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Study on the Virulence Factors of the Pandemic Vibrio parahaemolyticus
O3:K6 strains

Vibrio parahaemolyticus is a halophilic bacterium frequently involved in outbreaks
of seafood associated gastroenteritis. New O3:K6 strains have been spreading rapidly
in Asian and many other countriesin 1996. In order to identify special factors
associated with these pandemic O3:K 6 strains, the infant mouse lethality,
lipopolysaccharide and protein profiles of new O3:K6, old O3:K6, new O3:K6-like
and environmental strains were examined in this study. Most of the selected new
03:K6 strains showed similar mouse lethality like reference strain ST550 and other
strains, with LDsp values ranging from 5.08 to 6.98L.og, and strain 1137 was the least
pathogenic one. The lipopolysaccharide analysis identified rough type in the selected
strains belonging to the new O3:K6 and other categories. Most of the strains showed
similar total protein profiles, except that the environmental strains from ltaly were
apparently different from other Asian strains. The new O3:K6-like strains, which
were genetically close to new O3:K6 strains by pulsed-field gel electrophoresis and
toxRS polymerase chain reaction, had at |east two protein bands different from the
new O3:K6 strains. A special 32 kDa protein band only existed in the new O3:K6
strains except strain 1134 and also presented in several environmental strains. This 32
kDa protein and some other protein bands changed to orange color when the gel was
stained with coomassie blue, destained and restain with silver strain and suspected to
be glycoprotein. However, Schiff staining did not show positive reaction. This study
showed that the new O3:K6 strains are probably derived from the Asian
environmental strains, and the special 32 kDa protein may have specia rolein
pathogenicity and spreading of this pandemic strain.

Keywords: Vibrio parahaemolyticus, mouse lethality, virulence factor, protein profile,
lipopolysaccharide, O3:K6
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0139
(V. parahaemolyticus)

(Chiou et al., 1991)

(Wong et al., 1992)
(Wong et al., 1993)
(Chiou et al., 1991)

70-84
1996
WTO APEC
Thermostable
direct hemolysin, TDH
TDH 189 signa
peptide tdh 97 Kanagawa
phenomenon(KP) tdh tdhl  tdh2
1.3 27kb  Hindlll (Nishibuchi and Kaper, 1990)
TDH  tdh2
(Nishibuchi et a., 1991; Nishibuchi and Kaper, 1995) KP
16 tdh
(Yohet al., 1991) tdh

insertion sequence-like elements



tdh (Terai et dl.,

1991) KP- TDH
TDH related hemolysin - TRH urease
Okudaetd., 1997a TRH tdh Kishishita
etal., 1992
O3:K6
82-84 1997
K K15 19% K8 14% K29 13% K56 9%
K3 7% K6 0.96%
K15 K8 86
K6
K6 O3:K6
O3:K6

Wong et a., 2000b

O3:K6 toxRS  1346-bp 7 base 0O3:K6
Matsumoto et al., 2000)
10 0O3:K6 O3:K6
pandemic 0O3:K6
K6 0O3:K6 1996
Okuda 1997b arbitrary-primed(AP)-PCR
PFGE
K6 PFGE 11 I5
K6
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0O3:K6
0O3:K6
160 O3:K6
PFGE | type 108
13 10
0O3.K6
0O3:K6
O3:K6
clone Nishibuchi
o1
1996
Lipopolysaccharide (LPS)
LPS
V. wulnificus

