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Effect of temperature and salinity on the multiplication
of Vibrio vulnificus
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To analyze the safety of shellfish from the Vibrio vulnificus contamination, we investigated the multipli-
cation of V. vulnificus in oysters keeping at different temperatures with or without shell. The numbers of V.
vulnificus contaminated in oysters were more than that in artificial sea water (ASW) after artificial infection.
The storage-temperature had an effect on multiplication of V. vulnificus in oysters, because the number of V.
vulnificus was started to increase rapidly from just after keeping at 25°C but no significant variation was
observed at 4°C throughout the experiment periods. In different salinity, using ASW of 5, 15, 35 %, the
number of V. vulnificus was decreased at both 25°C and 4°C. However, the rate of decreasing at 4°C was
faster than that 25°C. Additional, changed salinity also influenced to the decreasing rate of V. vulnificus

keeping 4 C as the highest rate in 35%, ASW.

Key words: Vibrio vulnificus, viability, oyster, salinity, temperature

H B 2] i FZ2 A Holvy 52 Vibrio
vulnificus 7¢ AFse] A& Fall 3 dsle] U
sH71% SAINE thREe] Agelle Akl V
vulnificus©ll LFE AMNFE AA2TFOZA] T
Wlhe Ao=2 de#] 21t} (Linkous and Oliver,
1999). vlHEe] s dZo] ARt V. vulnificus
=8 ALY EHAES EE I I TR
oM = el Ee=d ol gk A& o] Vovulnifi-

cus ©) 2 AHd o) T e g (Oliver et

=] 0o

T = T

al., 1983; Wright et al., 1993; Depola et al., 1994)
B eEES s ise] ASlEe]
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A Z71 0] A Eojok & Zloltk

ol#fj i FolAl A AAIH R A sl o
AR ATl =2 Baele WHS 97k Al
Aste] HasiAY, Hzh& AASA &L s
g 52 Aol Basks W o] Stk Lee 5
(1999) =<9 HHrof Hyhyd ue)l &
Q2] Vovulnificus <+ Wske] zle]7F Yrhal skt
3 Motes ¢} DePaola (1996)+= I&5%= 15~24
%°] dlTolA Tk =2 30~34%°] SR
A BASIAS ol = <] Vovulnificus T
7ra7F AFECT T skt B3 22 Y
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A =7 "ol =°l Vovulnificus® 2
= AL &l =9 Vovudnificus o] EE 9} A&
o] Slo alfrollA] el Ee= Al7]ell FoAME &
27F AL 2ol =2 W B2 g HEH
o] (Wright et al., 1996) =21 V. vulnificus 23 #|
e S8l sl 2%, A=t Vovuinificus o] =
2l ofu gk IS MA=AE FA ke A
sk Az ETh

ThbEe] K] EHE fsiAE e g ol
A1 Vovulnificus 2] Z2]-& A sl= WHol &
gatEE 2 AP s Y] el
A9 &322l V. ovulnificus 0] =21 oA 8=
et A f18ted Vo vulnificus ©] A=<}
T2 AELS] HskE ZAelaL 2o 72 9l
f1H o0& FFAAIZIAL Hzho] S dE e I
Zhe AAT e T AR mE 7Y
WIS AP A} s TR

ME 2w

HEnF U HEdE

V. vulnificus ATCC 27562, CIVV 04, ES 7602,
NH 19] 47 #E sTSA (Tryptic Soy Agar with
1% (w/v) NaCl, Difco)ell FZ-3led 25°Coll A 24
AIZE FE wiFst & Ad e AR 20%
glycerin& 7}s}o] -80°Cell HasaA A3
AHEEFITE (Table 1). AHABER ARES =
(Crassostrea gigas)<- 722l A7FollA 143}
o] HF F2-0] 25°C7}F HEF IFsiT A
3k & Aol ARSI 0 Vo vulnificus 7¥8 <

Table 1. Strains of Vibrio vulnificus used in this study

L 2AY - AR A R

FE Yolry] S8l =9 7k AAT 4y
Zo] " A2 21945 (0.85% NaCl) ¢F =33}
of 22 187F vl & & mCPC (modified cel-
lobiose-polymyxin B-colistin) agar®ll 743l 40
CAA V vulnificus ©] 4 <1 rea geto] &
HE A ek A SR1EkT gl ALEaHTh

