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A Study of Virulence Factors and Pathogenicity of Vibrio parahaemolyticus Isolated

from Diarrheal Patients and Environmental Sources in Gyeongbuk Province
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Background : V. parahaemolyticus, an important seafood-borne pathogen, is the causative agent of
gastroenteritis in humans. In this study, the occurrence and distribution of the thermostable hemoly-
sin (tdh) gene and the tdh-related hemolysin (trh) gene were investigated, and as many as 72 dif-
ferent O : K serovar combinations were determined from diarrheal patients and environmental sources
in Gyeongbuk provinceas during the 2000-2001.

Methods : A total of 50 strains of V. parahaemolyticus isolated from diarrheal patients and environ-
mental sources were analyzed for the tdh gene and trh gene. The strains were analyzed for kana-
gawa phenomenon (KP) with the wagatsuma blood agar medium test. Furthermore, the strains be-
longing to O and K serotypes were determined. DNA sequence determination of the tdh gene were
verified using GenBank and analyzed.

Results : In the KP experiments of V. parahaemolyticus, 80% of the strains isolated from diarrheal
patients showed positive, but all of the strains isolated from environment sources were negative The
distribution of O and K serotypes were O3:K29, O3:K6, and O3: K31, atc. isolated from diarrheal
patients, and 02:K28, O3:K29, and 04:K34 atc. isolated from environmental sources. As for the tdh
and trh gene of V. parahaemolyticus, the tdh gene was detected from 88.0% of diarrheal patients
and 16.0% of environmental sources. The trh gene was not detected from diarrheal patients and 8.0
% of environmental sources, whereas all urease positive strains possessed the frh gene. The DNA
sequence of tdh gene were verified using GenBank and analyzed the difference, tdh nucleotide
sequence was found among the V. parahaemolyticus.

Conclusion : V. parahaemolyticus is distributed with high frequency in the environmental sources
such as sea water, fishes and shellfishes sampled at the Gyeongbuk coastal area, and the O3 :K6
strains producing TDH were confirmed, which is prevalent throughout the world, from diarrheal pa-
tients. Thus, it is very important to establish a measure to prevent food poisoning by V. parahae-
molyticus.
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V. parahaemolyticus®l £ WYX <2lA= wagatsuma
N3 B x| Aol| A kanagawa phenomenon (KP)& ¥ ©.7]
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3. Kanagawa Phenomenon A3
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&kl 37CAA 18-24413F Bt vk 5 geho] F9jo|
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et
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el Aol 0% APTE Alsever's €9 APsto
3000x gell A 5&7F AAlEelste] @S AAE, 10 mM
phosphate-buffered saline (PBS, pH 7.0)Z H3I1E 3-43]
A ske] wiAoll 5% (v/v) BIE= H7bete] Alz=stsitt

4. tdh 2 trh gene A4

V. parahaemolyticus?I A1 TDHZ codedt= tdh 42 2
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Ak A gou TDHS #A4He TRH (W84 &
FAFEA)E codests trh AR BERAHE 2AMSH
18k, Wagatsurna ol shHuR] Aol A KP HHS- A
9 KP 24 W8-S ®HQ 59 Il E tdh/trh gene
B oARE 74E0}M——‘11 tdh AR F-E2 forword (5'-
GGT ACT AAA TGG CTG ACA TCC-3) %
(5'-CCA AAT ACA TTT TAC TTG GAA-3) %
198 bps % trh FAA F29 250 bps® primers
zhate] ARG8T Table 1).
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5. TDH A4 A&
V. parahaemolyticustt ¢l WE4-8E=5(TDH) AEY A=
RPLAY 22 KAT-RPLA kit (Denka Seiken Co., Japan)
ARESFATE RElE dFE CAYE-3 wiAlel HFata 37
Coll Al 18-24417F &< A=A vt % 3000 rpm 2 20+
7 AAEE F ASAS ADIHQ2 fold dilution)dte]
KAT-RPLA kit 2384
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Table 1. Synthetic Oligonucleotides Used in Experiment

i ' Amplicon
Target gene 5'-3'DNA sequence of primer size (ops)
tah F GGT ACT AAA TGG CTG ACA TCC 198
R CCA AAT ACA TTT TAC TTG GAA
trh F GGC TCA AAA TGG TTA AGC GCC 250
R CAT TTC CGC TCT CAT ATG CTT

F : forward primer, R: reverse primer

agglutination (RPLA)HS.Z AAetart. 43 342> I3
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A E87F v Jatexoll e SF-EHA & 232 latexol 3
3 A5 dAdor 77 latexol SHIA ¥ HAE S
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6. tdh gene 97144 £4

