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Characteristics of the Virulence Factors of
Pathogenic Vibrios Isolated

from the Environment

Chil-Seung Kwon

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Pathogenic vibrios were 1solated from Gwangan Beach in Busan
and Kamak Bay in Yesou located on the southern coast of Korea
from June, 2001 to September, 2003. A total of 174  pathogenic
Vibrio strains were isolated from Gwangan Beach. The isolated
vibrios were composed of 7 different species: V. parahaemolyticus
(64/174), V. cholerae non-O1 (35/174), V. alginolyticus (31/174), V.
vulnificus (22/174), V. fluvialis (17/174), V. hollisae (3/174), and V.
mimicus (2/174) on order of large magnitude. Among the 174 Vibrio
1solates, 107 strains (61%) had hemolysin, protease or urease
activity. According to the experimental results, the major phenotypic
virulence factors were different in the Vibrio species, such as
protease in V. parahaemolyvticus, hemolysin in V. vulnificus, and both
in V. cholerae non-01l. However, no urcasc—positive Vibrio strains

were isolated in 2001 and 2002, and only one strain (V.



parahaemolyvticus S25) was isolated in 2003 from the scawater of
Grwangan Beach. From Kamak Bayv in 2002 and 2003, a total of 92
V. parahaemolyticus strains were isolated. Among them, 12 strains
were  protease-positive  and 5 strains  was  urease—positive. V.
parahaemolyvticus YKB4 and YKBI4 were isolated from seawater,
YEB20 from black rockfish {(Sebase schiegeli), and YFO 21 and
YFOZZ from olive flounder (Paralichthys olivaceus). Therefore, a
total of 6 ureasc—positive V. parahaemolvticus strains were isolated
from the environments of Busan and Yeosu in 2001 and 2003.

The six  urease—positive strains (V.  parahaemolyvticus YKBA4,
YKBI14, 525, YFB20, YFOZ1, and YFOZ2) did not show hemolysin
and protease activity, but showed the identical biochemical
characteristics as a reference strain, V. parahaemolvticus KCTC2471
(urease—negative), cxcept in urease production. To examine the
presence of (rh/tdh in the 6 urease-positive V. parahaemolyticus
strains, PCR was conducted with VPD (specific for tdh detection)
and VPR (specific for trh detection) primers. No strains, however,
showed the amplified DNA band corresponding to tdh or trh.

They showed different urease activities in their culture supernatant
during the growth phase. The urease activity of S$S25 increased
sharply at the exponential phase, and was highest at the initial
stationary phase, it was kept until the late stationary phase. The
other 5 strains, except V. parahaermmolyticus 525, showed urecase
activities at the mid stationary phase and increased steadily until the
late stationary phase, when the urease activity was at its maximum.
The addition of urea to the Luria-Bertani broth medium significantly
affected the initial production of urease in V. parahaemolvticus
isolates.

The hemolysin activity in the culture supernatant of V. cholerae



non-0O1 FM 33, FM49, and FM62 decrecased with an incrcase in
protease activity., The crude protease fraction directly affected the
activity  of the crude hemolysin. We thus concluded that the
hemolysin produced by V. cholerae non-0O1 was digested by its
proteasc.

Hemolysin activities of V. vulnificus (FM29) and V. cholerae
(FM62 and FM49) appeared 2-3 times higher in the presence of
ferrous iron (Fe™') in the reaction mixture, although K', Na', Ca®,
Mgg‘ and Zn”" did not affect the hemolysin activity compared to the
control. To study the effect of ferrous iron (Fe*) in vivo,
hemolysin—positive strains were injected intraperitoneally into groups
of 10 cach of ICR mice (7- to 10-week old males) treated with
iron—-dextran (ferric hydoxide dextran complex). The mortality rate of
the iron—dextran treated group was over twice that of the
non-treated group. And also, the results of hypodermical injection of
hemolysin, protease or urease positive strains in iron-dextran treated
mice showed that ferrous iron (Fe’) influenced significantly
hemorrhagic action by hemolysin in the hypodermic capillary vessel.

From rapid detection of pathogenic vibrios by a polymerase chain
reaction (PCR), VFI/VRI1 (svnthesized primers for V. vulnificus
hemolysin gene) and VCTI1/VCT2 (commercial primer for V.
cholerae ctx) could detect effectively the hemolysin gene and cholera
toxin gene, respectively. The 14 strains of V. vulnificus (H6, H19,
H34, H40, H41, H42, H60, H64, FM29, FM33, FM35, FM54, S50, and
552) showed an amplified 361 bp band corresponding to hemolysin
gene from PCR using VF1/VRI1. Among them, V. vulnificus S50 and
552 did not show Kanagawa phenomena, a zone of beta-hemolysis
around the colony on a tryptic soy agar (5% sheep ervthrocytes)

plate. Then, anv strain of V. cholerae non-Ql1 isolated from the



present study did not show specific DNA bands, while V. cholera El
Tor and V. cholerae 0139 showed amplified 307 bp bands
corresponding to ctx (cholera toxin gene).

In order to compare the degree of virulence of Vibrio isolates with
various pathogenic factors, hemolysin, protease, or urease-positive
strains were injected into groups of 10 each of ICR mice (7- to
10-weck-old males). The mortality rates by urease-positive V.
parahaemolyticus YKB4, YKBI14, and 525, were significantly high, at
60-80%. Protease—positive V. parahaemolyticus FM39 and FM50
showed a 40% and 60% mortality rate, respectivelv. However,
hemolysin-positive V. parahaemolyticus (S34 and S72), had no
mortality, like the non-pathogenic V. parahaemolyticus KCTC2471,
while V. vulnificus (FM29) resulted in a 40% mortality rate.
Mortality of ureasc-—positive V. parahaemolyticus strain in infected
mice occurred within 12 hours of infection, and the vibrio strains

could be isolated from the viscera of the injected mice.
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Vibrio spp.)@l Ayt wo Al @l ol 27]17b4] ok
ool A Farste], HztA] W Al dow 400 F o] Ly gle
o FHdell wjAlEe] Kl - SR Ee] gt wa AR Fo] A
el A A E L vk #HAZA] S e 4001F e ulEeQ Fol
A Q1A el Ak AR BAY)E A= AL V. parahaemolvticus, V.
vulnificus, V. cholerae non-01, V. cholerae, V. fluvialis, V.
mefschnikovt, V. cincinnatiensis, V. hollisae, V. damsela, V. furnissii,
V. carchariae, V. mimicus % 12253 XM ¢lovy (Cary ot al,
2000), Hojxolit whulAl i g AAEE vREgedE HuyHT
AT (B &, 1993).

ole{ gk M Bt oAk, ¥, okxeEl gt ol 5 HAWS
1*119]'5]“ HoAAle] dgke] Fxsa glow, 53] AMdFE 2AY

w B2l

1L
o Sduetel A o ol F oW ey mnee FoR Aae A
VR glel sl $1Ee WA vk (b 5, 1994). JefA e gl

o] Al F o Qlsle] &4
Qraf ol Al el Myt 4 el FelsiA o

Fejutetel A 7 FAlZE dHe wYgA nEgeste V.
parahaemolyticus (74 A¥ B2l L), V. vulnificus (P35 vEgR) V.
cholerae (Zdett) FolH, o|E WY vHg ool oa 7Hd= 4
2l A s B 4 g3iEge] #3 dr 2ol Wane] g (3
1, 1977 A3, 1977 A2 A, 1978 3§, 1986, 5, 1986,
1998).

197951 A5 FHoll Ayt A el A Hdd3 3x7F Vo vulnificuse 7+
ylof A IR AAIE FHbEOl APRSE o 7F doloen, @ajei= ¢l
OT T E A ok M EE Aol WSt ALS Ao R AA FA A

ol 2}, 1933 V. vulnfficusehy: ol g o H-aj= v}l #y 19973 5
E1 20037441 & 297w e Al tAstd L, 1 F 151 o] Apwet

k]

ol



Aows Al poaye] 2y &S 508%% ) es] o FH < ro = 3k}
Greb Apwb bl Fvbekis Aot (B 2000; %UE% g w5 2004). w31
Grovoll s v ] 9w El Fol 2 AAES LEYl e 24 2000 89‘
S A3 A deRes Paetal dow, uid ¢lcke] FAlEw
sl i3 mARE AAlste] o] BHolA olite] HAEHW Fo
Wl skal vk (Y E ALY Bg et 2000; Division of Bacterial
Respiratory Infection, KNIH, KCDC, 2004).
ekt (V. cholerae) €A $Evtel wAdAE
Aoew (sFEHEAY H g 2000, W AIFTS
vl o gtelr} (=24, 1989). Edel= &3 01 d%
f19le]l = FaAAd Aoz 1l bl A g
Ko 199561 684, 2001 1629 ol ek Hlw A @ ghabsh 7hzh aa
shelar, 1996, 1997, 1999w 2 2002\ =ol %= wid 107 o]3le] 3t
Ap7F kA et H} AE (A e A 2004). o]ef o] S
ol falo] obvr e svpct b om 3kxbv) o
© w9l o AR shet A 2] o] g 1o A #?ﬁﬂ TTLXW} A
Al el Aow FAAC AA pag=e iz M 7]
dellA Fdlet f191de] Bl iz Aldl sl AW Bl B W=

o]
o]

m[:

e AR FE5 RuE Qo
ZeldtiE ol HEH MAHQ Faol 2 Ad sEEHo 9low 1961
ool oy ?\] ololl A V. cholerae O1 biotype El Tor7} d¢lo]l o] Az}

f A T o] obzalgh, Bytebalol, Aebalel FH A QY5
itk ol AL 1991WE 1994de) AANE AFAA Feest
WS BRE T RN T FAstath 1elw 1992delE 9
LA ez AR dHY F 01390 od Zeest WAl

vEeAS ARAN Fas deder, 2 F Asl Faohor A
o

-

A WA} V. choleraes= ©F 20074 el O (somatic) 3
Pz glovt 33 013 01397e] et d-F-ala dHo] <l
= Ao w vaye] v} (Kaper et al, 1995; Reidl and Klose, 2002).
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b, sJeferd v AslskA A Ae V. cholerge®t 2 %] skAnt 01 @E
el @A ohis & V. choleraest FESIY] V. cholerae non-Ol
(o] d 7k A3z non-0Olo]et &gl ot O139¢ 2gh ot fFale] <]~
A HAi: Ol £ 0139 g8 Aol A 2y 7S V. cholerae
non-0Ol/non-0139s YehHar ¢12) Y= Non-agglutinable (NAG)
Vibrioel % shi=c] (Kaper et al, 1995; Nandi et al., 2000; Stinc et al.,
2000; Singh et al., 2001; Reidl and Klose, 2002), V. cholerae non-0O1
= FdlEr A #dEe] gl Ados el o] gt A
TEA] 1A o B AA FA7F HA @ des Aye] ghoy of
of WelAde #3 nax AR tHChaudhuri et al., 1992; Pal et al.,
1992; Saha et al., 1996; 74, 1997, Barbieri et al., 1999; Nandi et al.,
2000).

22l 3 V. parahaemolyticusy= F-2l U eloll Al A gl oz 4 AHE o] g
= V. cholerae O13 V. vulnificus$ty d@a AF5do2 RH571 9
Uk, V. parahaemolyticus©l 2|3t AALE A Ao} &2 o g
HAE L glal, feydd A drdetel Aty g Eo] 3
Newm Hdelite] bR oA ArHEE o], 1990; &3 o 1992 F
o, 2000, Wong et al, 2000; 4, 2001, " 5 2001, & 5, 2002).

HjE ] @ &l b Alitol olngh dWlE fitel YAEA A
hemolysin (Miyvamoto et al., 1969; Honda et al., 1985; Ichinose et al.,
1987), protease (Kosary and Kreger, 1985), phospholipase (Edward et
al., 1984), cytolysin (Gray and Kreger, 1985), siderophore (Simpson
and Oliver, 1983; Payne and Finkelstein, 1978), cholerae toxin (Kaper
ct al, 1979, Iwanaga and Kuyyakanond, 1987, Herrington et al.,
1988), urease (Oberhofer and Podgore, 1982, Honda et al, 1992
Kaysner et al., 1994; Suthienkul et al., 1995) % the¥st # A9 =47}
Frofdle Zow dex At L FolA= oﬂ"é H 2 el oo e
Ao 7hd B H o R olfy = dEAS Az = gl g A
oA HAHE gafsted Fwg §¥88S dAs= Kanagawa 174



(Kanagawa phenomenon, KP)2l 571 7|50l ¥oj2lv} (Joseph et

al, 1982, Takeda, 1983). Zro|n} }]Joﬂ = KPP 49 V.
parahaemolyticus?t 4 gL E B s o, Boldt A olE o
- urease—positive?l Ao Hax ) (Abbott et al, 1989, Eko,
1992; Honda et al, 1992, Hug et al, 1979; Jegathesan and
Paramasivam, 1985; Kaysner et al, 1994; Kelly and Stroh, 1989; Lam
and Yeo, 1980; Magalhaes et al., 1991, 1992; Oberhofer and Podgore,
1982; Suthienkul et al., 1995; Osawa et al, 1996; Okuda et al., 1997).
st FH 2ol & V. cholerae non-OlFd A% FHels4a FHAE 71A
U Qs ASU A5 HusHa oo s opvje e 2
A" erar st (A, 1997, Park et al., 2003),

A7k A gglvke) dAgrel A WA vlEe e e At 3 7
(1977)2 A <d<te] a9 F2rEANA V. parahaemolvticus®] %9}
A Ho halA Hasklar, 7 5197 V. vulnificus®] 3o o
A wastAn ol# st AF AXE W V. parahaemolyticusi= ]
w2 H kel sy H FAME A A&y A, V. ovulnificus®
v & {dE3N S = V. parahaemolyticus Bty SE7] = shx b of B2l A
o] d <IjkellM HEEMW, 53 A3 ik AYeA e o=
HusSdrh A (19972 ek & 4o oisle] s vBg g #ALE

o V. cholerae 012 @d&5HA %oy V. cholerae non-01, V.
parahaemolyticus % V.  vulnificusye  AEHEHQx, 53 V.
parahaernolyvticus?t 7Fd HJE&E 8o =dTiar B astS o

ol zre],  f-Eutet  QldtelAM HYA HlEEed F OV
parahaemolyticus, V. vulnificus @ V. cholerae non-012] 23] ] 3]
Ay Bl ¥ Agv d8Eeia, 1 odgs AuA g g 9
oh 2y MM wBgled Fols vE 43 F oo EE
Sol AlEHor ¥t Jdx, = T e deAA] U AR
WMol F7F sst L s o] Aol A vl HE: Sl Az AEE ¥
Al B e @ gte] Ry mAo] gk ol4ti= vjnEk A Aot
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O
off 5 9gh s AlFshy] flsbe]. 20019 RE 2003d 74 dlokE
ulbel glgio] et 9lo} skHAde] Qe FAk adoke] At 49}
b2l A Ayl oAl shupnte] dlg wl o Foll A A |
He Qg date gl Aiels WEolAE £Asksh B8] #
2l¥ FFE Ao s hemolysin, protecase %! urease A patterne
ZA}elal, hemolysini} protease®] 433 A, hemolysinol] th gt SFo| &
of g WA MHEAEHE AESL, of&e] vy P wHe e
e R FEFHEY V. parahaemolyticus o)A hemolysin® protease <

Aol el HAAdE e urease A V. parahaemolyticus
o) Astets 54 TR g ANSAL APt 2ig nue)

= vpol .