LPS

Hexadecenoate (C16:1)

smooth nature
KDO

1

O3:K6
| type O3:K6

PFGE

1992 0139

pandemic

endotoxin

Bahrani  Oliver 1990, 1991

electrophoretic pattern
2-Keto-3- eoxyoctonic acid(KDO)

lipid A
LPS LPS
Han Cha 1991
LPS rat
McPherson

mice



etal., 1991 0139 O1

LPS Stroeher et al., 1997; Waldor et al., 1994
flagellar H somatic O
capsular K K pentoses hexoses hexosamines
100°C 1-2 K
somatic O @) glucose
galatose glucosamine heptose phospholipids fatty acid ester
Han Chai 1992 O-specific lipid A
core region doubl et ladder band
Stype LPS R-type LPS Iguchi et a., 1995
LPS 0O3:K6 LPS
PFGE
0O3:K6 LPS
Capsule
phagocyte Jann and Jann,
1992 transposon
Zuppardo
and Siebeling, 1998 0139 @]
O1 Comstock et .,
1995 Waldor 1994 0139

migrating patterns 0139
Sengupta et al., 1996

0O3:K6
Chang et a., 1998 O3:K6
Nakasone et al., 1999
TDH titer Wong et al., 2000b

toxRS bases
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O3:K6 TDH

O3:K6
O3:K6
LPS Liposaccharide(LPS)
0O3:K6
LPS LPS
0O3:K6 0O3:K6
protect
-85°C tryptic soy agar-3% NaCl tryptic soy
broth-3% NaCl 37C
LPS
LPS
acetone
phenol-water phenol
proteinase K Rnase Dnase
105,000xg
LPS Dooley et al., 1985; Han and Chal,
1992 Hitchcock Brown 1983
proteinase K LPS

silver stain
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LPS

Han Chai 1992 SDS-PAGE Separating gel  12.5%
acrylamide 4M urea Stacking gel 4.5% sample buffer 4 mM EDTA
Stacking gel 110V separating gel 250V Silver stain LPS

Hitchcock and Brown, 1983 rough

smoothtype LPS

Wong et al., 1998
1-D Polyacrylamide gel electrophoresis (PAGE)
per 100 ml 10 ml TBS buffer (0.41M Tris, 0.4 M boric acid,
1% SDS, pH 8.64), 5 g glucose, 185 mg EDTA, 5 ml 2-mercaptoethanol, 1.9 g SDS,
and 5 ml glycerol (Dascher et a., 1990) boiling
PAGE

Schiff Schiff reagent

1 g basic fuchsi add to 200 ml H20, heat in microwave oven; 5 ml 2N
HCI; 3.4 g sodium metabisulfite, stir overnight at 4C in the dark; 5 g of activated
charcoal added, for 1 h, remove the charcoal by filtration; 2-3 ml of 2N HCI added
(until asmall drop of reagent would dry to ametallic yellow by flaming on a glass
side); stored at 4C in dark and used within 2 week

40% ethanol 5% acetic acid 20 7.5%
acetic acid 0.2% periodicacid  4C

Schiff reagent 4C
bisulfite 10 g N&S,0s, 8.25 ml conc.HCI, 1L H20 7.5% acetic acid

suckling mouse assay Wong et al., 1996, 1998
0.1ml Evans
blue 2-4 suckling ICR mice
L Dso
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10 0O3:K6 8 6

0O3:K6 1996 12 0O3:K6
toxRS PCR PFGE 1
ST550 Dai et al., 1998
TDH 0O3:K6
TDH TDH Wong et al., 2000
0O3:K6 TDH
0O3:K6 TDH 0O3:K6
2
5.08-6.98Log
5.68Log 3 5log 1137
6.98 3 6log
1 1137

0O3:K6 ST550 O3:K6

03:K6

0O3:K6 11 15
PFGE
0O3:K6
0O3:K6 PFGE I 1 LPS
0O3:K6
0O3:K6 coomassie blue 2-3
O:K6 32 kDa band 1134

0O3:K6
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coomassie blue methanol

silver stain
coomassie
blue 32 kDa
1062 4 1413 1414
32 kDa 6
5 35-55 kDa bands
O3:K6 1134
O3:K6 1181 1182 1184 O3:K6
32 kDa 5-6 O3:K6
O3:K6 35kDa 43 kDa 5
4
5
O3:K6
coomassieblue  silver stain glycoprotein
32kDa
Schiff base 32kDa
bands 1412
80kDa 6 band 32kDa
Schiff base lane
data not shown
LPS
LPS LPS Silver
stain LPS smooth
rough band