V. parahaemolyticus®l TDHZE encoding 8F= tdh A
o] d7IME A2 PCR A8 A tdh genes R4S 264
F FAAA AAERMAA E8E V. parahaemolyticus O3 :
K298 6¢E ddez HAASAY. Qiaex PCR purifica-
tion kit (QIAGEN Hilden Germany)Z& AM&ste] #lslx
ol FYPo= 3o, Algetich ARE-gE
71z38te] A28k, DNA sequencing
< FHA A7IME A EAN(ABI 3100 DNA Analyzer sys-
tem, Perkin-Elmer, USA)S ©]-83}o] Algd3}9ith

A A7IAE B4 A% PCR vHEE31E 10XPCR
buffer& < 5 uyl, ANTP mixture (2.5 mM each) 8 uL, 2.5 U
Taq polymerase 05 yuL 2 primer pair 1.0 uL (20 pmol/uL,
Table 2)°1 template DNA 5 yLE ¥ DD.W.2 HIZT &%
< 50 L= 319, 96°CellA 51 o] 7Fds $ 96Tl 20
% denature, 58°CollAl 40% annealing, 72°ColA 1% exten-
siong 35 cyclese HHE AAISFYTH

B A A Y el 599 97149 HBRE GenBankel

4235 fida 5% (GenBank No. D90100, 1990)¢] V. para-
haemolyticus TA750 strain % Nishibuchi 5 (GenBank
No. X54341, 1990)2] V. parahaemolyticus strain WP19] 4

71 Ite] 2folE Hlal A sk
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primer< Table 2%
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1. V. parahaemolyticus® 833 &

V. parahaemolyticus® O 2 K& EX & AAFSRbo A
2Ed B0 T oA 03:K98o] 617(24.0%)2 7 B
k3L, 03:K6F ] 415(16.0%), O1 : K328, O5: K178 o] 2}

Table 2. Sequences of PCR Primers Used as tdh Gene
Detection

Primer sequence (5-3) Positions
tdh" F  TAG ATT TTA TGA AAC CTG CCA TTC 211-234
R TGC ATT GGC ATG CAT AAA TTA GA 892-914

“tah gene:268-837 (lida et al,
parahaemolyticus T4750 strain)

1990. hemolysin from KP positive V.
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ZF 29 (8.0%) 2, O1: K20, O1:K38, O3:K31 T°l 7 & Xox= Fel=A At Table 3).
ZF 1734 157149 d3 8 EXE Bk 3] 199%6d 5
B FdolE HFE 0}01 A AAHoZ Fadsta Y= 03: K6 2. Kanagawa Phenomenon Al 3
ol 160% @at)7F 2= o] At fHFlA 2elel 25 V. parahaemolyticus®] KP W& Alg-2 A3zl 314
T HE wEE 02:K283, 03: K293, 04:K34% 5 oA 29 479 o575 tisia AAstglen, 7 A3
o] 717} 27 (8%)F o, O1:K32%, 01:K38%, 03: K318 & Table 49 2ottt WS To] g KP WSS AA}3A)
Sol 24zt 1t 187HA o) el @HY FixE mIloH, o @7 Bed REFAE 34 weS ngon A
H gaals 03: K6H S Halux] or 1’4— g Aol M e Kp w2 }‘E/\]'ﬁ'x]'oﬂ/ﬂ BeE B(rFE F
AArg kel @ol A EelE o] AP dEAHS 80 207F (80.0%)7F ¥4 wheS Hl:, dAo)A REw 25
% BEZ UERstow, AdAatekate] A —Erﬂ ¥ O01:K20, Oll: % mFoa 94 wee naiuh
K368 3AdA= B Zkomn AN Eeld
03:KUT, 05: K30, 08: K20, 08: K70, O11 : K50 5= A}
Table 3. Characteristics of V. parahaemolyticus Strains Isolated from Diarrheal Patients and Environmental Sources
Target genes .
Source Serotype No. of tested Urease KP TDH titer
tdh trh
Diarrheal patients O1:K20 1 — - + - —
O1:K32 2 - + + - 1,024 2,048
O1:K38 1 - - - - —
02:K28 1 — - + — -
03:K6 4 - + + — 512 - 2048
03:K29 6 - + + - 1,024 - 2048
03 : K31 1 - + + — 1,024
04: KA 1 — — — — _
04 : K42 1 - + + - 1,024
05: K17 2 — + + - 1,024 2,048
05: KUT 1 - + + - 512
010: K71 1 - - — — _
0O11:K19 1 - + + — 1,024
O11:K36 1 - + + - 512
OUT or KUT 1 - + + - 1,024
Shellfish O1:K32 1 — — + — —
Food O1:K38 1 - - - - -
Sea water 02: K28 2 — — — — —
Shellfish 03:K29 2 — - + — _
Fish 03: KUT 1 — - — _ _
Sea water 03: K31 1 - — _ _ _
Shellfish 04: K34 2 — - — _ _
Sea water 04 : K42 1 — — _ _ _
Fish 05: K17 1 — — — — —
Sea water 05:K30 q — _ _ _ _
Shellfish 05: KUT 1 — — + — —
Shellfish 08: K20 1 — - — _ _
Shellfish 08: K70 1 — — - _ _
Sea water 0O10: K71 1 — — - — —
Sish 010: KUT 2 + - - + -
Sea water O11:K19 1 — — - — —
Sea water O11: K50 1 — — — — —
Sea water & Fish OUT :or KUT 4 — — — — —
Total 50 2 21 26 2