1wz 9 Aok

BUA HEgeds EddeAdsty] st A& wiA & Difco Co.
(USAYAIZF o5, =98 oxg= HEuA (1% peptone, 05% NaCl), %
el 2] 2 3= thiosulfate-citratebile-sucrose (TCBS) agar, B <F8 uvfA]
53 heart infusion (HI) broth®} Luria-Bertani broth& ARS8}k

Hl B 2] @ w29 hemolysin A4t B8 #2138ty Yéle] tryptic soy
agar (TSA, 5% sheep erythrocytes) (Micromedia Co. Korea),
protease it H-E 93571 984 skim milk agar (Difco Co.
USA), 29131 urease A4t i-& @9lst7] f8A urea broth (Difco
Co., USA)E AF&3FA UL

[ron-dextran (ferric hydoxide dextran complex)& ¥®] &3k 7} ko] &
w9 A% Sigma Co. (USAYAES A}E3F9 21 polymerase chain
reaction (PCR)-& wWHS- buffer ¢l Perfect Premixi= Takara Co. (Otsu,
Japan) ZH5-H -} eke] Algahsdch

2. AMEAF 9 A FE

Urease o4 X9 V. parahaemolvticus KCTC2471¢} urease %
A B35 Proteus vulgaris ATCC6380-8 =W 8t 19 AME
A A (Daejeon, Korea)oll A4l 799t 2™, cholera toxin #4= 4
Z UxdTRe FAWE N AEsta AEnAE AFdd HE F
Q1 V. cholerae non-0O1 El Tor, V. cholerae O1397F 2 V. cholerae
non-0O1 CT (Park et al., 2003)& Al&stgTt

In vivo 54 H7to A4L28" ICR v}$-2 (7-10 week-old males)i=
&AL (Busan, Korea)oll 4 Q)b AF&-ahaiv)

a

_.TO_



3. %A A4 PES Y9 primer
V. vulnificus®t hemolysin A2 1155 913 primerss  Yamamoto

et al. (1990)8] =& Edi forward primer VFI (5'-GCC GCA
CTT AGA TTG GTC CA-3¢ reverse primer VRI (5'-TAG
CAT CCA AGC TCT TGG CG-31% 54 (MicroNet Co., Daejeon,
Korealste] ARSI 0, V. parahaemolyticus®] hemolysin 4 2}
tdh  HA&4  primer®!  VPD-1/VPD-2, #hE #HAEL  primer?)
VPR-I/VPR-2 Z1g7 Cholera toxin  ®3A  (ctx) HEH
VCT-1/VCT-2 &2 Takara Co. (Otsu, Japan) 258 7 sho] A& 35}
At

. 283y

Lowtel ¥ % ¥4

2001 6€HE 20039 949 74A 3 ASHS FAHOE Rk F
obef alreh of g hEhdk s Bl ofF (A B xyjuel) g2 A
et Had dHelede) Feo - BHE 2l (Fig. 1) (FDA,

1992; Holt et al, 1994). ## 3 &4 membrane filter (pore size
045 m) (Millipore Co., Bedford, MA, USA)® ZF oA o37so
dyrshdo. syl Ao} my|Ee Feo] o8 30ge  phosphate
buffered saline (PBS) 270 mL2 vl#8t4 fish homogenateE %3}
Yt 939H membrane filter ¥ fish homogenateE HEulA (1%
peptone, 0.5% NaCDell H&sA37ColA s SoA7 o s, S
HE AHefARl TCBS g ute] w=zsle] 37T A 2443 vk}
T, HE Aol HAE A0 g By FRUE dd9dte] AgE
AL T £ M dgd 7t 59 22YE YA heart infusion (HID
broth (Difco Co., Sparks, MD, USA)el| #&Est ZA17 o8, 1 &
oS- 05 McFarland suspension (bioMéricux Co., Marcy 1'Etoile,
France)} Fd3t gtz A5 APl 20E $+ API 20NE



Sea water (2 L) Fish (30 g}

l l
Filtration by millipore Homogenation with
(0.45 m) phosphate buffered saline

Inoculation the filter and homogenate in peptone medium
(1% peptone, 126 NaCl)

Incubation forl 18 hr at 37C
Spreading on TlCBS agar plate
Fishing green oi vellow colonies
Biochemical Charact{arizati()n by API kit
Validation of hemolysin, p{oteade and urease activity

Selection pathogenic vibrios

Fig. 1. Schematic diagram of pathogenic vibrios.
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(bioMérieux Co.. Marcy ['Etoile, Franceoll #dEskar 37T A4 18-24
AlzE weksk & APL LAB DPlus (bioMéricux Co., Marcy ['Etoile,

France) A Ego] s whigslovt,

2. 48 W5AA (phenotypic virulence factor)e] A4 2

g4 4

i

2 -1 Hemolysin &4}
Hemoysin®] AAAIE 2 2+ TSA (5% sheep erythrocytes)oll paper

(5
disk (Toyo, 8 mm, Tokyo, Japan)S i, 3 8] A AL 40 pl. &

UAIA 3TTCoAM 244 2F WEAZ] $of, disk F¥el A4S Eag g
£l U e

o] Ayl 72 hemolysin A F 2 #HHsdvl. 93§
J o kg A AL a
Sd3dog -‘Ti’r‘éﬁ} L]r (Osawa et al, 1996) (Fig. 22 A).
Hemolysing4 2] 4% A Tang et al. (1994)¢] L wadle] A}
235t #4890 (10 mM Tris-HCl buffer (pH
NaCl, 0.04%% NaNsi, 0.01% bovine serum albumin) .= ¢
54 (hemolysin 3 8)3) 1% WMot A48 375 FaF £¢ste] 37CAAM 1
AlZE HEGAIZL & Alde] (3000 xg, 5i)sle, Aol HAAE 540
nmel 48] FHE= f%“éﬂﬂ AlgA e 2AAY (Fig. 3), $+489 4
ATRAE 1% Y E

EAE 1% WY NETeh AYIAEAL [1Z g S A8

tt.



(A)

(B)

LT - ,m@’

o

(C)
Fig. 2. Confirmation of hemolysin, protease and urease.

{A) hemolvsin on TSA (5% sheep ervthrocytes) plate

(1) Proteolvtic activity on a skim milk agar plate
10y Urease activity in urea hroth
I DWW 20 culture supernatant (10 Ly 3 erude toxin fraction (40 pL) prepared with 60%

ammonium sulface.



Reaction buffer (990 uL)
+ (10 mM Tris HCI buffer, pH 7.0,
140 mM NaCl, 0.049 NaNj, 0.0196 BSA)
1

Culture supernatant
(10 uL)

Adding 1% sheep erythrocytes (1 mL)

Incubation for lhr at 37T
!

Centrifugation (3,000 xg, 5 min)

—

Supernatant ppt
l
Absorbance at 540 nm

Fig. 3. Procedures for hemolysin activity assay.
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2 - 2 Protcase ¥4

Protcase®] HAAIF o 53= skim milk &3 #H3 (10% skim milk)
Aol paper disk (Tovo, 8 mm, Tokyo, Japan)$ iz, +F vioF Ay AL
A0 pL S5 A1A 37Tl A 244 7F WS- A7 Fof ) disk TR FHES
gAdsts A4S protease YA T ST (Norgvist et al,
1990) (Fig. 2¢] B).

Protease3t4d ¢l A& =22 Denkin and Nelson (1999)¢] HHof

Atk ¢ 219 #FHd5A4Ld (1 mL)ol azocasein (1%6)3% 823 %
(protease % &) 50 uLE #d7Iste] 37TolA 30F7F WeAlZl & 10%
trichloroacetic acid 1 mlLE #H7fele ®H&& FXA7]| T YAHE
(3500xg, 30 min)gr ¥, 44 1.6 mLell 1.8 N NaOHZ 04 mL 7}3}<]
2% peptided] FS 420 nmoll e Fdwz 2480t (Fig. 4).

A4 =

2 - 3 Urease %4
Urease®] A4 A% urea broth (Difco Co., Sparks, MD, USA)¢

el S FSSho] 37Tl 24430 wik & & ufz] o] MZe] BF
Hoxw WAG ZE urcase ¥AHATFE FHIACE F, ureaser urea
= welste] efsidolE A e wy wiAe] pH7F Y& A, wiA
o] Alo] Ao REalon wHaA wHrt (7, 1999). Urease2 %A

hZF+ 24 = Proteus vulgaris ATCC 63808, 18] &4 dxG2 4
= V. parahaemolyticus KCTC24718 AHgste] vl wstgyl (Fig. 29
).

Urease& 44 ¢l A& 542 Weatherburn (1967)2] el 3o 2
Aakglch. #4398 e UHED buffer (20 mM HEPES buffer, pH 7.5,
30 mM urea, ] mM EDTA, 1 mM 2-mercaptoethanol) 200 nlLo| vl %
Fadel (B0 uL)E ¥rEete] 37Tl A 3083F ¥he A 7 1 mL9
nitroprusside ¢} 2 mL2] hypochlorite® FAlell W 7Fskir 37Cel A 30
H-7F kg AlA 625 nmol A9 SREES A48



. Reaction buffer (950 nL)
Culture supernatant .
(50 uL) + (10 mM Tris-HCl buffer, pH 7.0,
UK 140 mM NaCl, 0.04% NaNs, 0.01% BSA)

|

Adding 1% azocasein

l

Incubation for 30 min at 37C

l
Adding 10% TCA (1 mL)

l

Centrifugation (3,000 =g, 5 min)

R -

Supernatant ppt

)
1.8N NaoH (1.6 mL)

l

Absorbance at 540 nm

Fig. 4. Procedures for protease activity assay.
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(Fig. 5). ¢t urcaseel AJ2tel v 3= urea®l dekg deolr v $18)
o] Lurian-Bertani broth Ao ureas 0.1%, 0.2%, 0.3%, 05%, "2

1.0% A7 sbe] wfdA 7 s vfek Jd e} Fe] urease S FA )

3-1 +9 DNA (template DNA)2] %A

F8 DNA= A WEEs dF 7&53 439E& AEetd (%,
1998). %, 38 5 mL9| BHI brothel %38t 37T Al syt ke
29000 xgolA 5&7F Y&l (HERMILE Z 320, National Labnet
Co., Woodbridge, NJ, USA)ste] B & #AZ F75 1 mLo €A A
95T el Al 1023 7HE s thi oA dalsdstd, 1 AFEdE 538

DNAZ AH§3-5ith,

3 - 2 Polymerase chain reaction (PCR)ol 23 A xe] A%

PCR W8 92 Perfect Premix (Takara, Otsu, Japan) A#-& A}&3}
At Perfect premix (x2)9] 38 DNA 4uL¢} forward primer®}
reverse primer ZrZ 20 pmolZ FH7FeRSth o] HFEE S Gene
Cycler™ (Bio-Rad Co., Richimond, CA, USA)E A}&&te] 94Tl 4]
S 12 WAAIZL 3 94T A 12, 55Tl 18,

_‘18_



Reaction buffer (200 ul)
Culture supernatant N (20 mM HEPES buffer, pH 7.5,
(50 ul) 30 mM Urea, 1 mM EDTA,

I mM 2 mercaptoethanol)

Incubation for 30 min at 37T

b
Adding nitroprusside (1 mL) and hypochlorite (2 mL)
}
Incubation for 30 min at 37T
!

Absorbance at 625 nm

Fig. 5. Procedures for urease activity assay.



72Tl A 183 vEg-E 253 b8 xalstqlvy S b FAA
a2 agarose gel 171 % (40 mA, 100V)gh & ethidium  bromide
nL @AE AL UV, transilluminator (VILBER LOURMAT TEFX-20M,
Sigma Co., St. Louis, MO, USA)= &%% DNA whi& 31st &
photo-documentation camera (FB-PPDC-34, Fisher  Scientific,
Pittsburgh, PA, UK) 2= EGA system (Panasonic CCTV camera
WV -BL734, Matsushita Co., Yokohama, Japan)& %3}l GelScpoel.5
(Imageline Inc. Gardena CA, USA)& EA4 &kt

4. Hemolysin ¥ 38& A=
Hemolysin 3 &3 Oh et al. (1993)2] WS W3 so] A £33}
HI brothel & ﬁ%’*éz 37Col A Rt wjFalHA] AlH R g

AAEL] (7000 xg, 208y8te] 7 A 9] hemolysin @448 Z=Asle] 2t
whel FHo #2A AVE RALEgh ik Aol o] hemolysin B4 0]

Hold o wieFeh (2 L& dAaEgstal (7000 xg, 208), 71 4ol
60% E3E == ammonium sulfate® H7FSHaL 4Cel A 6417 54 o
A8 AMEA7] YA 2000 xg, 30T ¥ AAdES 10 mM
Tris—HCI buffer (pH 7.0) 30 mLel] = 20T o HashHA] ZEEaY
(hemolysin -8 Z)o 2 Ab&3skdr) (Fig. 6).

5. Protease 3 & A=
Protease # & &2 9ol A3 hemolysin & Az v &
stel sttt =, HI brothel 7% AZshm 37°ColA b oFshal 4]

) J\]ﬂu}r/} ok A (7,000 xg, 2059 protease F4& 31"/‘33}04 =
tf 24 A|71E 2AFSE F protease EAdo] FHY ool wiokel (2 L)E
1A R skar (7000 xg, 208), 7L A NS 60%

,20_



Culture for maximum production
of hemolysin, protease and urcasce

(37°C, for maximum activity)
l
Centrifugation (6,000 xg, 20 min, 4C)

B
.

Supernatant Pellet (discard)
|
Precipitation with 60% saturated (NH4):SO;
|

Centrifugation (6,000 xg, 20 min, 4C)

Supernatant Pellet (discard)
!
Centrifugation (6,000 xg, 20 min, 4C)
{
Suspension in 10 mM Tris-HCI buffer (pH 7.0)

Fig. 6. Preparation of crude toxin fraction containing hemolysin,
protease or urcasc produced by the isolated vibrios.

Bacterial culture was incubated for maximum activity of hemolysin, protease, and urease,

respectively.
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ammonium sulfatei E3FAIA ATl A 6A1 7 dma & A & 9By
(12,000 xg, 3043k HAES 10 mM Tris TIC] buffer (pll 7.0) 30 ml.o
Trol o 20T Kokl H FE 509 (protease 8 E)O L AL

£33} (Fig. 6) (Secades ot al., 1999 Mel ct al., 2000).

6. Urcase #38 % Az

2

3t hemolysin "=+ protease 3%

——t

EE

st vk 5 Y A Fel urease Ao
E?Tfﬂ?i “H slkel (2 LS Y4ee h- (7000 xg, 204, 1 AHAe
60% ammonium sulfate® XZ3A171 3 4TAA A7 d S A4 A
AEE (12000 xg, 303 AHES 10 mM Tris-HCI buffer (pH 7.0)
30 mLell =] -20To] W ashd i Lol (urease W EE) O ALY
t}+ (Fig. 6).