7 0O3:K6 LPS
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1

Table 1. Vibrio parahaemolyticus strains used in this study.

strain no serotype outbreak-date location new rev3d TDHtiter toxRS-PCR
New O3:K6 strains
1092 03:K6 5/13/97 Taichung 15 256 ND
1094 0O3:K6 5/13/97 Taichung 11 ND ND
1121 0O3:K6 6/25/97 Miao-Li 11 256 ND
1131 0O3:K6 7122197 Yun-lin ND ND ND
1132 0O3:K6 7122/97 Yun-lin 11 512 ND
1134 0O3:K6 8/17/97 Taichung 11 512 ND
1137 0O3:K6 9/7/97 Yun-lin 15 256 ND
1211 03:K6 Unknown Unknown 11 ND ND
1285 03:K6 5/4/99 Korea 11 ND +
1301 03:K6 7122/96 Taichung 11 ND +
Environmental strains
1025 ND 11/22/97 Thailand ND 0 ND
1036 ND 12/24/97 Hongkong ND 0 ND
1051 ND Unknown Indonesia ND 0 ND
1062 ND Unknown Hongkong ND 0 ND
1074 ND Unknown Vietham ND 0 ND
1412 ND Unknown Italy ND ND ND
1413 ND Unknown Italy ND ND ND
1414 ND Unknown Italy ND ND ND
Old O3:K6 strains
1174 0O3:K6 Unknown Japan A3 ND ND
1180 0O3:K6 Unknown Japan A3 ND ND
1181 0O3:K6 Unknown Japan Al ND ND
1182 0O3:K6 Unknown Japan Al ND ND
1184 0O3:K6 Unknown Japan A2 ND ND
1304 03:K6 8/11/96 Taichung A8 0 -
New O3:K6-like strains
1246 04:K68 8/4/99 Japan 112 64 +
1247 04:K68 8/4/99 Japan 12 64 +
1259 0O1:K25 5/13/99 Kaohsiung 11 64 +
1263 0O1:K25 10/27/98 Singapore 11 64 +
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1264
1265
1267
1346
1347
1362
1363
1377

O5:K68
O5:K68
01:K25
01:K25
01:K25
O5:K68
O5:K68
04:68

10/27/98
10/27/98
10/27/98
9/27/98
9/27/98
6/6/99
6/6/99
7/5/99

Singapore
Kaohsiung
Kaohsiung
Taichung
Taichung
Taichung
Taichung
Bangladesh

64
64
32
64

128

256

128

256

ND
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2 0O3:K6

Table 2. Killing of mice by new O3:K6 strains of Vibrio parahaemolyticus.

/ I ]
10" 1 2 5 6
0 130 400 415 430 430 445 424
10de 1 450 450 505 535 6'35 6'35 515
2 540 6'40 825 910 1040 | 1125 840
3 1131 | 1346 | 1446 | 1946 | 21'16 X X
0 345 400 400 430 430 445 415
11211 428 443 458 458 528 543 503
3 837 852 952 X X X X
0 348 348 403 418 503 503 420
1142 1 357 357 427 442 527 542 442
2 754 839 854 1039 | 1324 X 11'00
3 850 935 1120 | 1350 X X X
0 257 357 357 427 527 542 424
11341 353 408 508 523 523 523 505
2 249 404 434 434 919 X 504
0 540 555 555 640 640 6'55 617
11371 6'36 706 836 936 1106 | 1306 921
2 846 1129 | 1301 14'16 X X X
0 327 346 350 411 415 410 412
1 433 503 518 533 533 548 518
ST55@ 624 624 709 724 739 739 713
3 913 943 1043 | 1113 | 1143 | 1243 11'23
4 1023 | 1053 | 11'08 | 1523 X X X
0 ODgoo dilution plate count
8Log 0.1ml X
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3

O3:K6
Table 3. The LDsg values of different new O3:K 6 strains of Vibrio parahaemolyticus.

