E T U I S e -
Majority CAATGCTABRACATCAARARATR A ARCTARAAAGCCACAGAATATT
; ; b % - T
560 570 s80 590 600
; : : : :
HSAS40-Lali| . - & . . h e e e e e e s I R R O R R TR T g
KS4S41-tdh2| .« - - . . h e e e m e e e s Cume o - --~-~ R s G R it A
xs434z-tan3| . . . . . . G e e m e e e e e e e e e e BAGTARAAR[. = « & 4 o i m e e e et e e e e e e
X54343-TaAN4| . . . . . . . . . TR T TR | SR S e O O S T R T S B e VA T
Z534-tan g S T LUy
Fadlda-teth | o . o o L o = - - - - - - 4 4 4 4 4 4 4 - = A AT A A[. - - - - o L 4 44 e e e e e e e e e e e -
WZRA-tAh | . . . L . GRS i TR AR C- TS| CIN S SIS R ST i e A
Majority CTGTGGCTTTGRAARTGATTARTAATARTTTIATCTAATTTATGCATGCCA
610 620 630 G40 650
;
XS4340 tdhl . - - . . - - - - . - - - - - - R R R e - -G - - e SR R o o
A 3 L R e . - oA LY T
T 012 Lol R e B T e T e L L R W i
T A0 et il [ e S e e e et s r D R W,/ BT 2 T 8
e — L e o T L ..
EITL0 - Coai O SR TR PG A S R R T . L A B R R
2 6 = T . o N e
2 7834 FJ14 WZ64  tdh
Fig.2  Comparing the promotor and terminator sequences of the tdh genes cloned from Vibrio parahaemolyticus strains 7ZS34  FJ14 and
WZz64.

Table 2 Sequence analysis of tdh-adjacent locus of Vibrio parahaemolyticus strain FJ14

Blastn result

Location Location in Identit B .
in FJ14 reference strains ey 'Nu'('le()llde Origin
similarity/ % accesion number
83-1385* 83-1134 ureG-ORF16 96 V. p AB038238
860-1385 ISVpa2 71 V.p AB353318
2034-3087 ISV-3L 9 V.p M64121
2034-3088 2034-3087 ISV-5R 96 V.p M64123
2459-3087 ISV-5L 98 V.p M64122
2034-3087 transposase Rhs family protein 96 V. vulnificus BAOOOO38
2104-2519 transposase 92 V. wulnificus BAOOO037
2169-8087 transposase 97 V. p BA000032
2549-3088 pathogenicity island 95 V. cholerae AF325733
3033-3722 tdh 97 V.p AY195739
3033-4012 3073-4012 tdh A 96 V.p BA000032
3090-3867 tdhS 93 V.p BA000032
3390-3659 tdh 9 V.p DQ345439
3413-3636 tdh 9 V.p EU185066
4129-4279 4129-4279 hypot protein 98 V.p BA000032
4279-9211 4279-9211 unknown gene 0 —
9221-9658 9221-9658 lux operon 82 V. harveyi EU192082
9211-10415 9211-10415 transposase 1SVoud 87 V. wulnificus BA0O00038
10092-10408 hypot protein transposase 83 Photobacterium profundum CR378667
10511-11033 10511-11033 pJMI  pEIB1/JMO1 to JM44 genes 80 L. anguillarum AY312585
pJHCI TAFb region L. anguillarum AY255699