7. Protease”} hemolysino| ©]# = g A

Hemolysin  #8 &3 protease® & =8 o] &3] protease”}
hemolysin®] #Adol v zx3= d ks =AY &, hemolysin #8 &
(1 uL)& protease &% & (0 uL, 0.5 pL, 5 uL) ’ﬁ'%‘j w3rsto] 37Tl
Al 10 TE WESAIZL ohg, HESHT hemolysin®] SA4S A x4 ow H®
Aty Al FA4L protease HEES HrbsHA %L HA¥H Ao

hemolysin 48 10022 39S e MES2 e}

8. ¥4ol29] hemolysin, protease 2 ureaseol] v %= I3 =4
Zn® (0.1 mM)S A3t K, Na, Ca’', Mg”, Fe¥ 59 %oleg &
<°] hemolysin,

MER gdd 2 mM HEE Hrbetw Zhzho] kol
protease & urease® Ao v]Ai= dgre ZALSFeth (Shao and
Hor, 2000). Joi&d 2 el FHZM9 S48 10022 8518 4
o] wWhE-g 5 Ve

O

._22_



9. ] vH e Q59 in vivo HHEA =A

Hemolysin, protease % urease % 417 VFEE Hig o1z A4bslis
el w B E] Qa8 37TelA 18A7F wiekste] 2 “2] (6,000 xg,
30min) %+ ¥, phosphate buffered saline (PBS, pH 700232 2-33]
At A8 FHS 10-10° cfu/mL 5| =% PBSo| @ehald] 1
el 05 mLE 7 ICR w52 7 10ve el B2 FALete] X
A& wlal FAFSEE Y (Starks et al, 2000). g, #Ho]2 9] hemolysin
ol in viveo FAA 4TS u]FRi=x deolrv] g9lstel, iron-dextrang
o AT g F 200 ng HNE BAAR & 30% Foll, 22 B
St #erel (10-10° cfu/ml of PBS) 05 mL& % © st
FARSEe] 2+ (iron-dexran - 3] 4)e} vl
et al., 2000).

i =N
3
/K

TLoTT

moE

/O 5
zAb&lT (Starks

,28,



17l .
= &

e

A

&

. wglg vnaeste] 1%

gabe] Wetel G AFolM 200197 E 20033744 3 e 2
A e F A Red WAy vndeite] 334, 99 ReRFe 8

ol 2 E3sla] Table 1, Table 2 2! Table 39 24zF el gl

20010l = 6F, 6802 HYg HE s Felstdlen, F ‘ii
V. dlginolyticus 193t (2826), V. vulnificus 15707 (2220,

parahaemolyticus 157 (22%), V. cholerae non-0O1 1175 (16%), V.
fluvialis 795 (11%), 2832 V. hollisae 1375 (196)el9t} (Table 1). V.
alginolyticusy= 693 7o) WIS #Fo w3, V. vulnificuset V.
parahaemolyticusy= 695-E 109717 #&HH o Faws daES e

Hu
= ol

I |
ot %3], SElvgtel e =84 fdEFvia HauLa Qi W
cholerae non-O1% 117 (16%)7} 2] = it}
2002 o5 el B 7E, Svt T welsidl e, dEddRe V.

parahaemolyticus 25T (46%5), V. cholerae non-Ol1 12+ (22%), V.
alginolyticus 97T (17%), V. vulnificus 4305 (7%), V. hollisae 2377
(4%), V. fluvialis 13t (29%), V. mimicus 130 (299)°]2t} (Table 2).
20003 =9 vt MR- F91 V. mimicus & w57 AlEA s
V. alginolyticus, V. vulnificus 2 V. fluialis+ 200139 v} sle] A4
o7 gde AZ8S Jehidoh V. parahaemolyticusy: 2001 =eF vhzkzt
A2 59RE 1087H4] AEFHor FelEdn 7B =2 J4EEE e
Slem, V. cholerae non-Ol% F 12757F Haolso] 20010 =9 H-A3
2288 Urhig

20033 €] Aol F  63F H2uFE 2Esded, VvV

n

parahaemolyvticus 24307 (46%), V. cholerae non-01 1235 (23%),

,24_



Table 1. Isolated Vibrio species from scawater of the Gwangan
Beach, Busan, Korea, 2001

Isoclated month .
Number of isolated

Strains . :

Jun.  Jul. Aug. Sept. Oct. Vibrio spp. (%6)
V. alginolyticus 7 o] 3 1 ND 19 (28)
V. vulnificus 3 4 3 4 2 15 (22)
V. parahaemolyticus 1 2 3 3 4 15 (22)
V. cholerae non-0l ND ND 1 D 2 11 (16)
V. fluvialis ND ND 2 2 3 7 (1)
V. holllisae ND ND 1 ND  ND 1 (1)
7 '[‘(i)t;l 11 14 15 17 11 88 (100

NI, not dectected.

_25V



Table 2. Isolated Vibrio species from seawater of the Gwangan

Beach, Busan, Korea, 2002

Strains

V. parahaemolvticus

2

<

V. cholerae non-Q1 ND

Vo alginolyticus

V. vulnificus

V. hollisae

V. fluvialis

V. mimicus

ND

ND

ND

1

4

Isolated months

1

ND

1

NI

ND

11

ND

1

1

ND

10

May Jun. Jul. Aug. Sept.

1 9

D 3

1 2
3 ND
NID  ND
NI ND
ND ND
10 14

ND, not dectected.

,26,

Number of isolated

Vibrio spp. (%)

Oct.

4 20 (46)
ND 12 (22)
ND 9 an
1 4 (7)
ND 2 (4)
ND 1 (2)
ND 12
5



Table 3. Isolated Vibrio species from seawater of Gwangan Beach,

Busan, Korea, 2003

[solated months Number of isolated

Strains ]
May Jun. Jul. Aug. Sept. Vibrio spp. (%)
V. parahaemolyticus 8 4 2 4 6 24 (46)
V. cholerae non-01 2 ND 5 2 3 12 (23)
V. fluvialis ND 2 1 3 3 9 {17
V. alginolyticus 1 I ND 1 ND 3 (6)
V. vulnificus ND ND ND 3 ND 3 (6)
V. mimicus ND ND ND ND 1 1 (2)
Cotew 07 o8 o113 mam

ND, not detected.
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V. flucialis 9t (179%6), V. vulnfficus 307 (6%), V. alginolyticus 3707

(6%, V. mimicus 1307 (2%)0]9dv}  (Table 3). dal A<l W ofa

2001 2 ol o, 2002vi e WelokAkab Faper daks

Wil = 2002419 A9 V. parahaemolyvticus7b 46% (25/54) 58 7} 3¢

FE& HEELS JENSIIL V. cholerae non-Olol 22% (12/54) o+
g

, 2003 e 2 V. parahaemolyticus®] A& &) 46% (24/52)5% 7+

]
=9rom V. cholerae non-0l1°] 23% (12/52)% 20023 =<} FA¢ A
Z&S vebdel. ey Voalginolyvticus?l 3EES 6% %2 2001 ¢

28%, 20023t 17%¢° B3t o5 WA JErstey, vl s 20009 T
2002 ol = 42 13rF4 whol AEE A @A V. fluvialis7} 20034 ol
- 17% (9/52)8] =2 dE5&5 vERIYH

]’2}01 A, 20015 2003 A7k=] 3 7F 4k sdebe] gl &
A vjRele FeldasE Eitele] Table 49 HeRSICE 3dzE Feje W
S vERleE F 7E9 1MdrTHen, ¢FH H5&2 RYE WV
parahaemolyticus 37% (64/174), V. cholerae non-0O1 20% (35/174), V.
alginolyticus 18% (31/174), V. vulnificus 13% (22/174), V. fluvialis 9.8%
(17/174), V. hollisae 1.7% (3/174), V. mimicus 1.1% (2/174)¢] =o|dt}.
123, HE Silgbals FEES W = V. parahaemolvticus, V.
cholerae non-01 % V. vuhnificus® H9¥ HESEES HA WV
parahaemolvticus®t V. cholerae non-01& %o we} zpolx= glon) 5
W10 2Ax AHHo g HEFHACE “1e V. vulnificus® 7%,
2001 d 2olli= 6910 A4 HEE o 2002 ¥ 2003d ko= 3¢
v & o] A wE Ao|7t ?6‘] Aebant BelE W nHge
e Agsts AL FETT9 FeU8HT (Table 5).

S-jviet Aoke] Hield HE g Qo] EHGHH U Bag v gl
ol 9l 5 (190602 AR slieke] S5 Wl o] FollA] F 224uF o] WA ]
Hgle s Fast e, o] F V. paraaemolyticus?t 138

©
o
o

[L
5
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Table 4. Isolation resulls of Vibrio species

Gwangan Beach, Busan, Korea

Strains

V. parchaemolyticus
V. cholerae non-01
V. alginolvticus

V. vulnificus

V. fluvialis

V. hollisae

V. mumicus
Number of
isolated strains

ND : not detected.

2001

2002

2003

9

ND

from scawater of the

Number of isolated

strains

(%)

64 (37)
30 (20
31 (8
22 (13)
17 (9.8)
3 (1.7
2 (1.1

174
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IOml

‘uonoeal 3ANe3aU ‘- ‘uonoeal 2ANISod T4+ "WIISAS HOZ 1V AQ paunioliad o19m SISS ‘x

Lo+ o+

' + o+

+ o+ o+ 4

+

-+

o+

+

+ +
+ o+

|
1

I i
4+ o+ )

+ o+ o+ o+
+ o+ o+ o+

+ -

+ 4+ U+ 4

+ o+ o+ o+

+

+

+ +

+ o+ o+ 4+

SISL|0JPAY Ssoulqedy
SISAJ0JIPAY Uul[ep3Awy
SISA[OIPAY 2SOIIIN
SISA[0JIPAY 9s010ng
SISA[CIpPAY ssounIeyy
SISATOIPAY (0119105
SISATOJPAY [OUSOU]
SISA[OIPAY [OJIUUBRIA
SISA[OJIPAY 2asoon(y
uononposd gZYH
uononpoad uro}sdy
uonjonposd sjopug
uouBZI[NIN 27BN
aseunuesp aueydoldAi]
aseaun

aseuneRn

8SEPIXC —3UICIYI0IAD)
ISBIAXOQIRDDP SUIYITUL()
ISBJAXOQIRDIP JUISAT]
ASBIOIPAYIp sUTWday
asepiso)oeied-g

ST SESIIOY SHEIAN] SNIMIUA SOIIAJoUIS]e

P

/

A

A

[O-uou

snonAjour

A P8Oy A —aryeIed A

suleng

s189 L

so10ads 0LIGr{ PoIJIJUaPl JO SOUSLISIORIRYD [BIWAYDCIE ¢ 2lqe]



WA 7R el HEwIlaL 2L 2] VD alginolyticus©F V. vulnificus €15 O

Zujdcha wasielisvl Boqdte) Axtel elAEvl Trefvp Wl
(1996} V. cholerae non-012] d&&°] 1.3% (3/224)0 FHasteivtar H
Jtekg o), B M Beldl F 17T 7 F 3By TR 20%2] AES
& UERo] 2 FelE BYrh 3 A (2003)2 19965 o & gk AgH
o N3t V. cholerae non-O1 EEFANA ik AEHo] 10% (21/206)
A=, Aol mel zpe]rb o] Akl A 16%, FolA 6%, ETIelA
109, F-4kelA 8% AE&2 vttty wBusigich 2 7o K
Ab ot sl 5 V. cholerae non-012] HAEEL 20%2A A (2003)
o] Azprct 25u =& HEES el vk o], W 5 (1996), A
(2003) 2 B Ao AyeRE B ouf ghar At M V. cholerae non-O1

of AE&ol Frksha Qrkiz AMdak Aol whek 2 Ffolrt ek A
o

O. 22 v82) 2352 hemolysin 2 protease @A EA

1. ¥4 52| hemolysin ¥ protease A4t 44

2001 58] 20030 7h=] 3xd kel AR HAbA] deke] s grell A

WAl uHele e ¥ hemolysin, protease % urcase T4 A
AE Al g f33e] Table 6, Table 7 % Table 89 22 t}eEhY
At

2001 o Bal® 68T & 4695 (V. alginolvticus 29, V.
vulnificus 12705, V. parahaemolyticus 147, V. cholerae non-0O1 11 f
G 2 V. fluvialis 7 75)7F (Table. 6), 20029 % &2 547 F F
39T (V. alginolyvticus byt=, V. vulnificus 43, V. parahaemolyticus
1457, V. cholerae non-O1 12 305, V. fluvialis 1505, V. mimicus 13t
T, %V hollisae 2307)7F (Table 7), 20031 %= o #2)l¥ 527F &
2297 (V. dlginolvticus 1777, V. parahaemolyticus 63t7, V. cholerae

non-0O1 10377 2 V. mimicus 53F7)7F 7F2) hemoysin % protease &4
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Table 6. Confirmation results of the pathogenic factors of the Vibrio

spp. 1solated from seawater of the Gwangan Beach in Korea, 2001

Hemolysin

Strains (a/h)" On sheep I{Etlwwi Protease Urease
blood assay activity activity
Code No. agar plates o5y
V. alginolvticus H 5 a <3.0 + -
(2/19) I 14 - 79 - -
V.o vulnificus H6 - 85 4 -
{12/15) H 12 a 77 - -
H 13 a <30 - -
H 19 a 79 - -
H 20 a 39 - -
H 34 d 80 - -
H 40 a 95 - -
H 41 a 100 - -
IT 42 a 63 - -
IT 45 a <3.0 - -
H 60 a 62 - -
H 64 o7 - -
V. parahaemofvticus H 1 - <3.0 +
(14/15) H 23 - <3.0 + -
1 26 - <3.0 +
H 27 a <3.0 - -
H 39 - <3.0 + -
H 43 - <3.0 + -
H 47 - <30 + -
H 50 - <30 + -
I1 51 - <3.0 + -
H 56 - <3.0 + -
11 63 - <3.0 + -
H 65 - <3.0 + -
IT 67 - <3.0 + -
H.68 a B0
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Table 6. (continued)

Hemolyvsin activity

Strains (a/h)" s e e Prolease Urease
On sheep Culture activity activity
Code No. blood supemitam
agar plates %)
V. cholerae non-01 H 31 B 50 ) -
Hn H 32 B <30 : -
H 37 ¢ 97 ' -
IT 38 B 71 * -
H 48 B 96 + -
H 49 B 96 -
H 52 B 65 v -
53 i 82 '
a7 B 70 t -
H 61 B <30 ' -
H 62 B <3.0 ! -
V. fluvialis H 29 a <30 | -
v H 35 a <3.0 - -
H 34 a <3.0 i -
H 55 a <30 + -
H 58 a <3.0 1 -
H 39 a <3.0 + -

H 66 a <30 ¥ _

21, Relative hemolysin activity is the percentages of hemolvsis by cultural supernatant (10 n
I.) to perfect hemolysis
a, a type hemolysis, B, B type hemolysis; ¢+, detected, -, not detected.
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Table 7. Confirmation results of the pathogenic factors of the Vibrio
spp. 1solated from seawater of the Gwangan Beach in Korea, 2002

[Hemolysin activity

- o . Culture Protease Urease
Strains (a/h) On sheep hlood o o
. supernatant ACTIVILY actiity
Code No. agar plates (05
e
V. alginolyticus FM 13 a <3.0 -
(5/9) FM 16 a <3.0 - -
FM 17 a <3.0 - -
I'M 18 a <3.0 - -
M 19 a <30 - -
Vo vuinificus FM 29 a 9] - -
FM 33 a 12 _ _
(A/4)
KM 35 a 100 - -
FN 54 a 95 - -
FM 9 - <3.0 r -
V. ,r.)ar'ahaem()lyucus M 10 _ 30 . B
(14/25)
FM 11 - <3.0 + -
"M 36 - <3.0 t
MV 37 - <3.0 < -
FM 39 - <3.0 ' -
M A0 - <3.0 ¢ -
FM 45 ~ 13 + -
FM 46 - <3.0 t ~
FM 47 - 7 t
FM 18 - 10 r -
FM 50 - <3.0 + -
FM 51 - <3.0 t -
FM 52 - <3.0 + -

_34_



Table 7. {continued)

Hemolvsin activity

o ) y Culture Protease Urecasc
Strains Gah) On sheep blood o .
supernatant  ackvity acuvity
Code No. agar plates ot
(%)
Voo cholerae non-01 M 14 B <30 |
(1212)
FM 23 B <3.0 - -
M 24 B <3.0 ' -
FM 25 B <3.0 + -
FM 26 B <3.0 -
M 27 B 3.0 - -
FM 238 B <3.0 + -
'™ 30 i <3.0 '
FM 32 i <3.0 - -
M 42 B 100 t -
FM 43 B <3.0 '
M 44 p <30 ' -
V. fluvialis (1/1) M 21 a <3.0 ' -
V. mimicus (1/1) FM 4 p <3.0 v -
V. hollisae (2/2) FM 15 p <30 - -
M 22 B 3.0 - -

1), numbers of pathogenic strains (a) and isolated strains (b,
2) Relative hemolysin activity is the percentages of hemolysis by cultural supernatant (10 u
[.) to perfect hemolysis

a, ¢ type hermolysis; B, B type hemolysis, +, delected, -, not detected.
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Table 8. Confirmation results of the pathogenie factors of the Vibrio
spp. 1solated from scawater of the Gwangan Beach in Korea, 2003