V. vulnificus 2| #5543

V. vulnificus 755 sTSB (Tryptic Soy Broth
with 1% (w/v) NaCl, Difco)°ll 7353l 25 Coll A
HiFBIATE o] 72 18AI7F F<t gl 5wl
e RG] e mOoT A A4
=2 3]4]35}e] microplate reader (Molecular
Devices c0.) & 590 nmol|A 2% 0.7°] HE==
Z7 3131 2 sTSA, TCBS (Thiosulfate Citrate Bile
Salt Sucrose, Difco) agar, CPC agar, mCPC agari]
ZZ3led viable counting MO 2 F-E 543}
Atk sTSA, TCBS agar+= 25°Coll | U532
CPC agar, mCPC agar+= 40°Col] njjks}e] 24 4]
7 % @ AgTE vasiie: 183 =3
EFee A9 uxzTEA F vl v
vulnificus 314 NS £33 & mCPC agarol| A

Her 8Lzl V. vulnificus ©) B8-S

20| 8t V. vulnificus 01 9|Z+

V. vulnificus NH 1 455 2 X107, 2 X10* 2L 2 X
10° CFU/ml &] <77} RAIEES 35% <133l
 S0Lel] dErek & =5 JAAAIA QIfIFeR
AAAFATE o] W 22 25CE HE o

Strain Biological origin Geographic origin Biotype
ATCC 27562 human blood US.A. 1
CJVV 04 human blood Korea 1
ES 7602 eel Japan 2
NH 1 sea water Korea 2
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A 6, 12,24, 48 A Ak F 2ol AAHE V.
vulnzﬁcus-J TFEE ZAEIATE B0 2L
7w Z5ulg|E B2 7 A sle] ozt

AA BT 2 A 4n) el BF A AL

oF T8l WM 2 vl gk §- mCPC agar ol 3
Z3}o] 40°Col| A 24 A7) wljoke)t & @A = vk

i

Jl

’5]1 et Alsiai ok
29| BEAx Ao mE Vvulmﬁcus T 5|
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2 A9 Qgalel 12417 52k AN
A0 AN F A ATATE &
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= EIH A F= EHE AFETE A
~ ¥ H]o]Fe] Hol 4°C, 25°Cell K331
o di7tE AAS AP 7= EAE 4= 9zt
S AASKL B 8719 ©@ol 4°C,25Cel B
sPaA] o WskE S48tk Vo vudnificus ]
45 2HL0,6, 12,24, 48 2 96 A|17F Azt &

o

HEL 227V vulmﬁcus—l M=

1:!1 35 /éo]

20| 0|xl= &

3=l V. vulnifi-
%é}oq 4°Cce} 25 coﬂ HAstk V.
vulniﬁcu E AT AFTEO0,1,2,3,4,6,12,
247175, 2,4, 8,12, 16,20,24 2 28] Az}sl &
of B Al AASE F45e] sTSA 25 w
2 Fojreg] 5 25 CollA] 24 A17F F<F ksl
Heb g4 PFs Y T3 05, 1.5, 3.5% 9]
NaCl €4l V. vulnificus NH 1 & HZE3 & o
BE 8450,1,2,3,4 3 6417 A § E
§ 22l R 34 lo] STSAC 25 w¥ Hojrx
- 25°Cell A 24 A17F wliFale] A E HeEhs

ITa‘FﬁE}.

2 1

V. vulnificusOl| 0|X|= HHX|S| H&

V. vulnificus d5-5°] oJ&] Aefuljx] A &
she Hee] zlelE AFsEATh (Table 2). V.
vulnificus 5= STSA, TCBS agar, mCPC agar,
CPC agar ©] A2 B> 7} fd&0] Her
4702] V. vulnificus 75+ S| 4] NH 1 sTSA o]
~] 8.0 X10* CFU/ml®] Al =13L TCBS agar

7t Aol 2 svilE ERell 4 S oal= 1.7 x10° CEU/mle] A4 .91 CPC
it AR HATE Arhsle] MR 1T vl goarea= 5.4 x10° CFU/mL, mCPC agarol| 4] =
&k mCPC agarol] Z=2slal 40°Coll A 24417 6,0 x10° CFU/mle] A% SR Tl 3=
S uFR Fell FHE Asle] 95 S8 o mCPC agarolA 10° CFU/mI ©l8bat Al
skt Tk V. vulnificus NH 1 == sllg=ollA] E2] =30
Table 2. Enumeration of Vibrio vulnificus on different media