PCR LDso,L0g
1092 + 5.61
1211 + 5.25
1132 + 5.49
1134 + 5.08
1137 + 6.98
ST550 ND 5.44
5.68
PCR O3:K6 PCR ND, not determined.
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No. Mouse Killed

1 0O3:K6
Fig. 1. Lethality of mice fed with different new O3:K6 strains of Vibrio
parahaemolyticus.

1092

1211

1132

1134

1137

&8T550
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2 coomassie blue 1
Fig. 2. Analysis of protein profile of different Vibrio parahemolyticus strains after
coomassie blue staining (1).
Lane 1, 1094; 2, 1092; 3, 1121; 4, 1132; 5, 1134; 6, 1137; 7, 1181, 8, 1182; 9,
1184; 10, 1377; 11, 1363; 12, 1362; 13, 1265 M, markers (Gibco BRL),
10,15,20,25,30,40,50,60,70,80,90, 100,120,160, 220kDa 20 50kDa
Lane 1-6, new O3:K6; 7-9, old O3:K6; 10-13, O3:K6-like strains
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Fig. 3. Analysis of protein profile of different Vibrio parahemolyticus strains after
coomassie blue staining (2).

Lane 1, 1094; 2, 1092; 3, 1121; 4, 1132; 5, 1134; 6, 1137; 7, 1181, 8, 1182; 9,
1184; 10, 1377; 11, 1264; 12, 1263; 13, 1259; 14, 1247 M, markers (Gibco BRL),
10,15,20,25,30,40,50,60,70,80,90, 100,120,160, 220kDa 20 50kDa

Lane 1-6, new O3:K6; 7-9, old O3:K6; 10-14, O3:K6-like strains
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Fig. 4. Analysis of protein profile of different Vibrio parahemolyticus strains after
coomassie blue and silver staining (1).

Lanel, 1134; 2, 1094; 3, 1092; 4, 1121; 5, 1062; 6, 1051; 7, 1025; 8, 1181; 9,
1182; 10, 1184; 11, 1377; 12, 1363; 13, 1263; 14, 1246 M, markers (Gibco BRL),
10,15,20,25,30,40,50,60,70,80,90, 100,120,160, 220kDa 20 50kDa

Lane 1-4, new O3:K6; 5-7, enviromental; 8-10, old O3:K6; 11-14, O3:K6-like
strains
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Fig. 5. Analysis of protein profile of different Vibrio parahemolyticus strains after
coomassie blue and silver staining (2).

Lanel, 1094; 2, 1092; 3, 1121; 4, 1132; 5, 1134; 6, 1137; 7, 1181; 8, 1182; 9,
1184; 10, 1377; 11, 1363; 12, 1362; 13, 1265 M, markers (Gibco BRL),
10,15,20,25,30,40,50,60,70,80,90, 100,120,160, 220kDa 20 50kDa

Lane 1-6, new O3:K6; 7-9, old O3:K6; 10-13, O3:K6-like strains
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Fig. 6. Analysis of protein profile of different Vibrio parahemolyticus strains after
coomassie blue and silver staining (3).

Lanel, 1134; 2, 1121; 3, 1132; 4, 1137; 5, 1412; 6, 1413; 7, 1414; 8, 1377; 9,
1363; 10, 1362; 11, 1181; 12, 1182; 13, 1184 M, markers (Gibco BRL),
10,15,20,25,30,40,50,60,70,80,90,100,120,160, 220kDa 20 50kDa

Lane 1-4, new O3:K6; 5-7, environmental strain; 8-10, O3:K6-like strains; 11-13, old
0O3:K6
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Fig. 7. Analysis of lipopolysaccharide of Vibrio parahaemolyticus strains.

Lane1l, 1094, 2, 1092; 3, 1121; 4, 1132; 5, 1134; 6, 1137; 7, 1181, 8, 1182; 9,
1184; 10, 1377; 11, 1363; 12, 1362
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