“TDH titer was detected with KAP-RPLA kit
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3. tdh 2 trh gene A
V. parahaemolyticus® tdh gene Ro5F-E 4
TEE KP ¢4 WS Bl #F BTk KP
Rl 01:K208, 02: K288 2¢+(8%)E X&3h 88% (22
)N tdh geneol HEHJT S SAA ¥ 25T
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gene®| HZE¥ A THTable 3).
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Table 4. Kanagawa Phenomenon of V. parahaemolyticus
on Wagatsuma Agar with Sheep Blood Cell and Human
Blood Cell

Sheep blood Human blood
cell cell (O) Posit
) ositive

Strains Hemolysis (%)

+ - + -
Isolated from 25 20 5 80.0
Diarrheal patients
(n=25)
Isolated from 0 25 0 25 0
Environmental sources
(n=25)
+ : Positive, — : Negative

12 3 4 5M 6 7 8 9 10 1

198 bp — (SR

Figure 1.
trh gene. M, Molecular weight ladder; lane 1,
and lane 3, O1:K32; lane 4, Ot

from environmental sources serotype O1

S th(Figure 1).

4, TDH A4

V. parahaemolyticus®] WE3-8&=(TDH) A
AArgA | A RelE 259 FollA KP A ks
o tdh gened BA3IIL
< 1wl S%Toﬂ’ﬂ“ TDHE A/d3sh#] &kt
T3 oA 2EE tdh gened HF3 KP 4 W
250F RFelA TDHE A48k &tk TDH
A= AargAtell A EElE KP A rTolA & 512v)
2,048 714 =2 H7ME B ATHTable 3).
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5. tdh gene 97144 £4

tdh AR GNAME Aol AR 2w
V. parahaemolyticus O3 : K298 675 EFolMd U3 4
e AAeH, 1990 GenBankell =% Ilida (159
gete] @714 E vlao A= 100%S homology s H.$
S} Nishibuchi 5(16)¢] 29| tdh 4R F71AE H
WA= 645 9] guanine 913 adenine ¥ 674 9] ade-
nine $1Xl°l guanine & 239 A7IADolA dEFZtel| Ate]
& HYUH15,16). ol EUE v BAHFP V. parahae-
molyticust ] tdh T2 @714 D talAE Alg A7

S ays]ofo} st

M

M 1213 14 1516 1718 19 20 21 22 23 M

250 bp

PCR assay detects the tah/irh gene of the V. parahaemolyticus product size (bps): 198, tdh gene; 250,
Isolates from diarrheal patients specimens serotype O1
1K38; lane 5, O2:K28; lane 6, V. parahaemolyticus ATCC 17802; lane 7, Isolates
1 K32; lane 8, O2:K39; lane 9, O3:K31; lane 10, O4:K34; lane 11, O5:

1 K20; lane 2

KUT; lane 12. V. parahaemolyticus ATCC 27519; lane 13. V. parahaemolyticus ATCC 17802; lane 14, Isolates from
environmental sources serotype O1:K32; lane 15, O3:K31; lane 16, O3:K29; lane 17, O4:K34; lane 18, O5:K17;
lane 19, O8:K20; lane 20, O10: KUT; lane 21, O11:K50; lane 22 and lane 23, OUT : KUT.
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V. parahaemolyticus T4750"
V. parahaemolyticus WP2" ok
Isolated V. parahaemolyticus O3:K29T
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kok ok ok ok ok ok Kk Kk K
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kok ok ok ok ok ok ok kK k Kk Kk Kk K K K ok ok ok ok