Strain Media

STSA TCBS mCPC CPC

V. vulnificus ATCC 27562 1.7 x 108 8.0 x10° 6.0 x10? 24 x10?

CIVV 04 7.8 x108 6.3 x107 4.6 x10? 8.1x10

ES 7602 4.8 x108 7.7 X107 7.2 x10? 55x10

NH 1 8.0 x 108 1.7 x 108 6.0 x10° 54 x10°

a: CFU/ml



32 mCPC agarollA] 7 B2 Fgho] @73 ¥o]
ol ARl AF-EITE T2l T 2 vfolst v
vulnificus NH 1-& 9= 5.3 x10°
CFU/gol A=l = v o] gl tix+<F
v S w 88.3% <] ek LS HolF

3:6‘1— §_]_.

ol V. vulnificus NH 12 3€H3l

o1l =
= IAAA AR R FHo] He #TE X
Atk el S2) Vovulnificus @) 7 2SS
2 ZoA B HE Vovulnificus @) % Bko
H 2 JAATZIAL A = = QFe] =7
7} 743 Z7FsIA T 11 o Folle @l St

7h ghrslel 12417 2t
(Fig. 1). V. vulnificus NH 1 -2

£y

olF-oll= x3}=ATH
£ 2x10*CFU/mlZ =
QlFsllsroll A Zoll A= = 64
T A= 2 A Vo vulnificus 7t &SR] 4%k
O} 12A17F A= Fol] 1.6 x10° CFU/g, 24 A)17F
743} ol = 2.7 xX10* CFU/g o] HAE =R om v
vulnificus NH 1 7<77} 2 x10* CFU/ml |4 = 3

A 6A17F 32,7 x10° CFU/g, 12 A17F 3~ 1.7 x10°
CFU/g7} AZ=EAQ 3 sl =29 V. vulnificus NH
19] 47} 2 x10° CFU/ml oA = 6A1ZF & 2.1 X
10° CFU/g, 12A17F % 1.6 x10° CFU/g 2] V. vul-
nificus 7+ =l A AE = ATk

=] x]

)

= ]

z 10°

[

§ 10° 4

=

c

£ 04

2

2

5 100

=

ﬁ 102 2,

s 1 —e— 10°CFU/mI

=z —&— 10°CFUmI
100 4 —&— 10°CFU/mI
100 L T

0 6 12 18 24
Time (hrs)

Fig. 1. The number of Vibrio vulnificus in shellstock oysters
during immersion periods. Oysters immersed in ASW sus-
pended different number of V. vulnificus 10 CFU/ml (- ®-
), 10* CFU/ml (- A-) and 10° CFU/ml (- m-).

249 - A -

A - A=

o HEUZHO|V vulnificus2| MEE0| 0|X|= &
=& 2 x10* CFU/ml1 2] V. vulnificus NH 1] 1
T =2 25°C lFalgrallA] 12A17F 1t HA
NA RS FED F RBEAE D2A B
o] = WskE Ak T (Fig. 2). <191
o = <kl V. ovulnificus == 1.5 x10*

CE AT ARG AFHFE

@)

2

—e— 25T
107 —o— 4%

0 24 48 72 96
Time (hrs)
(B)

10° 4
CRTY
=]
w
Q108
2
3 10
=
c
£ g §
3
L 105
S
= 2 4
5 10 —e— 25T
S 10 —o— 4T
£ 10

100 . —

0 24 48 72 96
Time (hrs)

No. of Vibrio vulnificus (CFU/g)

, —e— 25T
10 —o— 47T

0 24 48 72 96
Time (hrs)

Fig. 2. Viable numbers of Vibrio vulnificus in different
forms of oysters stored at 4°C (- o-) and 25C (- ®-). A,
Opysters stored as shellstock in artificial seawater; B, Oys-
ters stored as shellstock in atmosphere; C, Oysters stored as
shucked in atmosphere.
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=21 A shizte] = AEl = 25°Cell st
&L= 48 X174 zFzF 1.1 x107, 1.2 x107
CFU/ge] &&l=o] =& <A V. ovulnificus 57+
Z7Fskadch 12y sizhe AlA S A3 =
ore] V. vulnificus= 12A171714] 4.5 x10° CFU/g
2 d7F SIS 12417 o] 5E] ZhA
sF7] AlFFete] 96 AlZF 73 Foll= 4 X107
CFU/go] & =Tk o] o izt A A KL 25
Cell Bask Z2] pHe A2 6.9¢14 2427F
T 56,96 A17F Tl = 542 ol o 2lys
ol Bagk A3 7o} shizto] = dEl o] A9
T°| pHE BEAARZE Z33e} 2dagle]l 2F6.9%
Hsk7E ATk