V. anguillarum AF311973
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3 Wz64  tdh
Table 3 Sequence analysis of tdh-adjacent locus of Vibrio parahaemolyticus strain WZ64
Blastn results
Location Location in Identity leorid . 3
in WZ64 reference strains entity Nuc e.ntl © Origin accession
similarity/ % number
1-499 1-499 unknown gene 0 —
499-990 499-910 VCO0818 gene 94 V. cholerae DQ773585
Integrase domain protein Shewanella
499-986 transposase 1S4 family 81 baltica CP000891
499-986 transposase reverse 98 V. p BA000032
499-489 ISV-3L 99 V. p M64121
499-489 ISV-5R 97 V. p M64123
499-989 ISV-5L 98 V. p M64122
499-990 transposaae obverse 95 V. wlnificus BAO00O37
862-990 hypothetical protein 82 V. vulnificus BA000038
056-2208 956-1826 tdh X 98 V. p S67841
970-2003 tdh1 9.8 V. p D90238
975-1797 tdh2 96 V.p B112355
989-1993 tdh 91 V. nmumicus M64120
981-1981 NAG-tdh 94 V. cholerae M55316
1030-1797 tdh3 gene 98 V. p X54342
1029-1694 Vh-dh 90 V. hollisae M57900
1121-1693 tdh 95 V. alginolyticus DQ44052
975-2012 tdhA 95 V. p BA000032
2.4 FJ14 WZ64 idh 3
MegAlign 5.0 7334 FJ14 WZ64 TDH
tdh ORF 7534
GenBank tdhl tdh2 1dh3 tdh4 RIMD2210633  tdh2
X54340 X54341 X54342 X54343
2 7834 tdh X tdh1
13
1dh2 1dh3 tdh4 96.8% 99.8% Xu 71994 TH3766
98.4% 98.4%  1dhX - 10 kP wh tdhX dhX
dh1 FJ14 WZ64
- 35 SO C dh2 f !
X54341 7534
o 2 FI14 IhX tdh X tdh3 GenBank
1 1 t
X54342 tdh?2
tdh1 tdh2 tdh3 tdh4 96.5% 415
98.4% 99.5% 98.4% WZ64  idhX vdh 1dh2
96.3% 97.9% 98.9%
97.9% tdh3 X54342
-35 SD tdh3 15kb  2-B
TAA 7 1 DA tdh  trh
tdh3 40 kb tdh  trh "
FJ14  WZ64 tdh tdh3 FJ14 WZ64



1582

Shuna Wang et al./Acta Microbiologica Sinica 2009 49 12

RIMD2210633
Blastn
DNA
V. cholerae
V. vulnificus

V. anguillarum

3 FJ14 WZ64 tdhX
15903

16

G + C
34 %

17

DDE

775

21

Tolmasky

tdh pIM1
80% DNA

tdh
tdh

22

7534
FJ14
tdh
V. mimicu
V. alginolyticus
V. harveyi
tdh

90 %
45 %
tdh
tdh

Nishibuchi tdh

trh

19-20

pJM1
pJM1  pJHCI

FJ14
pJHC1

FI14 tdhX

1  Blake PA Weaver RE Hollis DG. Diseases of humans

other than cholerae caused by vibrios. Annual Review of

Microbiology 1980 34 341

- 367.

10

11

12

13

Park K Ono T Rokuda M et al. Cytotoxicity and
enterotoxicity of the thermostable direct hemolysin deletion
mutants of wibrio parahaemolyticus .  Microbiology —and
Immunology 2004 48 313 - 318.

Kubota K Iwasaki E Inagaki S et al. The human health
burden of foodborne infections caused by Campylobacter
Salmonella  and Vibrio parahaemolyticus in  Miyagi
Prefecture  Japan. Foodborne Pathogens and Disease
2008 5 641 - 648.

. 1992 - 2001

Journal of Hygiene Research ~ 2004 33 725-727.
Honda T Ni Y and Miwatani T. Purification and
characterization of a hemolysin produced by a clinical isolate
of Kanagawa phenomenon-negative wvibrio parhaemolyticus
and related to the thermostable direct hemolysin. Infection
and Immunity 1988 56 961 — 965 .

Honda T and lida T. The pathogenicity of wibrio
parahaemolyticus and the role of the thermostable direct
haemolysin and related haemolysin. Review of Medical
Microbiology 1993 4 106 - 113.

Tang GQ lida T 1Inoue H et al. A mutant cell line
resistant to wibrio parahaemolyticus thermostable direct
hemolysin its potential in identification of putative receptor
for TDH. Biochimica et Biophysica Acta 1997 1360 277 -
282.

Shrirai H Ito H  Hirayama T et al. Molecular
epidemiologic evidence for association of thermostable direct
hemollysin  and TDH-related hemolysin ~ of  Vibrio
parahaemolyticus ~ with  gastroenteritis.  Infection  and
Immunity 1990 58 3568 —3573.