Hemolysin activity p U
T rotease  Uhrease
Strains (ah! On sheep blood Culture supernatant ‘

activity  activity

Code No. agar plates (%)
V. alginoivticus (1/3) 3] - <{3W' L
S27 - <3 - -
542 - 23 - -
Vo vwdnificus (0/3) 549 <3 B B
550 - <3 - _
552 - <3 - -
V. parahaemolyticus <8 _ <3 . -
(6/24) < - <3 N B
519 - <3 + -
525 - <3 - +
S34 B <3 -
V. cholerae non-01 72 B <3 - N
(10/12) 51 P <3 ’
S10 B <3 + -
531 B 12 n _
S35 i <3 3
$37 B <3 . -
538 - <3 '
539 B 32 + _
548 - <3 s -
S68 - <3 ¥ -
S70 - <3 + -
528 a <3 ' -
Vibrio fluvialis (5/9) 532 a <3 + -
SAb a <3 - _
551 a <3 -
ST5 a <3 - _
Vibrio mimicus (/1) 566 | - <3 o

1), numbers of pathogenic strains (a) and isolated strains (h); 2), Relative hemolysin activity
is the percentages of hemolysis by cultural supernatant (10uL) to perfect hemolvsis; a, a

tvpe hemolysis; B, B tvpe hemolysis: +, detected. —, not detected.
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& LFERHRIYE (Table 8). Eolst 4o stobe] agoll A 20014 ¥ 20024

o urease A2 NH V. parahaemolyticus?y A5 A5 ¥ %] gkgko)
2003530l 3= 3k 5 (V. parahaemolytiazs S25)7F B vl
o, FAF Acra] SigelA HaE F 1adTEe] Rl HEAE

EAFSE A 3E Table 9o UERHACE v:fﬂ% 1747 F A hemolysin,
proteasc % urease & 171 o]4de] WE AAE JEME T UE
< 61% (07/17T0E =¢on, S vehlis B 501zt of4te] )
o] 7} Ak

=, V. parahaemolyticus™ 218 6470F T 299 (45%)7} protease
v H 36yt F 260 (74%)7)

Aol V. cholerae non-01& Held

hemolysin 4491 A9 protease el oy, V. vulnificus
o 29t & 157 (682%6)7)F hemolysin %FA, izl il
fuvialisi= w21F 2207 & 97777} hemolysin 2421 BA]9l protease
UA-s Ve 18y Vodlginolvticusy 3137 Rl Eo) M B
2| g s 391 E A E o), el 31T F o HE1AE YElde A
28T (6% % A A2 Holgd il o] F TrT7F hemolysin %A F
Tt

2. B2 59 protease’} hemolysinol »] 2= 43}

=" #HEgAd HEderse Zdd H5A (phenotypic
virulence factor)?] hemolysin®] & st FH 3 4] Aapel 1847+ v
oF3t wjor Al F9 hemolysin #4je] 2

=1 Q
A Y} (Table 6, Table 7 'Y Table 8). %, Ul5e] Beldo] gl
St Hyk oA a B B A Jehil o), 18417 vleks AF

o5

g Foll& hemolysin EA4e] gl 57 &

A
7 skim milk -8 FHadelA protease 27445
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Table 9. Summary of experimental results of pathogenic Vibrio

strains 1solated from the Gwangan Beach in Busan

No. of No. of Virulence factors
o total virulent Hemolysin
Strains . . lemolvsin Protease } Urease
Isolates strams i Protease
V. parahaemolyticus 64 34 3 29 1 1
V. cholerae non-01 35 33 3 4 26 -
V. alginolvticus 3 8 7 - 1 -
V. vudnificus 22 16 15 - 1 -
Vo fluvilalis 17 13 4 - 9 -
V. hollise 3 2 2 - - -
V. mimicus 2 1 - - 1 -

Total 174 107 34 33 39 1
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Chbis st =50l 2l
a} 2} hemolysin¥ protease® Mr A AEH= V. cholerae non-0l1
FM38, FMA49 4! FM627r+5 AF£6e] hemolvsin®t protease @l 73t
ASE A8 V. cholerae non-01 FM62v i € 34 J9 4
ol = B £33E s At ek AH A FolE hemolysin 44
S YEhgA §= FFEeem V.o cholerae non-01 FM499F FM38t ¢
=g 3 HH3AY hemolysin A3 vk AA 9 F 2] hemolysin
© T ATE (Table 6). )% 72 HI brothel uj<s}
HA vk AlZFE R wjeF AN F9] hemolysin £/ 3 protease &
A

Aol Male Aol FALgE AWE Fig. 7, Fig. 8 ¥ Fig. 9o yebuisl

ol A A s}

V. cholerae non-01 FM627F = 4547 %719 hemolysin &4
o] wAsl Frhstey dlFEA Y] Hrle FHd 485 veldislith 1
L} protease AL t5FA 7] F7)oi= VEYA gsten diE
7| wzlel vrepuhz] Al St A Bl AR F 9] hemolysin B4 2
wA3 fhAstTh 1|3 protease® Fdeo]  HUE vERE A A
/1 ZF 71l hemolysin &A1& ¢bH3] AAHYAC (Fig. 7). &
hemolysin 242 protease”t A= H A L ZAdol F438] dast
=dl, o]i= protease”’} Y549 hemolysing welstsir] wE<el
o= A7E 4 vk
V. cholerae non-01 FM627 9= €2 V. cholerae non-01 FM49
FE yS 2] 27158 veld hemolysin &Aool AR 7] 2717t
A AEA o R FA o thE AgE vebl itk T1E v protease &4
o] 4247 By|RE A3 Jelhtry] A ZEak hemolysin GAl &
| Alststed proteases) &2de]l FHl FA 7] Hol& hemolysin
Hidol ¢kds] Adwdv (Fig. 8).
ekA | V. cholerae non-0O1 FM387 % tl4327] #7]9 hemolysin
o] &dol FHE WepUa StV LYzt 3047 Ak A& o

2o AT s e B protease gHE L tidE] A
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Fig. 7. Changes of hemolysin and protease activity in the culture

supernatant of V. cholerae non-0O1 FM6Z.

This data were derived from Kim(2003).
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~—— Proteolytic activity
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Proteclytic activity (OD at 420nm)
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Fig. 8 Changes of hemolysin and protease activity in the culture

supernatant of V. cholerae non—-01 FM49.

This data were derived from Kim(2003).
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Fig. 9. Changes of hemolysin and protease activity in the culture

supernatant of V. cholerae non-01 FM3&.

This data were derived from Kim{2003).
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s elem oA s vekekelvt (Fig. 9). <%, V. cholerae non-0l
FM380] A4kl hemolysine] @A 7] 74 71 b8 23k 4= Ql9]
A ;Jrotea‘se&’] A A7) 7E Sean 0 Wk gAdo] oy oFty] wit
ole} & 4 gt}

o] g2l é‘lﬂriTEJ, u ok Aol Fo) hemolysin 8442 Fof A
5] protease®] ol ofd HEEE FHom FASA, V. cholerae
non-01 FM62¢ 52| W< Al <29 hemolysin @43} protease
ol zhzt A AE uvEhdie Ao Mg s dAlste] 48 }—'—‘%i‘lﬂn

= s
(hemolysin ¥+ 88 W+ protease w8 &E)o = hemolysin®] &4l
protease”} Y x| FES olH il & hemolysin 8% (1 ul)&
protease +#%& (05 ul, 5 ub)® 2 st 1027 #HEA2 &
AHEEE hemolysin 48 2438 A3 protease ¥ 8 &2 5 pL 3
bt A& 2] hemolysing A& A7l vlsf] oF 50% Ax 7248

ATt (Fig. 10).

ole} & A= V. vulnfficus7t MAFEE protease”’} hemolysin @
Al A ﬁ}oﬂ A4 d¥S w2t Shao and Hor (2000; 2001)%}
Kreger and Lockwood (1981)2] W 19} 2 o3 slu}

M. ¥ V. parahaemolyticus 52 A 2$ WA

1. Urease %4 V. parahaemolyticus® + <
200116 20030 7% Fetel dlgolA wWedAd vBRgews Ei
b &<l 2000 % 2002d e 2 BoF urease ¥AQ V.
Jsk=]  FHeatoew, 2003dd V
parahaemolyticus S25 § #FUE 23t 4= %Y (Table 8). 1
A, Ag Al el & vluwdlr] ekl Wb of A Zhubnke] o &)

*1 urcase %A1l V. parahaemolytzcm o % 4 ] Lt
=]

ol

]

parahaemolyticuss 3+ w2 &

Mz
)
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Fig. 10. Effect of protease on the hemolysin.

This data were derived rom Kim(2003).
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Table 10. Urease-positive V. parahaemolvticus 1solated from the

Kamak Bav of Ycosu, Korea, in 2002 and 2003

Source
(number of ﬁHemolytic Protease Urease
‘ . Code No. 1 o o o
isolated strains) activity  activily  activity
YKB 2 : + -
YKB 3 + -
YKB 4 - +
YKB 6 + -
YKB 8 +
_ YKB 10 + -
Secawater
in 2002 YRB 14 i
) YKB 15 - +
(22) YKB 17 N
YKB 18 : +
YKB 19 + -
YKB 20 +
YKB 21 + -
YKB 22 +
Seawater
in 2003 : - -
(36)
Fish YFB20
in 2003 {black rockfish) :
(34) ‘ YFOZ21 .
(olive flounder)
| YFO22
' (olive flounder) )
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F 9297 V. parahaemolyticus7t R E[ o WE L T
hemolysin 402 el A 2892t} protease ¥ urease AL 717
0179 (30%) Wl I E 127 protease #AS, el ol 59T
(V. parahaemo]yticuq YKB4, YKB]ZI, YFB20, YFO21, % YFO22)7}+
urcase &A1& eyl V. parahaemolyticus YKB4$} YKB14:
&l ol 4] 1—4 welen V. parahaemolytzcus YFB20+ #3255 (black
rockfish)el A, 28] V. parahaemolytzcus YFO213 YFO22+ YA
(olive flounder)oll A == vt Zete] dlgolA] Had 6459 V.
parahaemolyticus = 1?}%‘{’}0] urease GOl Ao ulg], 7}gt
vhof Al Z2] % 929FF & urease ¥ W7 bR AUiHoRE w2
HNEES HoFo
o] A, & dA4trd A wob At oG BR 6359
s V. parahaemolyticus7t W2 E e o5 o] A3E A
e urea BIlTS A EEIFE V. parahaemolyticus
KCTC2471¥ LA stg 1t (Table 11).

o

ureas

2. V. parahaemolyticus?} A4Vsl urease?] 54

o] ® urease YA V. parchaemolyticus®] urease AAFokArS Za}
3}7 # skl Luria-Bertani brotholl & wi<kstHA], ek Alzhd 2 4

J ol &9 urcase@ S A% AHAAE Fig. 119 e Urease
- SRl Vo parafaemolyticus KCTC24712 urease 45 A
Ve A ot V. parahaemolyticus YKB4, YKBI14, YFOZ21,
YFO22 2 825 o 5759 wiet K T urease E4 WIE =
Aret A3, S255 A efgh it ] urease=A A 7] Z7]o A]A3] e}
L7 Al Abeke] A X 7] Tl wiF 72 AITE Aol H o] S€4E e
Wdoh olef e A= ureawdlmAa AAY G dm2das AR
Proteus vulgaris ATCC63802] 72-5-¢F FAMstg ot 22 urease
A GdE P ovulgaris BrE 2v) o)A A YEiwd v

parahaemolyticus S251= ™52 o] (wiek 1241 7F o] 3)5E] urease

o
Ie]

o :‘\0
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Table 11. Biochemical characteristics

of urcase—positive

parahaemolvticus 1solated from the environments

PB-galactosidase
Arginine dihydrolase

L.vsine decarboxylase

KCTC2471

Ornithine decarboxylase +

Cytochrome-oxidase
(Gelatinase

Lrease

Tryptophane deaminase
Citrate ulilization
Indole production
Acetoin production
1S production
Glucose hydrolysis
Mannitel hydrolysis
Inositol hvdrolysis
Sorbitol hydrolysis
[Rhamnose hydrolysis
Sucrose hydrolysis
Melibiose hydrolysis
Amygdalin hydrolysis

Arabinose hydrolysis

+

urease-positive

_isolates

|

+ o+ o+ 4+ 4

*, T(}Sié--\;;-;’e performed by APl 20E system.

+, positive reaction; —,

negative reaction.,

m47_,
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Growth curve (O.D at 540nm)

96

Time (h)

Fig. 11. Changes of urease activity during the growth of the isolated
V. parahaemolyticus.

Every strain was incubated in Luria-Bertani broth at 37C. Each culture supernatant was
assaved for urease activity., ----, hacterial growth: X, V. parahaemolyticus KCTC2471 (a
urcase-negative reference strain)y |, P vulgaris ATCC 6380 (a urease-positive reference
strain)y O, V. parchaemolyvticus YKB4;, A, V. parahaemolyvticus YKB14; €, V.
parahaemaolyticus YFO21: @, V. parahaemolviicus YEQ22, &, V. parahaemolyticus S25.
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AE vhehdi v Al Afeko] A Vb (efeE 247 Aol Han B4 ol

chakel oy o] Fol = 72A17F 7bA] urease AL obg A o {4 w0
ChE b F b vhe s vepd it
olo} & Aui= FAHorRY FaH V. parahaemolyticus KH4108]
urease Aol g a 7] wrlo) 7MA Emakow ) ojFo Gx[7] %7
of o] =774 A gdashe Aom Rargk 71(1999)9 Aipele v}
4 Zbol & HGIL)

71Ee] R 98y Bacillus pasteuri, Sporosarcina ureae,
Morganella morganii %5 ureasetr™ T &40, Proteus mirabilis,
plasmid-cncoded ureases YA (Salmonella cubana, Providencia
stuartii and some E. coli strains)ol A3z urea®] 37l 28 f =¥ <]
Z)i= oz oelz o) (Mobley et al, 1995). E2]+fol 2]3le] A
5= urease?t WA mAQIA] WA L] S AQHH] #lety] fldte], dof
5271 (A8AIZE ek 7h+] wigkst +F wiFNE  2Fak w37
(Sonics & Materials Inc., Danbury, USA)= ¥}2] (30min on ice with
an at amplitude 103+ A &= 2} urease A& ZASE A3 x8-u a4
el gtk ¥ e qtell A 2] urease BFAS fAFEE glolslch uhebA 2
2] urease= AR =4 AoF FASIT

g ureao] 93] urcase®] Aitol FLEF=A QlolR 7] 9oty
Luria-Bertani  brothel urea® FE®Z  Hrlsk  wiAel V.
parahaemolyticus  S25% WS Al uk 48A1 7+ 6047 A 2
urease FAS FAEE ZA3E Table 12¢] Yeb S} ofv] Fig, 129 A
5 oyEr vpe} o] BT E 9] urease TS ureat MUFshA| &
el = A UErstch UreaS 242 0.1%9F 0.2% 71 8] =] off A
= A8AIZE Aol ureas FH7bshA] @ S0 v} 2bzb 1209} 1.4vf,
Lﬂ 60AIZF Aol Zhzh 1.3vh¢9f 166 =848 Jehfelrh 19
L ureaS 03% o} d7Fgh wiA| o A= de] AHo] O*?H]E‘ ¥Rk o}
L al, wfek 48417kt 60A17F Aol dhtel wE] AulH o R 50% AR
vho gbad g vbeb o] urease AP E A e 2l o2 GpERYEU
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Table 12. Effect of urea concentration on the urcase production by
the V. parahaemolyticus S25

Cell growth Relative

Urca 0.D value urease activity (2¢)
concentration (%) '

48 hr 60 hr 48 hr 60 hr
0.0 0.713 0.667 100 100
0.1 0.859 0.877 120 131
0.2 1.010 1.07S 142 162
0.3 (.304 0.371 bl o6
0.0 0.371 0.345 b2 49