I8y 22 54 5= Vvulnificusoll 7
AlZ1 = 4°Ce] 7hR e gl E &7 A3

>

(A)

No. of Vibrio vulnificus (CFU/ml)

0 4 8 12 16 20 24 28

Time (days)
(B)
108
E 107
=]
'-é-’ 105 4
w
3 105 4
=
£ 10 A
2
g 10° 4
8 - 5%0
> qp2 4 -0~ 15%0
S —A— 35%a
o 10" 1
z
10 T T T T
0 4 8 12 16 20 24 28
Time (days)

Fig. 3. Viable numbers of Vibrio vulnificus ATCC 27562 in
artificial seawater of 5%, (- @-), 15%, (- o-) and 35%, (- A-
) salinity maintained at4°C (A) and 25°C (B).

zto] Q= AEIE 4°Coll BaA3 A7 izt
S AASL 4°Coll Bagk A zhzEe] =
219] V. vulnificus 5= 96 A17F & 1.1 X104, 1.5 X
10* ¥ 1.2 x10* CFU/go&2 % 1.5 x10* CFU/g
I zpo] 7F YA Tk

Az, 20 HE|V vulnificus2| MZEE00| 0|XE
gt
G T} o] Vvulnificus A 11X

= 92 ZAVSILAF ST (Fig. 3,4, 5,6). V.
vulnificus ATCC 27562, CJVV 04, ES 7602, NH 1
o] 47) FEE W 25} 4°Ce) <l
A 28 F<t Al o AT AR EJUSL
53] 4C AP AE TR @5 st ¢
Al PR FES] Aol SRINE el

No. of Vibrie vulnificus (CFU/mI)

0 4 8 12 16 20 24 28
Time (days)
(B)
108
-_E 107
@
o 108
§ 108
=
£ 104
N
2 10?
8
8 —
= 102 | @ 5% |
5 | B 15%, |
g 10" 4 —h— 35%a
100 —
0 4 8 12 16 20 24 28
Time (days)

Fig. 4. Viable numbers of Vibrio vulnificus CIVV O4 in
artificial seawater of 5%, (- @-), 154, (- o-) and 35 %, (- A-
) salinity maintained at 4°C (A) and 25°C (B).
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(A)

No. of Vibrio vulnificus (CFU/ml)

o] 4 8 12 16 20 24 28

Time (days)
(B)
108
E 1o
o
o 108
1]
3 100
ES
£ 104
N
2 10% 4
g
s 102 — 5%,
'-6 0= 15%a
—h— 35%.
;10" 4
2
100 T T
0 4 8 12 16 20 24 28
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Fig. 5. Viable numbers of Vibrio vulnificus ES 7602 in arti-
ficial seawater of 5%, (- ®-), 15%, (-0-) and 35% (- A-)
salinity maintained at 4°C (A) and 25°C (B).

107 ¢
108
10°
104

10° 4

10?
—— 05%
-0 15%
1 —— 35%

No. of Vibrio vulnificus (CFU/mI)

0 1 2 3 4 5 6

Time (hours)

Fig. 7. Viable numbers of Vibrio vulnificus NH 1 in NaCl
solution of 0.5% (- @-), 1.5% (- o-) and 3.5% (- A-) con-
centration at 25°C.

(A)

No. of Vibrio vulnificus (CFU/m)

0 4 8 12 16 20 24 28
Time (days)

(B)

No. of Vibrio vulnificus (CFU/mI)
B

102 + 5%o
-0 15%a
10" 4 —— 35%0

] 4 8 12 16 20 24 28

Time (days)

Fig. 6. Viable numbers of Vibrio vulnificus NH 1 in artifi-
cial seawater of 5%, (- ®-), 15% (- 0-) and 35% (- A-)
salinity maintained at 4°C (A) and 25°C (B).

fakeivd = el

25Coll A A4/l 5= 28U o= 10°
CFU/ml o HA==ANH 15%°] <laafisel
A 7P B2 g7 AEEATE 2 4CollA
A 4 d5F+= 15%°] AFaligolx= 28
U7HA] AEEAN Y 35% AF-slisellA] ATCC
27562+ 204, CIVV O4+= 16, ES 7602+ 24
d A o= HAESHA LBUTk Vo vudnificus
biotype 1 7221 ATCC 27562} CIVV O4= 5
% 15% a3l 28 F AF=Fo] vl
519901} biotype 291 2-51%= ES 7602, NH 1< 5
% SlFalolx el BEEe] 15% ¥l
Hls|] 2tk