DePaola A Kaysner CA  Bowers J et al. Environmental
investigations of Vibrio parahaemolyticus in oysters after
outbreaks in Washington Texas and New York 1997 and
1998 . Applied and Environmental Microbiology 2000 66
4649 - 4654.

IS Finder  hitp //www-is. biotoul. fr/index. html is.
special. name = ISV3L 2008 5.25.

lida T Park K Suthienkul O et al. Close proximity of the
tdh  trh and ure genes on the chromosome of Vibrio
parahaemolyticus . Microbiology 1998 144 2517 - 2523.

IS Finder  hitp //www-is. biotoul. fr/index. html is-
special-name = ISVvu4 2008 5 25.

Okuda J and Nishibuchi M. Manifestation of the Kanagawa
phenomenon the virulence-associated phenotype of Vibrio
parahaemolyticus depends on a particular single base change
in the promoter of the thermostable direct haemolysin gene.

Molecular Microbiology 1998 30 499 —511.



tdh N 2009 49 12 1583

14 Nishibuchi M and Kaper JB. Nucleotide sequence of the hemolysin gene among Vibrio species. Journal of
thermostable ~ direct ~ hemolysin ~ gene  of  Vibrio Bacteriology 1991 173 5036 — 5046.
parahaemolyticus . Journal of Bacteriology 1985 162 558 — 19 Kamruzzaman M and Nishibuchi M. Detection and
642. characterization of a functional insertion sequence [SVpa2
15 XuM Ilida T Yamamoto K et al. Demonstration and in Vibrio parahaemolyticus . Gene 2008 409 92 —99.
characterization of simultaneous production of a thermostable 20  kamruzzaman M Bhoopong P Vuddhakul V et al.
direct hemolysin TDH/I ~ and a TDH-related hemolysin Detection of a functional insertion sequence responsible for
TRHx by a clinically isolated Vibrio parahaemolyticus deletion of the thermostable direct hemolysin gene tdh in
strain  TH3766. Infection and Immunity 1994 62 166 — vibrio parahaemolyticus . Gene 2008 421 67 -73.
171. 21  Tolmasky ME Salinas PC Actis LA et al. Increased
16 IS Finder  hitp //www-is. biotoul. fr/is. html 2008 production of t he siderophore anguibactin mediated by
5.25. pJM12 like plasmids in Vibrio anguilllarum . Infection and
17 . Immunity 1988 56 1608 — 1614.
Journal of Tropical 22 Makino K Oshima K Kurokawa K et al. Genome
Oceanography 2005 24 86 -95. sequence of Vibrio parahaemolyticus  a  pathogenic
18  Terai A Baba K Shirai H et al. Evidence for insertion mechanism distinct from that of Vibro cholerae. Lancet
sequence-mediated spread of the thermostable direct 2003 361 743 - 749.

Analysis of tdh gene and its adjacent loci of Vibrio parahaemolyticus isolates from
seafoods
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Abstract Objective To analyze the structural characteristics of tdh gene and its adjacent loci of Vibrio parahaemolyticus
isolates from seafoods. Methods Long distance PCR and genome walking were used to amplify the DNA sequences flanking the
tdh gene and the sequences were analyzed by blastn against the NCBI database. Results The genetic structure of tdh-
adjacent loci  VPA1312-VPA1327 from isolate ZS34 was similar to that of the reference strain RIMD2210633  with the
nucleotide identity of 98.3% . The tdh gene of isolates FJ14 and WZ64 was located in the loci different from the reference strain
and ZS34  and showed high nucleotide similarity to ¢dh3 gene. In the genome of isolate FJ14  idh was 15kb away from the trh-
ure cluster with IS-like elements and transposase genes inserted therein. Isolate WZ64 lacked trh gene but also harbored IS-
like elements upstream of tdh. Conclusion The tdh-adjacent loci of V. parahaemolyticus seafood isolates exhibit high
diversity an additional evidence of lateral gene transfer in this particular species.
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