1.0 0.245 0.236 o4 53
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Sh, 7l (19992 kAl A Welgt V. parahaemolyticus KIH4102)
urcase’/F urea H7Fsh] k& v Aol M iz Ao} Haku Al oL} ureas
029 A7FebE ok 308) o)A} ureasce #Ado] izolrli= Aoy H uES
on, Z&uk el 9)sle] urease EAo] mopAE A
0% Hol fFEEAoHA A o £49 dos Bistn 9o B oA
Ghe] Aalel aolslivt. ool Ay RFEH, V. parahaemolyticus S25
7} AALERY ureasers TAEARA WAL K40 Aoz HEF Hdd

%At

V. 2e Mo dFe WE fA4 NEHE

g Aitel WEAAE NS dEets A duadd Ay
dsel SAolA el Fase dolnm Aot WE RANE
PCR=A dEats e 747 e13ge] dasn vk (Saki et al,
1038). wheb] R oelFlA B4 vivdeFd #RY WsdAe
WArshs FAA4E PCREA A% AFshiz ¥ie 2989

1. Cholera toxin 429 A=

MANE V. cholerae non-018 1A H o A FA7 ¥A &
Ao F FFHo gtovt H2 V. cholerae non-0O1 #52] H
Ao Agt B2 Ag-Eo] Hir ¥ir gttt (Chaudhuri et al, 1992
Kiiyukia et al.,, 1992; Pal et al., 1992; Russel et al., 1992, Rivera et
al,, 1995, Saha et al, 1996, Kim et al, 1997, Caldini et al., 1997,
Barbieri et al., 1999; Nandi et al., 2000; Chow et al., 2001).
3 Park et al. (2003)2 Aol A F2|8 V. cholerae non-0O1 CTIf
T7F cholera toxin +#AAE 7FA| A9t cholera toxins A4FstA] ¥+
e B

- A4 Fel¥l V. cholerae non-0O1 3535 wisle] cholera
toxin 5429 £ASHFE el 98] commercial primers
VCT-1/VCT-2 (Takara Co., Japan)& Ab&3te] fFdzte] &8 A=
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& 4w Fig. 120 vepUidel. VCT 1/VCT-2 primersel] 98 534
b sk DNAS] ~L7]5= 307 bpelw, V. cholerae 0139 {(lane 3)
¢} V. cholerae El Tor (lane 4)9} vha7p=lx 34 b5+ V.
cholerae non-O1 CT (lane 2) (Park ct al, 2003) olA% &ds 307
bpe] vl W=7 :Es o] cholera toxin 4 2AE el 1y
L Bl Al ¥ V. cholerae non-O1 35707 RS54 DNA
hand®= A& %A @ot cholera toxin FAAZ H {84 ¢ 7oz
gholul et W odqto A 3l EElE & 36T F 33T (94%)7F

hemolysin - 523 protease A& Yelgiflon, 1 % 26&-27—7]'
hemolysind protease &5 Ao UEH= dF5 Y3 (Table

9. ol Axte Aol FAHEIANAM EEH V. cholerae non“OIOI
hemolysin %A o] A7k cholera toxin A A= HA3HA] & Aoz
wargk Pal et al. (1992)e] Arpel Uz gk}, b, Saha et al. (1996)
V. cholerae non-Ol AAFFEZFE 4 2 cvtotoxing A )81
Ae g oy Kiiyukia et al. (1992) € ayu fish ZHE ¥

hemolysin 4 V. cholerae non-Ol7+F 2] s ol 72 %o sk
A suckling mice®l| fluid accumulations F S8t vl X arshgd ok,
Russel et al. (1992)& V. cholerae non-0O19] Fit=xAdol diste] M1
st vl S A, V. cholerae non—-0O1-& Ao 2NFE= Hdor A4
of e}, FH < roll oM A4 FAERE] V. cholerae non-012] 2] 1|8

e

=
of A cm Frletal U= FAlolw, & AgoAME FAF Agt
el A Ee2ld F 174735 F V. cholerae non-01¢] 3Bd T2 HE
£2E 290y, By PR (33/35¢ ¥ wHEoxE A
ths dom vFo] B ) gog o jreo] welgdo sk v Ao}
7 Fel Mol o] el FEHE RuUugstelor & Ao AlmETh
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Fig. 12. Detection of cfx with culture supernatant from different

Vibrio species.

IPCR was done with VCT primers (Takara Co.} for ctx detection. Amplified produtcts were
analyzed by electrophoresis on a 1% agarose gel and treated with Ethidium Bromide.

M, pHY marker (Takara Co): Lanel, V. cholerae non-01 A'TCC 25872; Lane2, V. cholerae
non-01 Gsolated in this study); Lane3, V. cholerae Ol El Tor, Laned, V. cholerae O 139;
Laned, V. vulnificus KCTC 29307, lLaneb, V. parchaemolyticus ATCC 17802 Lane7, V.

vulnificus isolated; Lane 89, V. cholerae non-01 isolated.
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2. Hemolysin 342 45

2 -1 V. vulnificus®] hemolysin 32 A=

V. vylnificus®] hemolysin 422 d&s17] flete] 4% primer
VF1/ VR1& Ab&3&tel PCRS gt A& Fig. 139 velyiich e
F V. vuinificus 14305 (V. vulnificus 116, H19, H34, H40, H41, H42,
H60, H64, FM29, FM33, FM35., FMbH4, S50, SH2)ell tdte] PCRE 3
3 Ay RE FFo) A hemolvsin F3 2] 2% E DNA (361 bp) 9
vhd i =7} el = 9l

Hemolysin #A&7Y A& F V. vuinificus 14757 @ b5 a4
of 2 hemolysin 24 el =2 A3 A3E Table 139 YEMY
Ak V. vulnificus S503 S52E A9 10052 ) g 4
o A1 hemolysin &4 & el o, V. vulnificus S50 S52+= & oA
GHET AdolA  hemolysin A4S vERRA] gFskrh wraEkA, VL
vulnificus S50%  S52¥  hemolysin @ $4x = ®H&stn 9o}
hemolysin =54 & d S Aqbelx] ofe= v ¥ 72 AzhEo
Hemolysin #4245 Mt dgals E e da sz ¥ o9
7rE AT @AM #eld V. cholerae non-01 CT 57} cholera
toxin A4S BAst 9hA%  cholera toxin® AJ4bdhx] gEthe

Park et al. (2003)9] Aot oW A&}

]

P
-

o el ANZRH, % FUAE RFSIL Aol v B F%
el de YA Qi #F7E FAY] vk WA fiel g
2ol M= PCRE o 8% # A% AEE Faaixw, WSAxs Wal
S48 waEE EAY AE%E WA waselol ¢ gom 47y
M, HE §AAE BT R0 ofd el HE uNue wHY
FoaleAel dE wrh we Aol gasn 47w
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Fig. 13. Detection of hemolysin gene from the 1solated V. vulnificus

PCR was done with synthesized VFI/VRI primers and Perfect premix (Takara Co.).
Amplified production were anaiyzed hy electrophoresis on a 2% agarose gel and treated
with ethidium bromide.

Lanel, V. wvulnificus H6, LaneZ, V. vwulnificus 19, Lane3, V. vuinficus H34, Laned, V.
vulnificus HAD: Laneb, V. vulnificus H41l, Lanet, V. vulnificus H42: Lane7, V. vulnficus Hed,
LaneB, V. vulnificus H64: TaneS, V. vulntficus FM29, Lanel0, V. valnificus FM33, Lanell, V.
vulntficus FM35: Lanel2, V. vulnificus FM54; Lanel3, V. vuinificus S50; Laneld, V. vuinificus

552
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Table 13. Detection results of hemolysis [actors

of V. vulnificus

Genotype Phenotype
 Hemolysin gene  Kanagawa
- from PCR phenomenon
H 6 + +
H 19 + +
H 34 + +
H 40 + +
H 41 + +
H 42 + +
H 60 + +
FM 29 + +
FM 33 + +
FM 35 + +
FM 54 ¥ T
S 50 +
S 52 +

Phenotypic detection of hemolysin was confirmed on TSA (5% sheep erythrocyte) plate.
Genotypic detection was conducted by PCR with VFI/VRI primers and Perfect premix

(Takara Co.).
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2 - 2 Urease Y4 V. parahaemolyticus®| tdh/trh 4%

Urease A V. parahaemolyticus®l  74-%°  hemolysin 41 4 A
(tdh/triyel ek el glvpiz Havh vl (Osawa et al, 1996;
Iida et al, 1997, 1998; Okitsu ct al., 1997, Okuda et al., 1997, Park et

, 2000). F o AFo A HolE urease YA VL parahaemolyticus
'ﬁ—’“'rc o] WEA hemolysin A2} tdh =+ FAbS A FAA rhE B
a3tz g=x Teolsts] Yo tdh Zi:g%— primers VPD-1/VPD-2%}
trh 7128 primers VPR-1/VPR-2 (Takara Co.)E *}-83lo] PCR= 3

sl Axl, 2el¥ urease YA V. parahaemolyticus 67 F (YKB4,
YKBI4, YFB20, YFO21, YFO22 % S25) A &= &% DNA7ZF &5 A
Fol olg dTEL tdWirhE Ha3hA @2 dos @iyt o ¢
e A3+ urcase’t hemolysin 4 zkeF A H e dAddo) 9l Ao
Haskil 9l Osawa et al. (1996), Iida et al. (1997, 1998), Okitsu et
al. (1997), Okuda et al. (1997), Park ct al. (2000) %2 A39}= 4ol
stk Osawa et al. (1996)2 $kzte} 7 & 2R 22 ¥ urease o
X V. parahaemolyticus 5o A tdhs B3 10677F 5 ucase FA &
ekl A 6% olatlal trhe: B3k BE i FE urcase TS o
eluidciar Bardted grhzt urease A FF 2 marker’t € 4 v

walgrl Okitsu et al. (1997)2 3219} 7FEE 25 H 288 urease
V. parahaemolyticus 97} 5% trhE 52 w3, torhel tdhE &
HAetar v o5l delAls TDHe wdel AaHiz 4342
trh7} tdhe) 23S YA s E‘J_S}O*LP. olE9 A= EeE
! E urease UM FFE0| tdhet thE BT BS54 &S Aoex g
15 2 oo J,} = oA Zolrp A, 2y, Park et al
(200002 trhe ZA &3S urease YA V. parchaemolyvticus TH3996 o+

O
o2 I

>

|

=]
T

}m

o 2 ox

e

7} hemolysin AL @A 5] AA A yrease AL wild typed} 7t
O A2 EE rh7b ureasey Aol 2 Q4E ollZlE AxE
B35S ok

o] Ab Osawa et al. (1996), Okitsu et al. (1997), Park et al. (2000),
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Srepar boelytel Ak e e F3e] M, urease U4

el tdh Birorhe] Bwel mriis shANE o]l B o 5Lt
ureasc2| Aol A A el ek A QlakE opdl Few A7}
rt

3. % DNAZ} PCR W0 mjx = st

7% DNA®] o] PCRyEZA vlxi= od3s HESALE V.
vulnificus S50-5 HI brothell 24A)3F wieFst, 1 vk e I =&
3t 8 DNAZ 05 ul, 1 pL, 2 L, 3 ul, 4 pL7tA oheksk 253 =

%ol 05 pLE A}

3 &t PCRHL‘“E 738 A3 Fig. 1494 & + 9
|l DNA T 2ol auAon FvArt ¥ 22 9w#S HI broth
uj} & o] 241\17¥ kel S ksl Al 10-10° cfu/mLel 3 sl
LRSS 05 pL AR Slg o A FEe 10107 cfud] ) o
wAe s AskAd WA Alatel 1 cell W EAsiEE R 2-34) 7
A& 7bstvts AdPolvh Fue] AgeA Wiow
Hol e 75Ul A 10@5 A= 7} *051 21k, PCR2 4l

w
b

[e]

e B

S5k Aebguiola ob% E2 49 wWuoldu & 4 ek vhu, oe)
AsoA RAY WEAAE HAGGD A TF BT AL oh
o, PCRE ol&dtel #4d B5ARE Holg 7ol vete] wd
P oysolae 44 FTE G FHow Wad Awel 548
sW m&Hd Aom grad

V. &+ vBagodF9 Hikd nx= 9o]L-o o3}
oy 529 #49 cofactor® FHEStrn dvA e 17 BE
27} ool (K', Na', Ca”’, Mg“. Fe*', Zn")0] hemolysin, protease '

urcased] &Aoo v A= gt 2ALESo)

1. Proteasc®] &Ao] vl xi:= 43
V. cholerae non-0O1 FM49¢} V. cholerae non-01 FM622] proteae
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Fig. 14. Detection of hemolysin gene with different concentration of
template DNA of V. vulnificus S50

PCR was done with synthesized VI1/VR] primers and Perfect premix {(Takara Co.).
Amplified production were analyzed by electrophoresis on a 2% agarose gel and treated

with ethidium bromide.

Lanel, 0.5 Ul Tane2, 1 UL Lane3, 2 UL; Laned, 3 DL, Lane5, 4 UL.
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ghafoll M Az ofel2] FE S fwAFS Aabi: Table 149 G RV
ghal s gane) 17F it 27F 4ol #-3 protease = #Hw S F7FSk
protease A4S At Axp K, Na, Ca’', Mg?, Zn" H9] ole&
protease?] Aol Al e w A @skorl Feo #H7bgtol A=
protease?] Aol <ok 50¢% AL A edvk wEbd V. cholerae
non-0O1 FM49¢ FM627F 42k8 = proteasei= K', Na’, Ca’, Mg,
0 %E cofactor® oFA ¥ Aew #HAHUTE o dui= V.
vulnificus?t A28 protease’t Zn® & cofactor®  LFEE zinc
metalloproteaseg}i= Mivoshi et al. (1987, 1997a, 1998)¢] i1 % V.
anguillarum®] metalloproteaseo] ¥3te] H 113k Norqvist et al. (1990),
Farrell and Crosa (1991) 2 Denkin and Nelson (1999) 52 A3}e}=
Abel st g, Mivoshi et al. (1987)o 98t V. vulnificus® protease:=
metalloprotease inhibitor #7lell ¢]&ted hA3 AAwgon Zn® =
- Fe @ zbol o) # A protease?] FAo] I EE:= AWz BE Zpt ©
= Fe' 7} protease®] Ao Hpaietn R udkddnh s+, Denkin
and Nelson (1999)= Mg”'& cofactor® £738tE V. anguillarum®
proteases a1k Hb 9low]  Farrell and Crosa (199D)% V.
anguillarum®) protease %3 Aol EDTA® metal ion & *| 33t A
o A Ca® ol Zn? s W7o #Z = protease? o] FE¥A
ergro) Ca’# Zn" & B Aldl H7lebA proteased] o] I E =
’“5473345;'_“‘151 Ca” 3 7Zn*' & Aol cofactors® & 3= protease
gt Buskul o], o] dFHaEe] oSt Vibrie% 2 protease
= metalloproteascod Ao g FAol wHiu} E oAFolA ®Ilg V.
cholerae non-012] proteasei= #olA 95 3% metal ionseoll 23] &4
o] W7l gl e Fe'' #H7b Aol 289 gAdo] 50%u AEE
A8k Kol g metalloprotease’} opd Zl o2 deolx o)
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Table 14. Effect of cations on the protease activity of V. cholerae
non-01

Relative protease activity (96)

Cations s
FM62 FM49
Control 100 100
K 97 106
Nat 93 105
Ca™’ 95 90
Me™ 99 84
b 51 56
i’ 90 108

All cations were sulfate salts except for calcium lon (CaCls).