0.5, 1.5, 3.5% NaCl &4 A V. vulnificus NH 1
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o] #FE He 5.0 x10° CFU/mIoNA 6417+ %
7}7} 6.0 x10°, 3.0 x10° 2 1.4 x10° CFU/ml &
1.5% NaCl 8-l 7P B2 7F A AL
3.5% NaCl -4 ellA 7FF A2 47 A3t
(Fig. 7).

o

3=l V. vulnificus 7} ZA) 8F= X 2] 2ol A
= Vovulnificus7t AZ=W SlFolA B B
=2l V. vulnificus 7} Z4Z& ¥} (ONill ef al., 1992;
Wright et al., 1996). £ Aol = V. vulnificus 7}
HerE]o] e <lFelrel &5 IXAA 19
2o g2 A IR selA Bt w2 o V.
vulnificus7v =X AZ=AcH (Fig. 1). =2]
hemocyteol] 2J&l] V. vulnificus7} AP chal s}
A9+ (Genthner ef al., 1999) <=1l V. vulnificus 7}t
AN ZAlME B2 o Vovulnificus 7} &
AL T e R ArkEo] o BEgh 2
o] W2 AZH = aNFEE A Vo vulnificus
7} B EA] B AR A A o] Vovuinifi-
cusol ZFAEHA] F2 A =S P Ese
AP ALE AAEFAL AF A Al
A T4 Z2) Vovudnificus 73F o2 248}
GO} Vovulnificus 7} 735 =4 &k th

Vovulnificus®l] 24 =A] 2> &5 1914 E
V. vulnificus® LAAIZ1 § 25°Ce] g0l FA
U B2 7] Tl 22 AR dEeME = &
o] Vovulnificus & 57} 3438] S7Fsid=d ]
22 22 A S sP7] Wil 24 o]
W ol = Vovalnificus ©] 520l Q. 3F U
o] Wo] A& Aola} AWzt Vovulnificus 7} =
o] olrtu] B2 Ao o] Ae Afdlle AS
off 23l 25°Co] REoA] P o835
+r7F S7FeE AelEkal A7k 1 v
oje} ThEA 4Cell Bagh -l = 447k
o Wt #EEA ot (Fig. 2) Ha=s
7V Vo vulnificus ) Z7+S “F=d 2381t A

ZH Ak wzhg AAT 79 25°Coll A 124

WA d57F S7FsER o 11 Soll= A7t
Zasid=t 4 Coll A= 96 A 7EA] 2] W
st #FEEA LUt} (Fig. 2C). oIR8 V. vul-
nificus 7} pH W3}l 7I7Fsled pH7F SolA 352
SOl Vovulnificus ©] F4<77F 343] #As)
= Az} 7o) (Koo et al., 2001) 25°Col| A =<]
pH7F A3-2] 6,904 24 A17F & 5302 7hA-3)
71 Wl Vovulnificus®] % 7hAsd vk
AZ+=lw pH 5ol = Vovudnificus 7t 52]& 5
31 7] il X&FHo g Frb 7HAasitt
3L AZFER T Fo] AT Hol A H{e B
o] 7] Fsdrk

o] - ditel 2 & SAEE v
vulnificus N S FE=E 7F L5A &
= 57V Vovulnificus ] A3 WA= Gk
ZAVFSIA Tk Vovulnificus+= Q1-gsl<oll A 2]
o3 JdEe] 7] wiEol #=r7F S7sHA
kil AYZFER HE 25 Col A= 28 A3t
1% B 47 gokire] gl 1ok el
A= AESIH O 5~35 % Ale] 2] 1Fslaoll
N QR FEEE AEd HAE Jae Fio)
=) ekokr} (Fig. 3B, 4B, 5B, 6B). 12j1} 4
CoME Ais=dE 5o Wt 2ol &
B =4 biotype 221 ES 7602, NH 12 5,35%
lFaflrellx] 28U Fell= HEHA A 15

Sl sl uls) 57t ol 15%0] A%
o] ATt (Fig. 5A, 6A). =5+ 77| the FL=9
NaCl &40l A V. vulnificus NH 1 2] =82
1.5% NaCl 946l 71 o} igist v
vulnificus € A=) FgL vH= F23 29l
% STk