kok ok ok ok ok ok ok Kk k Kk Kk Kk Kk Kk Kk k ok Kk K

k ok ok Kk ok ok ok kkk Kk ok ok Kk Kk Kk Kk ok Kk *

Kok ok Kk ok ok ok kokk Kk Kk ok Kk Kk Kk k ok Kk K

GAGATACAAC TTTTAATACC AATGCACCGG TCAATGTAGA GGTCTCTGAC

kok ok ok ok ok ok ok Kk K

kok ok ok ok ok ok Kk Kk K

kok ok ok ok ok ok ok Kk ok ok Kk Kk K Kk K k ok ok ok

kok ok ok ok ok ok ok ok ok Kk Kk Kk K K K k ok ok
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TTTTGGACAA ACCGTAATGT AAAAAGAAAA CCGTACAAAG ATGTTTATGG gog
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kok ok ok ok ok ok ok Kk ok Kk Kk Kk K Kk K ok ok ok *

k ok ok Kk ok ok ok kkk Kk ok ok Kk ok Kk Kk ok Kk ok

Kok ok Kk ok ok ok kkk Kk ok ok Kk ok Kk Kk ok Kk *

TCAATCAGTA TTCACAACGT CAGGTACTAA ATGGCTGACA TCCTACATGA

kok ok ok ok ok ok ok Kk K

kok ok ok Kk K ok Kk Kk ok

kok ok ok ok ok ok ok kK k ko k ok ok ok ok Kok kk kok Kk Kk kkkkkk Kk ok ok ok ok ok ok ok ok Kk

kok ok ok ok ok ok ok Kk ok k Kk Kk ok ok ok k ok ok ok ok ok Kk Kk kokokkkk Kk ok ok ok ok ok ok k Kk Kk

CTGTGAACAT TAATGATAAA GACTATACAA TGGCAGCGGT GTCTGGCTAT g

kok ok ok Kk ok ok Kk Kk ok
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AAGCACGGTC ATTCTGCTGT GTTCGTAAAA TCAGATCAAG TACAACTTCA

kok ok ok Kk ok ok Kk Kk ok

kok ok ok Kk ok ok Kk Kk ok

kok ok ok ok ok ok ok Kk k ok Kk Kk Kk ok ok ok ok k kK k Kk Kk Kk ok ok kok ok

kok ok ok ok ok ok ok Kk k k Kk Kk Kk ok ok k ok k kK k Kk Kk Kk k ok kok ok

wokkox Gk ok ok x
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ACATTCCTAT GATTCTGTAG CTAGCTTTGT TGGTGAAGAT GAAGATTCTA 700

kok ok ok Kk ok ok Kk Kk ok

kok ok ok Kk ok ok Kk Kk ok

Wk ok k ok kk ok ko Kk k A Kk kK Kk Kk K K KRR KKK K KK KoK K KKK K

ik kR k ko k ok ok ko k (GRK KKK K Kk Kk kKKK A Kk Ak K K K KK K K

TTCCAAGTAA AATGTATTTG GATGAAACTC CAGAATATTT TGTTAATGTA

kok ok ok Kk ok ok ok Kk K

kok ok ok ok ok ok ok Kk K

GAAGCATATG AGAGTGGTAG TGGTAATATA TTGGTAATGT GTATATCCAA 80

kok ok ok ok ok ok ok Kk k k Kk Kk ok Kk ok k ok ok ok ok ok Kk Kk kkkkkk Kk k k Kk k k k k k K

kok ok ok Kk ok ok Kk Kk ok
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0

kok ok ok ok ok ok ok Kk ok k Kk Kk ok ok ok k ok ok ok ok ok Kk Kk Kk kkkkk Kk k k Kk k k k k k K

CAAAGAATCG TTTTTTGAAT GTAAACATCA ACAATAA

kok ok ok ok ok ok ok Kk K

kok ok ok ok ok ok ok Kk K

kok ok ok ok ok ok ok Kk k ok ok ok ok ok ok ok K Kk ok

kok ok ok ok ok ok ok Kk k ok ok ok ok ok ok ok K Kk Kk

* ok ok ok ok Kk K

* ok ok ok ok K K

Figure 2. DNA sequence of V. parahaemolyticus toh gene operon nucleotide 268 to 837 (570
bps). “lida et al. (1990) KP-positive V. parahaemolyticus T4750 strain. Nishibuchi et al. (1990)
V. parahaemolyticus strain WP1. *isolated from human clinical specimens in V. parahaemolyticus

03: K29.
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(17)2 1998 4-H 2000 7}4] Dhaka, Bangladesh®] ICDDR
el AAgRb A el e6vr ol tlek @YY ol A
03:K6°] 42.4%, 04:K68°] 182%, O1:K56 6.1% & 177}
Aol Ry 2 WYk Buston FyoiE F 5(18)S
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