The final concentration of each cation was 2mM (0.1mM for Zn’) in the reaction buffer.
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2. Hemolysin?] Ao nj A= g

V. uvulnificus FM29, V. cholerae non-0O1 FM492F FM62¢]
hemolysin Ao w1 2] 3= o] P-2] ¥k %413k A2 Table 159
RS K, Na', Ca”', Mg, Zn™ %€ hemolysin® H4de] =17
waks v AR A ekskovt V.o ovulnificus FM29%9} V. cholerae non-0l
FM622] 4% FC A7 el Mz dlz=-9F vlaisle] ofF 26-270 &

I LFEHH o V. cholerae non-01 FM49¢] Aol %= oF 2uj
A5 =2 dAS vehglth o4 hemolysin® Fe''o] &xj& uf -1
stadol #AS Frrelden o] Fel'o] #dE a0 &4 cofactor®
283} o =, K, Ca”,

7] wEoew S £ Q. ole; e 4
Mg™ %ol V. vulnificus® hemolysin @410l 72l odas w4 29
Clir H 313 Lee and Park (1997)¢] 4dxe} A&t ek 1evt
Miyake et al. (1989), Park et al. (1994), Shinoda et al. {1985), Zitzer
et al.(1995), Miyoshi et al. (1997b), Raimondi et al.(2000) & V.
metschrukovti, V. vulnificus, V. cholerae n()ﬂ*Ol V. mimicus, V.
parahaemolyticus 5°] 44& hemolysine] Ca®', Mg”, Mn® 9] <
ol 2ol efef shdo] o= Ao E‘.P—O}L o] & Ao Ao}
7= kol 7 QlSlvh. Park et al. (1994)2 V. vuinificus®) hemolysinell 2}
# Mdyel FAF transmembrane pores Ca’'o] AFE 4 §l7] o
ol HEae 9] FolAM AHF B3 EA (osmotic protectant) A&
shof, whebd AEpE ojR R REje]  Sulf9e AdstEag A
EURe] AR F7HE WolFHEE hemolysing A S A I
Harakelok #H <t Miyoshi et al. (1997b)¥} Raimondi et al. (2000)2
hemolysin /3¢ gk Fol&2] g ii= ion channelﬂ’r AZE Aok
st drh. Mivoshi et al. (1997b)ol o} s} , Zn®, Ni¥', Mn® %
g oI hemolysin #4 5 Qﬁhlmﬁﬂﬂ IIWKWIQQ?*H
TORZ HEH= Jd7duE Basgon, olad ool o
hemolysin &4 2] akeli= ion channel®} A7} 2ok Mg 7 Ca'2
d%oli= hemolysin® €& A5} 7]= spA R, 919 o] &5 w)i=
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Table 15. Effect of cations on the hemolysin activity

Relative hemolysin activity (9%)

Cations V. cholerae non-01 V. cholerae non-01 V. vuinificus
FM62 FMA49 FM29
Control 100 100 100
K a7 34 124
Na 93 ol8) 103
Ca’ 84 90 84
Mg 99 88 78
Fe” 270 196 260
Zn” 94 52 86

All cations were sulfate salts except for calcium ion (CaCly).

"I'he final concentration of each cation was 2mM (0.1mM for Zn®) in the reaction buffer.
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cH don channel2bs= H-3kgk Ao R ®Woarskal Qv

3. Urcase2] Aol v x| o
V. parahaemolyticus KB4, KB14, YFO21l, YFO22 % S259] urease
gt o) plx]= crol &9 g8ke AAYE AME Table 169 veERE S U
K', Na', Ca”, Mg*, Zn"" 59 o] && urease?| Aol 719 g
22 orero, Feo A7t A urease] @Alo] UhA A= A

o]
FS el et 2 JES v A A= &= Ao s yEeh
VI. A3 55 digt e vjB e #F9 in vivo BA &4

1. Hemolysin, protease 2 urease?] X|A}&54

HAA v B o] A= hemolysin, protease 2 urease®] =4
A Hotst7] Yste] 7ZhE WmclaE A4dste 28 o2 ICRE:
=} 2 100k ell HBAFAbst AAbSA S vl RARE AT E
Table 17e] YeRTE g2 24 Ae|HdTE A 2537 4
WAX FFEATT V. parahaemolyticus KCTC24718 FAS 2185 A}
&35t o 0]“?;; HE7 15 hemolysin DA V. parahaemolyticus
S3d4elk 8725 FARE awFelA e A AREAde]l o bR sk e
L}, hemolysin A V. vulnificus FM292 FAL 8 189 A &L
40%, protease ¥4 V. parahaemolyticus FM39¢} FM50S FAS 1H
o]  HAREL b 40%=F  60%F vk A, urease Y4V
parahaemolyticus YKB4, YKB14$} S25 5& FAS lf—% A} A& =
60-R0%F Tt M+t 9 ureaser Q. ZAAMZ rRUol MHZ AJQAYA
A HwlE Tl el oA Fd gglaw %-‘?414 At
(Mobley et al., 1995). 9% <4252 Proteus mirabilis®l urease’}

st dEe Aedede] fgle] @ 5 g wian 3l

o [-rl
> mim

o
=

ol
)
=]

(Aronson et al, 1974, Braude and Siemienski, 1960; Johnson et al.,
1993; Jones et al., 1990; MacLaren, 1968, 1969, 1974; Musher et al.,
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Table 16. Effect of cations on the wurease activity of V.

parahaemolyiicus
Cations Relative urease activity (%)
KB4 KB14 YFQO21 YFO22 525
Contrl 100 00100 100 100
K 105 107 101 101 113
Na’ 105 103 105 97 109
Ca” 106 109 106 113 110
Mg” 111 114 114 107 121
Fe™ 78 77 82 86 76

7n” 103 106 101 110 111

All cations were sulfate salts except for calcium ion (CaCls).

The final concentration of each cation was 2mM (0.1mM for Zn°") in the reaction buffer.
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Table 17. Comparison of the wvirulence differences of the isolated

vibrios by their pathogenic factors

' Lethal time Lethal rate

Phcnotyplc B -
pathogenic factor (hr) (96)
Buffered salne ~ Control 0
None V. parahaemolyviicus KCTC2471 0
Urease V. parahaemolvticus YKBA4 45~11.0 60
V. parahaemolvticus YKB14 9.0~12.0 60
V. parahaemolyticus 525 6.0~24.0 30
Protease V. parahaemolyticus FM39 40~13 40
V. parahaemolvticus FM50 5.0~8.0 a0
Hemolysin V. parahaemolyticus $34 : 0
V. parahaemolyticus S72 0
V. vulnificus FMZ29 8.0~16.0 40

Fach bacterial suspension (05 mL of 107-10° c¢fu/ml.) was inoculated intraperitoneally into

groups of 10 each of ICR mice (7- to 10-week-old male). Each test was done duplicate.

Mortality indicates the ratio of dead to total 10 mice inoculated.
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1975). Staphviococcus saprophyticusi> 52 71 o Adef glo]la]l &3
SEgel 419l Ao Wy ¢lt} (Osterberg et al, 1990).
IHelicobacter pyloridl  =jek el % urcascs} ¥&e] 9ot
(Cover and Blaser, 1995; Fujino et al., 1974; Hawtin et al., 1990).
oot Awbol A, urease %A V. parahaemolyticus o A H

v 2441 2F ool ApwbElsl o A AFE T 60-80% % hemolysin
YA AT protease YA Wb E2 AARSA S UERY AT ER
ddE vheze] FTIRREE dHew 49 A7 urease ¥ V.

parahaemaolyticus7} A Z&5 vk Ao g WA vEg]e el i
Kol ’Huelzag 4 9+ hemolysin 3= protease A4 FHUT
urease Aol g AL UE e AL FEIL e 4ol
vl oupgba] &5 wolAl ulv g eite] B EA A urcaseE marker
= oalystelof & Ao r AbmE UL

2. In vivio 549l v] A= iron-dextran®] 9

YA in vitro A9l AFelA Fole F H o] & (Fe'')olhemolysin?]
AL ov) ol HHAAI= AAE ARLEF (Table 15), AAZE in
vive YelAM%E hemolysin® A& HAAFN=A F=ASH] 2EHA,
iron-dextrang vl AF g T 200 ugH =5 B4 FARE 308 F
o, hemolysin &4 MBI edE& FTAEY] AXp5AdE vjudt A7 E5
Table 184 YeRWAT} &, iron-dextran A2l 79 FAHel7 (d=2F)
o] ICR v}§-2 L&) hemolysin YA 35 (V. parahaemolyticus H27,
V. vulnificus FM29, V. alginolvticus S42), urease A5+ (V.
parahaemolyticus YKB4) % protease S+ (V. parahaemolyticus
FM39)E 44 B4sAbstil AAbE549 Mes v A=

UreaseS} protease %A #55 418 21EA M= iron-dextran #
g 7ol tiaFolAe] AAREA zbol7l uebubA] F AT F, protease
SFA V. parahaemolyticus FM399F urease 94 V. parahaemolyticus
YKB4el] 2|3 X A& 7b7b 40%eF 70% 4 em o]} e A
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iron-dextran A #]--¢F o) szqtell A s edskelvk. Crelvh hemolysin ¥4
L EARel el Ai dron-dextran WAk thEARe] A AbE©]
ozbolE Belvl 25 hemolysin YA V. parahaemolyticus H272 tf
el A 20%9 AAES YERHR e iron-dextran A ] 7ol A =

10095 58 =& 2AE-S JERHS Y Hemolysin 44 V. vuinificus
FM293= thZ ol A& A& o] 40% 9 1} iron-dextran A 2] 1-of A] =
90% = 259, hemolysin %4 V. alginolyticus S42%= ZEFoA 2| A}
#o] 50%9d Aol iron-dextran e FolAd= 100%% 2wh A ek
ok o)Ak jron-dextran A #-toll A= &Rl H]8] hemolysin 4
oo oE =RAFEo]l 2-5u] ol A YERWTE (Table 18). gHA,

dFE B FAbeE vhesd) Ay 2 5el WY RaS

J

hemolvsin %A

pate) mw, ool vl dAFon ok RE dhor, 4
wi Axae W] sl L AE BEY £ AW (Fig.

15). ole} 7+& Aui= iron-dextrans ¥ 3k H7} T84 g2 Ux
“Foll vl V. pulnificuse] 7= #so] =gtk Starks et al.(2000)
o] Ay W Fe'e] ZAAl hemolysing Ao AAsA Z7tets B
Aglel in vitro Aot dxgt S V. vuinificus 219 V.
parahaemolyticus$ V. vulnificus 59 hemolysin A4t T2 &

Ads A&+ ARemm, ABHom Hol (Fe') o &A=
3

r

hemolysin® in vitro/in vivo FA4E& A4 FR8= AS <

t}.

3. Hemolysinol €& #]ax2 28 A &4

Hemolysin® WA vHe] e dif4e 28Y HEAARA
o] gl A 7t &3 Al&Eolgton (Gray and Kreger, 1985;
Kreger and Lockwood, 1981; Cherwonogrodzky and Clark, 1982;
Honda ct al, 1988; Kaper et al., 1984; Raimondi et al, 2000), ©]
hemolysin® 4875 st ste] Hol& (Fe')& Agdorm ulng

Q3fel FTHE EHEe AR re# v (Simpson and Oliver,
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Table 18. Effect of ferrous iron on the virulence of hemolysin

Lethal rate (99)

L Pathogenic
Stramns Iron-dextran
factor Not treated
e o treated
V. paraha Iyvticus .
! CmOLyReus hemolysin 20 100
HZ7
V. vulnificus .
hemolysin 40 a0
FM29
V. alginolyticus
gimoty hemolysin 50 100
542
V. parahaemolvticus
drease 70 70
KB4
V. parahaemolvticus
protease 40 40
FM?39

Each bacterial suspension (0.5 mbL of 10'-10" efuw/ml.) was inoculated intraperitoneally into

groups of 10 each of ICR mice (7- to 10-week-old male}). Each test was done duplicate.

Mortality Indicates the ratio of dead to total 10 mice inoculated.
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Control

B

Fig. 15. Intestinal view of mice infected with hemolysin—positive V.
vulnificus FMZ29.
A.

not-treated with iron-dextran; B, treated with iron-dextran

The hacterial suspension (0.5 ml of 10°-10" cfuw/mL) was inoculated intraperitoneally into

[CR mice (7- o 10-week-old males). Control 1s the mouse injected with 0.85% Na(l sol'n.
A and B is the mice injected with V. vulnificus FM29
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1983; Litwin et al.,1996; Britigan et al., 2000). ¥ 3ol A in vitro/in
vivo el A Mol & (Fe)o] EAsH 24tEAe] HA5 = AdE
it} (Table 18, Fig. 15). m}a}x{ hemolysine] KA & o] So]lHo g
&8 FEA #A#HE7] 98ked, hemolysin ¥4 vt F (V. vulnificus
FM29), protease AT (V. parahaemolyticus FM39), urease %A+t
T (V. parahaemolyticus S25) 2 hemolysin#} protease A7 (V.
cholerae non-Ol FM44)Z iron-dextran &l (200 png/g of mouse)
& A el ICR vbg-2oll #ak FARgE 1A 7 $of ICR ‘3}-?— 1
-yt " RE #Ad AaE Fg 16, Fig. 17 ¥ Fig. 18°ﬂ
LHERRRITE TR e Ay adesE FANEE by
FEstA T Protease Sk 3 urease Y-S I
P, RAERe et & Aol gl AdAHQ
}. 187y hemolysin FA TS FASE 7 §-o] = ¥] 8} :
Aa 245e wRed = ddd (Fig. 17). v
iron-dextrang *2]g 30 Oﬂ hemolysin %4 F& I3} FA
2 (B A obs- gl ste] RAEIe] E4EET o5
?:5}74 LHER G s b
ol Ake] AxzRE] WA dH ]iﬁQl hemoly%in% TAE T B
o] o E4AE FE FaRA, 5 Holg (Fe) &4 dtollAl= in

=
vitro/in vivo 5’3o W& AshA eSS S0E 5 2l

oln
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Control

B
Fig. 16. The photograph (X40) of hypodermic blood capillary of mice
injected with urease-positive (A) and protease—positive (B) vibrios.

Bacterial suspension (0.5 mL of 10°-10° cfu/mL) was injected hypodermically into ICR mice.

Each test was done duplicate. Control is the mouse injected with 0.85% NaCl sol'n.

AV pardhaemolyticus 525 (urease-positive)) B, V. parahaemolyticus  FM39

tprotease-positive}
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Control

Fig. 17. The photograph (X40) of hypodermic blood capillary of mice
injected with hemolysin-positive vibrios.
Bacterial suspension (3.5 mL of 10° 10" cfu/mL) was injected hypodermically into [CR mice.
Contral is the mouse injected with 0.85% NaCl sol'n.
A, V. vulnificus FM29 themolvsin-positive): B. 1. cholerae non-01 FM44 (hemaolysin and

protease-positive)
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Control

Fig. 18. Effect of iron—-dextran on the virulence of hemolysin.

The TDacterial  suspension (05 mL  of 10-10" cu/mL) of V. vulnifices  FM29
themolysin-positive)  was  injected  hypodermically into ICR mice. Each test was done
duplicate.