Biotype 191 ATCC 27562, CIVV O4= 4°Cel)
A 28U ¥ 5% 15% <lalelA &7t
AFSFAAINE 35% Q1Fslolr = ol HAEH
A ekl o} (Fig 3A, 4A) biotype 2 21 ES 7602,
NH 12 4ol 289 F 5% AFalGol &
o] AEHA EAY 35% <lslire} viszst A
F8-5 1o (Fig. 5A, 6A) V. vulnificus biotype 1
5= biotype 2 @5l Hlg) T} Bk GRoA
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[ N e] -
il =

V. vulnificus LA ZHE] djF{F2o] LS X
A¥el7]l 8l 22 Vovulnificus©ll Q1917 A1
T 4o} 25°Col A HzF Fol TR V. vdnifi-

BIIQ}E ZAYEIE ok Vovudnificus 7} =
Al1Z1 2ol A ﬁ‘ﬂ = Vvulmﬁcus

= A3 7] FEgV vulnzﬁ

zfo] 7F TAEA] AAARE 25°Ce|
= 2] S7H7F BEE o]
H2E7h oo WSl B G FUTE o
E Sl‘?—%_u5 15 5 35%°] <lFslgolr] V.
=25 CeF4°CAA BF 74313
PE S 25°Co) A

ol
o
rir

vulnificus
ok 12y 4°ColA Fe] THAaES
Bl wsly 4°CoA FE-E V. vulnificus 4=
Zj"é’:%oﬂ Fa Zoi 35%°] 1FsiFAlA 7t

B Qs FYRA (5ol A A
5 RP-2006-AQ-007)¢] Aglell <lsf £
A5

]

F1 2o

DePaola, A., Capers, G. M. and Alexander, D.:
Densities of Vibrio vulnificus in the
intestines of fish from the U. S. Gulf coast.
Appl. Environ. Microbiol., 60, 984-988,

1994.

Genthner, F. J., Volety, A. K., Oliver, L. M. and
Fisher, W. S.: Factors influencing in vitro
killing of bacteria by hemocytes of the east-
ern oyster (Crassostea virginica). Appl.
Environ. Microbiol. 61, 3015-3020, 1999.

Koo, J., Marshall D. L., and DePaola A.: Antacid
increases survival of Vibrio vulnificus and V.
vulnificus phage in a gastrointestinal model.
Appl. Environ. Microbiol., 67, 2895-2902,
2001.

Lee, T. S., Lee, H. J., Kim, J. H. and Park, J. H.:
Effect of temperature on the survival of Vib-
rio vulnificus in marine Fishery products.
Bull. Nat'l Fish. Res. Dev. Inst., 55. 145-150,
1999.

Linkous, D. A. and Oliver, J. D.: Pathogenesis of
Vibrio vulnificus. FEMS microbiology ecol-
ogy, 174, 207-214, 1999.

Motes, M. L. and Depaola, A.: Offshore suspension
relaying to reduce levels of V. vulnificus in
oyster (Crassostrea virginica). Appl. Envi-
ron. Microbiol., 62, 3875-3877, 1996.

O'neill, K. R., Jones, S. H. and Grimes, D. J.: Sea-
sonal incidence of Vibrio vulnificus in the
great bay estuary of New Hampshire and
Maine. Appl. Environ. Microbiol., 58, 3257-
3262, 1992.

Oliver, J. D., Warner, R. A. and Cleland, D. R.: Dis-
tribution of Vibrio vulnificus and other lac-
tose-fermenting vibrios in the marine envi-
ronment. Appl. Environ. Microbiol., 45,
985-998, 1983.

Wright, A. C., Hill, R. T. and Jonson, J. A.: Rogh-
man M. C,, Colwell R. R. and Morris J. G.
Distribution of Vibrio vulnificus in Chesa-
peake Bay. Appl. Environ. Microbiol. 62.
717-724, 1996.

Wright, A. C., Miceli, G. A., Landry, W. L., Christy,



P23} AE-FL7} Vibrio vulnificus 2] ol vx] &= Gk 43

J. B., Watkins W. D. and Morris J. G.: Rapid
identification of Vibrio vulnificus on nonse-
lective media with an alkaline phosphatase-

labeled oligonucleotide probe. Appl. Envi-

ron. Microbiol., 59, 541-546, 1993.

Manuscript Received : March 03, 2006
Revision Accepted : April 06, 2006
Responsible Editorial Member : Ju-Chan Kang
(Pukyong Univ.)