A, not treated: B, iron-dextran treated

_74_



20015455 2003 7A] %ﬂ—{‘}?—l ke Agkaael Fad WUy
At oAl sprpbe] syl ofHollAl WA nlEeoste els)

Q
-1l
rO

of  “1io] ABAFERI= hemolysm protease % urease 4t patterne %
Abatg Tk &, hemolysin¥ protease®] A#37, hemolysinol o gt

o] 2ol odg W=zt Al&HHEHE dESHET, of&e] v
H B & @O sy hemolysin 2 protease -4 V.
parahaemolyticus oA ZFEst WAL S el & urease YA T2
Aghetd 54 H¥sEol et AAESAES FARS AdE acorstd
ofzf et}

—

C AR Bete] siardlA EelE vlEee s F TE MAd T, o
¥ @ENSE V. parahaemolyticus 37% (64/174), V. cholerae
non-01 20% (35/174), V. alginolvticus 18% (31/174), V. vulnificus
13% (22/174), V. fluvialis 9.8% (17/174), V. hollisae 1.7% (3/174), V.
mimicus 1.1% (2/174)2] ol s},

2. Aotg]|oA Ry wvEIL 174VT F ¥ =592 (hemolysin,
protease % urease) 4TI v & 61% (107/174)°) 3]t}

3. EEE s Fordlel A EEH V. cholerae non-012] 92% (33/36),
V. parahaemolvticus®l 53% (34/64), V. fluvialis®] 76% (13/17), V.
vulnificus @ 73% (16/22), V. alginolyticus® 6% (8/31) 7} hemolysin,

protease 3= ureaseZ Al Al 51}
4 vjBE e FFH HWEAAE hemolysine 2 defx goy £ <1

-+ofl A %fi}% V. parahaemolyvticusi=  protease (80%, 41/51)&, V.

cholerae non-01& hemolysin® protease B 5% (79%, 26/33)%, 1]t
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V. ovulnificusS- hemolysin (94%, 15/16) % #3532 A akskalu),

5. el¥l V. parahaemolyticus & 1563T &5 urcase YA
3.8% (6/1 s6)ol =], @lgol A 3va (V. parahaemolyticus S25,
YKB4 % YKBI14), &3 oAFo Al 330 (V. parahaemolyticus
YFB20, YFO21, ¥ YFO22) ¥ 2% v},

6. Urease %A V. parahaemolyticus 630> hemolysin¥} protease &
AL vep A goter) ICR vhg-2=o 3t A5 hemolysin A
AU protease A Atiraol B &) sk

7. V. parahaemolvticus YKB4, YKBI14, YFB20, YFO21 % YFO022¢]
urease &4 HAGV] Fvlol vekurl Alasle] kA Y] =] 7EA] A
& ZrheteE AES veld d9bA V. pardhaemolyticus S25% EE
A7l Z2vell wES A Frhete] AVl &71d Ao 45 uvEh AL
A WA A &EE S Eblo], urease $AE gl o

o hE e ehEh

8 V. parahaemolyticus® urease AL urea® HrlsHA %S
Luria-Bertani broth wiAlel = A&l el o ureas 0.1% Ee
02% H71g o o4 FJA=AoY, 1 ol FRoAAME wHeo T4

urcase = 5 @At}

9. V. cholerae non—-01 3575 EFoA Fuegls54A/24x7 HE5 A
% Skt

10. V. vulnificus 14305 (H6, H19, H34, H40, H4l, H42, H60, H64,

FM29, FM33, FM35, FM54, S50, S52)o] A hemolysin A A7 A& 5
2o} = SH0 S52+ hemolysin@ Al S VERH A = vlrd of
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Foldvt.

11. V. cholerae non-Ol¢] A& hemolysind proteasee] 73H3HA|
= xAsE A, dEaEFAr] 27 B2E O E7d Fr AdEs
hemolysine 5 217] 7)ol akE i proteasee] 2H A1 W3 4

[e) —
B8 W= Adow IRIH A

12. K. Na", Ca”", Mg?, Fe', Zn®" S92 ofo]&2 protease & urease
o] BAo| 2 o3aS x|z @erort Fe© &4 stell A hemolysing]
g2 238 F7hskd vt

13. In vivo ‘3ol A] hemolysin®] EA4 o] 1| = Fe'o] &g #4batv|
?18ked, iron-dextran @ % ICR k%29 hemolysin A a5 (V.
parahaemolyticus H27, V' vulnificus FM29 ZL2]3r V. alginolyvticus
SA2)E 7k FASE A jron-dextran A 2]&lA] %2 R ol H] 3k
2| abg ol 2u) o] =A vhEbwtT)

14. Hemolysin A4t F5 ICR vb§-~9 & Hlgtzo] FApg AT
RAES B4kl FEEU LT fron-dextrans Mg nh¢LolA = &
}2)]76]‘:7]' Ev‘% 116]'7'” L]'E]'/V\Tq--

15, 7 WEdAe =48 waustr] 9k urease FHAF (V.
parahaemolyticus YKB4, YKB14 -1¢]31 S25), protease A (V.
parahaemolyticus FM39¢F FM50), “i¢lil hemolysin A TF (V.
parahaemolyticus S34%} S7T2)E 7ZHzF ICR vhb9-2o 87 A8t 2 A}
=AS W 2ARE A3 hemolysin FA TS AAEAS YEHEA
o9k ot protease WA TF 40-60%9] A ALES, 7123l urease U4
FFE 60~80%9] EL A4S v
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B2 g] @ it 2] w591 2F2) hemolysin, protease # urcase

=oatEH e ol FAke vehdlgl e 58] urcase YAV
th ¥+ 2 A5 A o] hemolysin A2kt

parahaemolvticus®] ICR vF-%- 29
Fuboprotase AAFFOl sl wlg A cebgoh webd @V

parahaemolyticus® 2] A Al urcascE marker® & sfejol st

,7‘8,



5t

5]

L

ZHAbel

A Az

b oh7h g

©

Fut

I5)

1Ho

ol 7t

3

1

Al 7

+

o .
wlpy, §5%

393

2} 5L

o]
L
1

|

ok

o

i

L}

i)

o 28]lEoF

A
T

X iy

A

5}

| ot
A

e

A
AbiE

!

i

[=]

aFA)

EET
- 79 —

7)

YUk e 1

]

b
o

F ke S

| okE

a

off 1Al 4

T
T

a1



2 a1 53

-

Abbott, S.L.., C. Powers, C.A. Kavsner, Y. Takeda, M. Ishibashi,
S.W. Joseph and JM. Janda. 1939, Emergence of a restricted
bioserovar of Vibrio parahaemolvticus as the predominant cause

of Vibrio—associated gastroenteritis on the West Coast of the
United States and Mexico. J. Clin. Microbiol., 27,2891~-2843.

Aronson, M. O. Medalia and B. Gnffel. 1974. Prevention of
ascending  pyvelonephritis in  mice hy  urease inhibitors.
Nephron., 12, 94-104.

Barbieri, E., L. Falzano, C. Fiorentini, A. Pianetti, W. Baffone, A.
Fabbri, . Matarrese, A. Casierc, M. Katouli, [ Kihn, R.
Moliby,  F. Bruscolini and G. Donelli. 1999, Occurrence,
diversity, and pathogenicity of halophilic Vibrio spp. and
non-0O1  Vibrio cholerae from estaurine waters along the
[talian Adriatic Coast. Appl. Environ. Microbiol., 6D,
27482753,

Braude, A. and J. Siemienski. 1960. Role of bacterial urease in

experimental pyelonephritis. J. Bacteriol., 80, 171-179.

Britigan, B.E., G.T. Ramussen, O. Olakanmi and C.D. Cox. 2000.
Hol & acquisition from Pseudomonas aeruginosa siderophores
by human phagocytes: an additional ~mechanism of host

defense  through iron sequestration?  Infect. Immun., 68,
1271-1275.

,80_



Caldini, (., A. Neri, S. Cresti, V. Boddi, (.M. Rossolini and E.
Lanciotti. 1997, High prevalence of Vibrio cholerae non-0l1
carrying heat-stable-enterotoxin—encoding  genes among  Vibrio
isolates from a temperature-climate river Basin of central Italy.
Appl. Environ. Microbiol., 63, 2934-2939.

Cary, JW. JF. Linz and D. Bhatnagar. 2000. Microbhal
foodborne diseases. Technomic Pub., pp. 157-190.

Chaudhuri, K., R.K. Bhadra and J. Das. 1992. Cell surface
characteristics of environmental and clinical isolates of Vibrio
cholerae non—0O1. Appl. Environ. Microbiol., 58, 3567-3573.

Cherwonogrodzky, JW. and A.G. Clark. 1982. The punfication of
the Kanagawa haemolysin from Vibrio parahaemolyticus. FEMS
Microhiol. Lett., 15, 175-179.

Chow, K.H., T.K. Ng, K.Y. Yuen and W.C. Yam. 2001. Detection of
RTX toxin gene in Vibrio cholerae by PCR. J. Clin.  Microbiol,,
39, 2594-2597

Cover, TIL. and M.J]. Blaser. 1995 Helicobacter pylori: a
bacterial cause of gastritis, peptic ulcer disecase, and gastric
cancer. ASM News, 60, 21-26.

Denkin, SM. and D.R. Nelson. 1999. Induction of protease
activity in Vibrio anguillarum by gastrointestinal mucus. Appl
Environ. Microbiol.,, 65, 3555-3560.

Division of Bacterial Respiratory Infections, KNIH, KCDC. 2004,



Analysis on the epidemiological and Biochemical
characteristics of Vibrio vulnificus infections n 2003.

Communicable Discases Monthly Report, 15, 95-94.

Edward, P.D., JM. Janda, I.A. Frederic and ].B. Edward, 1934
Comparative studies and laboratory diagnosis of Vibrio vulnificus,
an invasive Vibrio sp. J. Clin. Microbiol., 19, 122-125.

Eko, F.O. 1992. Urease production in Vibrio parahaemolyticus: a
potential marker for virulence. Eur. J. Epidemiol., 8, 627-628.

Farrell, D.H. and J.H. Crosa. 1991. Purification and
characterization of a secreted proteasc from the pathogenic marine

bacterium Vibrio anguillarum. Biochem., 30, 3432-3436.

Food and Drug Administration. 1992. Bacteriological Analytical
Manual 7th ed., AOAC, Arlington, VA. U.S.A.

Fujino, T. R. Sakazakim and K. Tamura. 1974. Designation of
types strain of Vibrio parahaemolyticus and description of 200
strains of the species. Int. J. Syst. Bacteriol,, 24, 447-449.

Gray, L.D. and AS. Kreger. 1985. Purification and
characterization of an extracellular cytolysin produced by Vibrio

vulnificus. Infect. Immun., 48, 62-72.
Hawtin, P.R., A.R. Stacey, and D.G. Newell. 1990. Investigation  of

the structurc and localization of the urease of Helicobacter pylori

using monoclonal antibodies. J. Gen. Microbiol.,, 136, 1995-2000.

,82,



Herrington, DA, R.H. Hall, G.A. Losonsky, J.J. Mekalanos, R.K.
Tayvlor and M.M. Levine. 1988, Toxin, toxin—coregulated pili, and
toxIt regulon are cssential for Vibrio cholerae pathogenesis in
humans. J. Exp. Med., 168, 1487~ 1492.

Holt, J.G., NR. Krieg, PHA. Sneath, J'T. Staley and S.T.
Williams. 1994. Bergey’'s manual of determnative bacteriology 9th
ed. Wilhams & Wilkins, U.S.A. pp. 273-274.

Honda, S., S. Matsumoto, T. Miwatani and T. Honda. 1992, A
survey of urease-positive Vibrio parahaemolyticus strains isolated
from traveller’'s diarrhea, seawater and imported frozen seafoods.
Eur. J. Epidemol., 8, 861-864.

Honda, T., M. Arita, T. Takeda, M. Yoh and T. Miwatani. 1985.
Non-O1 Vibrio cholerae produces two newly identified of toxins
related to Vibrio parahaemolyticus hemolysin and Escherichia coli

heat-stable enterotoxin. Lancet., 1I, 163-164.

Honda, T. Y. Nt and T. Miwatani. 1988. Purnfication and
characterization of a hemolysin produced by a clinical isolate of
Kanagawa phenomenon-negative Vibrio parahaemolyticus and

related to the thermostable direct hemolysin. Infect. Immun., 56,
961-965.

Huq, M., D. Huber and G. Kibryia. 1979. Isolation of urease

producing Vibrio parahaemolyticus strains from cases of
gastroenteritis. Indian J. Med. Res., 70, 549-553.

,83,



Ichinose, Y., K. Yamamoto. N. Nakasone, M.J. Tanabe, T.
Takeda, T. Miwatani and M. Iwanaga. 1937. Enterotoxicity of El
Tor like hemolysin of Vibrio cholerae non-0Ol1. Infect. Immun., 55,
1090-1093.

lida, T. K.S. Park, O. Suthienkul, ]. Kozawa, Y. Yamaichi, K.
Yamamoto and T. Honda. 1998. Close proximity of the tdh, trh

and wre genes on the chromosome of Vibrio parahaemolyticus.
Microbiol., 144, 2517-2523.

Iida, T., O. Suthienkul, K.S. Park, G.Q. Tang, R.K. Yamamoto, M.
Ishibashi, K. Yamamoto and T. Honda. 1997. Evidence for genetic

linkage between the wre and trh genes in Vibrio
parahaemolyticus. J. Med. Microbiol., 46, 639-645.

Iwanaga, M. and T. Kuyyakanond. 1987. Large production of
cholera toxin by Vibrio cholerae Ol in yeast eXtract peptone
water. J. Clin. Microbiol., 22, 405-408.

Jegathesan, M. and T. Paramasivam. 1985. A strain of
urease—producing Vibrio parahaemolyticus isolated in Malaysia. J.
Diarrhoeal Dis. Res., 3, 162.

Johnson, D.E., R.G. Russell, C.V. Lockatell, JW. Warren and
H.L.'T. Mobley. 1993. Contribution of Proteus mirabilis urease to
persistence, urolithiasis, and acute pyelonephritis in a mouse

model of ascending urinary tract infection. Infect. Immun., 61,
27482754,

_84_



Jones, B.D.,, CV. Lockatell, D.E. Johnson, JW. Warren, and
H.L.T. Mobley. 1990. Construction of a urcase—negative mutant of
Proteus mirabilis: analvsis of virulence in a mouse model of

ascending urinary tract infection. Infect. Immun., 58, 1120-1123.

Joseph, S.W., R.R. Colwell and J.B. Kaper. 1982. Vibrio
parahaemolyticus and related halophilic  vibrios.  Crit.  Rev.
Microhtol., 10, 77-124.

Kaper, J.B., H. Lockman, R.R. Colwell and S.W. Joseph. 1979.
Ecology, serology, and enterotoxin production of Vibrio cholerae
in Chesapeake Bay. Appl. Environ. Microbiol., 37, 91-103.

Kaper, ]J.B., J.G. Morris Jr. and MM. Levine. 1995. Cholera. Clin.
Microbiol. Rev., &, 48-86.

Kaper, JB., R.K. Campen, R.J. Seidler, M.M. Baldimi and 5.
Falkow. 1984, Cloning of the thermostable direct or Kanagawa

phenomenon—associated hemolysin  of Vibrio parahaemolyticus.
Infect. Immun., 45, 290-292.

Kaysner, CA., C. Aberta, P.A. Trost, WE Hill and M.M.
Wekell. 1994, Urea hydrolysis can predict the potential
pathogenicity of Vibrio parahaemolyticus strains isolated in the
Pacific Northwest. Appl. Environ. Microbiol., 60, 3020-3022.

Kelly, M. and EM.D. Stroh. 1989. Ureasepositive, Kanagawa

negative Vibrio  parahaemolyticus from  patients and the

- 85._



environment in  the Pacific Northwest. J. Clin. Microbiol,, 27,
2820 - 2822.

Kiivukia, C., A. Nakajima, T. Nakai, K. Muroga, H. Lawakami and
H. Hashimoto. 1992. Vibrio cholerae non-01 isolated from avyu
fish in Japan. Appl. Environ. Microbiol., 58, 3078-3032.

Kim, SH, M.Y. Park, Y.E. Lee, MH. Cho and D.S. Chang. 1997.
Characteristics of hemolysin produced by Vibrio cholerae non-01
FM -3 isolated from seawater. J. Korean Fish. Soc., 30, 556-561.

Kosary, MK. and AS. Kreger. 1985 Production and partial
characterization of an elastolytic protease of Vibrio vulnificus.
Infect. Immun., H0, 534-540.

Kreger, A, and D. Lockwood. 198]1. Detection of extracellular
toxin(s) produced by Vibrio vulnificus. Infect. Immun., 33,
5&83-590.

Lam, S. and M, Yeo. 1980. Urease—positive Vibrio
parahaemolyticus strain. J. Chin. Microbiol., 12, 57-59.

Lee, BH. and H.J. Park. 1997. Study on the hemolysin from

marine V. vulnificus. J. Kor. Environ. Sci., 6, 225-229.
Litwin, CM. T.W. Rayback and J. OSkinner. 1996, Role of

catechol siderophore synthesis in  Vibrio vulnificus  virulence.
Infect. Immun., 64, 2834-2838.

,86_



MacLaren, D.M. 1968, The significance of urease in  [’roteus
pyelonephritiss a bacteriological study. J. Pathol. Bacteriol,, Y96,
45 -H6.

MacLaren, DM. 1969. The significance of wurease in Proteus
pvelonephritis: a histologica and biochemical study. J. Pathol.
Bacteriol., 97, 43-49.

MacLaren, D.M. 1974. The influence of acetohydroxamic acid on

experimental Proteus pyelonephritis. Invest. Urol., 12, 146-149.

Magalhaes, M., V. Magalhaes, M.G. Antas and S. Tateno. 1991
Isolation of urease-positive Vibrio parahaemolvticus  from

diarrheal patients in northeast Brazil. Rev. Inst. Med. Trop. Sao
Paulo., 33, 263-265.

Magalhacs, M., Y. Takeda, V. Magalhaes and S. Tateno. 1992
Brazillian urease—positive strains of Vibrio parahaemolyticus carry
genetic potential to produce the TDH-related hemolysin. Mem.
Inst. Oswaldo Cruz Rio de J., 87, 167-168.

Mel, S.F., K.J. Fullner, S.M. Mackin, WI Lencer and ].J.
Mekalanos. 2000. Association of protease activity in Vibrio
cholerae vaccine strains with decreases In transcellular epithelial

resistance of polarized T84 intestinal epithelial cells. Infect.
Immun., 68, 6487-6492.

Miyake, M., T. Honda and T. Miwatani. 1989. Effects of divalent

cations and saccharides on Vibrio metschnikovii cytolysin—induced

_87_



hemolvsis of rabbit ervthrocytes. Infect. Immun., 57, 158-163.

Mivamoto, Y., T. Kato, Y. Obara, S. Akivama, K. Takizawa and 5.
Yamai. 1969. In vitro hemolytic charactenstics of Vibrio

parahaemolvticus: its close correlation with human pathogenicity.
]. Bacteriol., 100, 1147-1149.

Mivoshi, N. C. Shimizu, S. Miyoshi and 5. Shinoda. 1957
Purification and characterization of Vibrio vulnificus protease.

Microbhiol. Immunol., 31, 13-25.

Miyoshi, S.I., H. Wakae, K.I. Tomochika and S. Shinoda. 1997a.
Functional domains of a zinc metalloprotease from Vibrio

vulnificus. ]. Bacteriol., 179, 7606-7609.

Mivoshi, SI, K. Sasahara, S. Akamatsu, M. Monzur Rahman, T.
Katsu, K.I. Tomochika and S. Shinoda. 1997b. Purification and

characterization of a hemolysin produced by Vibrio numicus.

Infect. Immun., 65, 1830-1835.

Miyoshi, SI., H. Nakazawa, K. Kawata, KI1. Tomochika, K. Tobe
and S. Shinoda. 1998. Characterization of the hemorrhagic reaction
caused by Vibrio vulnificus metalloprotease, a member of the

thermolysin family. Infect. Immun., 66, 4851-4855.

Mobley, HL.T. MD. Islandand and R.P. Hausinger. 1995.
Molecutar biology  of microbtal ureases. WMicrbiol. Rev., 59,
451-480.

_88_



Musher, DM, D.P. Griffith, D. Yawn and R.D. Rossen. 1975.
Role of urease In pyelonephritis resulting from urinary tract
infection with Proteus. ]. Infect. Dis., 131, 177-181.

Nandi, B., R.K. Nandy, A.CP. Vicente and A.C. Ghose. 2000.
Molecular characterization of a new wvariant of toxin-coregulated
pilus protein (TcpA) in a toxigenic non-01/non-0139 strain of
Vibrio cholerae. Infect. Immun., 68, 948-952.

Norgvist, A., B. Norrman and HW. Watz. 1990. Identification
and characterization of a zinc metalloprotease associated with

invasion by the fish pathogen Vibrio anguillarum. Infect. Immun.,
o8, 3731-373

Oberhofer, TR, and JK. Podgore. 1982. Urea-hydrolyzing Vibrio
parahaemolyticus associated with acute gastroenteritis. J. Clin.
Microbiol., 16, 581-583.

Oh, EK.,, Y. Tamanoi, A. Tovoda. K. Usui, S. Miyoshi. D.S.
Chang and S. Shinoda. 1993. Simple purification method for a
Vibrio  vulnificus  hemolysin by a  hydrophobic  column
chromatography in the presence of a detergent. Microbiol.
Immunol., 37, 975-978.

Okitsu, T.,, R. Osawa, S. Pomruangwong and S. Yamai. 1997
Urea hvdrolysis and suppressed production of thermostable direct
hemolysin (TDH) by Vibrio parahaemolyticus associated with

presence of TDH-related hemolysin genes. Current Microbiology,

_89_



34, 314-317.

Okuda J, M. Ishibashi, S.L. Abbott, JM. Janda and M.
Nishibuchi. 1997. Analysis of the thermostable direct hemolysin
(tdh) gene and the tdh-related hemolyvsin  (frh) genes in
urease—positive strains of Vibrio parahaemolyticus isolated on the
west coast of the United States. J. Clin. Microbiol., 35, 1965-1971.

Osawa R, T. Okistum, H. Morozumi and S. Yamai. 1996.
Occurrence of urease—positive Vibrio parahaemolyticus in
Kanagawa, Japan, with specific reference to presence of
thermostable direct hemolysin (TDH) and the TDH-related
hemolysin genes. Appl. Environ. Microbiol., 62, 725-727.

Osterberg, E., H.O. Hallander, A. Kallner, A. Lundin, 5.B.
Svensoon and H. Aberg. 1990. Female urinary tract infection in
primary health care: bacteriological and clinical characteristics.
Scand. J. Infect. Dis., 22, 477-484.

Pal, A., T. Ramamurthy, R.K. Bhadra, T. Takeda, T. Shimada, Y.
Takeda, G.B. Nair, S.C. Pal and &. Chakrabarti. 1992
Reassessment of the prevalence of heat-stable enterotoxin
(NAG-ST) among environmental Vibrio cholerae non-0Q1 strains
isolated from Calcutta, India, by using a NAG-ST DNA probe.
Appl. Environ. Microbiol., 58, 2485-2439.

Park, JW. T.A. Jahng, HW. Rho, BH. Park, NH. Kim and

HR. Kim. 1994. Inhibitory mechanism of Ca® on the hemolysis

caused by Vibrio vulnificus cytolysin. Biochem. Biophys. Acta.,

*907



1194, 166 170.

Park, K.S., T. hda, Y. Yamaichi, T. Ovagi, K. Yamamoto and T.
Honda. 2000. Genetic characterization of DNA region containing
the trh and wure genes of Vibrio parahaemolyticus. Infect. Immun.,
68, 5742~-5748.

Park, MY, EW. Lee, HK. Seong, 1.5 Shin and D.5. Chang. 2003.
Purification of hemolysin produced by Vibrio cholerae non-0Ol1
isolated from seawater. Food Sci. Biotechnol,, 12, 228-232.

Payne, S.M. and R.A. Finkelstein. 1978. Siderophore production

by Vibrio cholerae. Infect. Immun., 20, 310-311.

Raimondi, F. J.P.Y. Kao, C. Fiorentini, A. Fabbr, (G. Donelli, N.
Gasparini, A. Rubino and A. Fasano. 2000. Entcrotoxicity and
cvtotoxicity  of  Vibrio parahaemolvticus  thermostable  direct

hemolysin in vitro system. Infect. Immun., 68, 3180-3185.

Reid]l, J. and K.E. Klose. 2002. Vibrio cholreae and cholera: out of
the water and into the host. FEMS Microbiol. Rev., 741, 1-15.

Rivera, 1.GG., M.A. Chowdhury, A. Huq, D. Jacobs, M. T. Martins and
R.R. Colwell. 1995. Enterobacterial repetitive intergenic consensus
sequences and the PCR to generate fingerprints of genomic
DNAs from Vibrio cholerae O1, 0139, and non-0O1 strains. Appl
Environ. Microbiol., 61, 2898-2904.

Russel, R.G., BD. Tall and J.G. Morns. 1992, Non-Ol1 Vibrio

_91_



cholerae intestinal pathology and 1mnvasion 1w the removable

intestinal  tie adult rabbit diarrhea model. Infect. Immun., 60,
435 442,

Saha, PK., H. Koley and G.B. Nar. 1996. Punfication and
characterization of an extracellular secretogenic
non-membrane-damaging cytotoxin produced by clinical strains of
Vibrio cholerae non-01. Infect. Immun., 64, 3101-3108.

Saiki, RK. DH. Golfand, S. Stoffel, S.J. Scharf, R. Hifuchi, G.T.
Horn, K.B. Mullis and H.A. Erlich. 1983. Primer directed
enzymatic amplification of DNA with a thermostable DNA
polvmerase. Science, 239, 487-491.

Sccades, P. and J.A. Guijarro. 1999. Purification and
characterization of an extracellular protease from the fish
pathogen Yersinia ruckeri and effect of culture conditions on
production. Appl. Environ. Microbiol., 65, 3969-3975.

Shao, CP. and L.I Hor. 2000. Metalloprotease is not essential for

Vibrio vulnificus virulence in mice. Infect. Immun., 68, 3569-3573.

Shao, CI>. and L.I. Hor. 2001. Regulation of metalloprotease gene

expression 1n  Vibrio vulnificus by a Vibrio harveyi LuxR
homologue. J. Bacteriol., 183, 1369-1375.

Shinoda, S., 5. Mivoshi, H. Yamanaka and N. Miyoshi-Nakahara.

1985. Some properties of Vibrio vulnificus hemolysin. Microbiol.

Immunol., 29, 583-59%0.

_92_



Simpson, L.M. and J.D. Oliver. 1983, Siderophore production by

Vibrio vulnificus. Infect. Immun., 41, 644-649.

singh, D.V.,, M.H. Matte, G.R. Matte, S. Jiang, F. Sabeena, B.N.
shukla, S.C. Sanyal, A. Hug and R.R. Colwell, 2001. Molecular
analysis of Vibrio cholerae Ol, 0139, non-0Ol and non-0139
strains: clonal relationships between clinical and environmental

isolates. Appl. Environ. Microbiol.,, 67, 910-921.

Starks, AM. T.R. Schoeb, M.L. Tamplin, S. Parveen, T.]J. Doyle,
P.E. Bomeisl, GM. Escudero and P.A. Gulig. 2000. Pathogenesis
of infection by clinical and environmental strains of Vibrio
vulnificus  in  iron-dextran-treated mice. Infect. Immun., 68,
5785-5793.

Stine, O.C., S. Sozhamannan, Q. Gou, S. Zheng, J.G. Morris, ]Jr.
and J.A. Johnson. 2000. Phylogeny of Vibrio cholerae based on
recA sequence. Infect. Immun., 68, 7180-7185.

Suthienkul, O., M, Ishibashi, T. Iida, N. Nettip, S. Supave ].B.
Eampokalap, M. Makino and T. Honda. 1995, Urease production
correlates  with  possession of the (rh gene in  Vibrio

parahaemolyticus strains isolated in Thailand. J. Infect. Ihs.,, 172,
1405-1408.

Takeda, Y. 1983. Thermostable direet hemolysin of  Vibrio

,93_



parahaemolyvticus. Pharmacol. Ther., 19, 125-146.

Tang, G.Q. T. Iida, K. Yamamoto and T. Honda. 1994. A
mutant toxin of Vibrio parahaemolyticus thermostable direct
hemolysin which has lost hemolvtic activity but retains ability to
bind to erythrocytes. Infect. Immun., 62, 3289-3304.

Weatherburn, M.W. 1967.  Phenol-hypochlorite  reaction  for

determination of ammonia, Anal. Chem., 39, 971-974.

Wong, HC., SH. Ly, TK. Wang, CL. Lee, C.5. Chiou, D.P.
Liu, M. Nishibuchi and B.K. Lee. 2000. Characteristics of Vibrio
parahaemolvticus O3 K6 from Asia. Appl. Environ. Microbiol., 66,
3981 -3986.

Yamamoto, K., A.C. Wrnght, JB. Kaper and J.G. Morris. 1990.
The cytolysin gene of Vibrio vulnificus: Sequence and relationship
to the Vibrio cholerae El Tor hemolysin gene. Infect. Immun., 58,
2706-2709.

Zitzer, A., 1. Walev, M. Palmer and S. Bhakdi. 1995.

Charactenization of Vibrio cholerae El Tor cytolysin as an

oligomerizing pore-forming toxin. Med. Microbiol. Immunol., 184,
37-44.

S ERERECE N RS

A7) F.

_94,



Qb ool g 1986 AMsel edyl dvHe] el

s oA geEe] eu sk aretal 4. 19, 136140,

LN A AbE A 1987, mEy e el Vibrio vulnificus®l Al
wek Ylye. b2k E] 2], 20, 591-600.

Adur AEA 1977, A ete] Vibrio parahaemolyticus 3.0
)=

73 A FA A et R (b 9k, 17(1,2), 45-54.

Qodw, FEM. 1978 E%

-

N

el we dguieaedte] HeEs

] é.ﬁo
ol @, &Faraabels| x| 11, 19-24.

ey 2001, AAF 2R el Feldh Adn P ed] HY
olztet Az A, gk A Eers] 2] 31, 229-238.

A ZEa 1999, Vibrio parahaemolvticus?t  AAFe=  urea® sl 349

[e]
Sl Booislan WASES) R

ez, 2003, FAF Aot da Fe HHgede FEXFAF Y
NAG v gl oo HllA olxl RZdisrn A =F
el s AEA] 7IAE 1994, eAbvbEol gk A EHAL pp

_.95,



ol af, e, vk 2001, H<r 3

: ] g
T LA B wUEH S ROl B EA ALY

o,
ot
o
—
o
-}
3
O
Ut
~T
=2
2
e
AL
(il
-
=
o
]
o
0
o
o
T
R
Q
™
=
=
C
—
Siid
=
J !
)

A& A, 2003, dhatel A Re® Vibrio cholerae non-019] A ¥ 2

Sk, obME. 1992 AbmelA AlMehs dRel HY wnee

of ghet BE T A E AN A, 7, 137142,

ﬂﬁé}aii WAL= 7] A dl B g et 9] A@g}./xg

1 =
[o]

_r]}\gtﬂzﬂ 3= _L].Zﬂ-,(].]l:]— oi_ll};_ 1

$EA, QME. 1977 Fguineledel Bx ¥ AYH Sel @
)

u ‘o
14, FARE A HaL, 19, 7-52,

'*JI, 4
AME ] Fgt ?1‘. THEYI A8 B

Y

Aeal o AgAl Hed, 7dodwk 1986, Vibrio vulnfficus w9 X
2 oM A 54 g4 AkeE A, 19, 118-126.

,96,



N G e Al ets] e

AR WA, W, dRE 20000

WAkt i sletoll Al Vibrio
vulnificus®y  Vibrio  parahaemolvticus®l ®e2] 2 FAH. g A

2ak3] 4], 35, 390-316.

Aw g RE 2004, AL E A, http//dis.mohw.go.kr/statistics/

statistics. asp.

152-156.

FEa, ol &%, 1990 -alvhelel Al dithe G fobael s AFekel
[ 34 B4 (1981-1989). gh=r A 5 At Al 82l 4], 5, 205-212.

e - 1989 B AR, JEM B RERYE 2 Gz,
Antibact. Antifung. Agents, 17, 279-285.

_977



	표지
	목차
	초록
	서론
	재료 및 방법
	1. 실험재료
	2. 실험방법

	결과 및 고찰
	1. 병원성 비브리오균의 검출
	2. 분리 비브리오균주의 hemoly sin 및 protease 활성 특성
	3. 분리 V. parahaemolyticus 균주의 새로운 병독인자
	4. 분리 비브리오균주의 병독 유전자 신속검출
	5. 분리 비브리오균주의 병독에 미치는 양이온의 영향
	6. 실험동물에 대한 분리 비브리오균주의 in vivo 독성 해석

	요약
	참고문헌

