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Vibrio & £l $A4st 5L AT, =3 ¥
AR Vibrio 4 & 3% (V. anguillarum, V. vulnificus, V.
metschnikovii) & A sle] s $olre] Y& &R 3}
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A8E HFAM 1m HFAA sl 242t A48
AMEs Hdd cap-tubed] Hel 0°CE X3k Ice-
box2 AFA=Z Fukale] FA] EA51¢c}

2. 2AF @ Vibrio #4529 23

A RS B2e 9 A2sel Brae FHIA)
T (heterotrophic bacteria)®] A4 HFd 4=
3] 3}le] Bacto-marine agar 2216 (Difco)ol] =23t &
25+2°CollA 7 47k WioFste] vehd FA$E Al4s
gk M #AF AT U= (population density):
colony—forming units (CFU) ml1! g9 2 3Atsiede}. 3
#, 214224 (Acridine orange direct count: AODC)-&
formalin® 2. ¥ THAZ A& 5 1mlE 3
o] Sudan black B(Merck)® ©]2] ¥ = polycarbonate
membrane filter (Nuclepore Co., 25 mm ¢, 0.2 pm pore
size)oll «J7}38 & 1% acridine orange (Merck) £ 1ml
£ 7H) filter7} 3] 27)A sle] 587 GAF X
o Fsteict. AU filters F7] FollA AZAA 33
o] 7 (Ernst Wetzlar GMBH, DIAPLAN 2,500 X )2 2.
#A43le] Rodina (1972)ef] 23t 2oz AAbsleich Gl
oF Vibrio £2] #A| 4% Bacto—TCBS (Thiosulfate-
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Fig. 1. Sampling stations near Kunsan of the Yellow Sea
during November, 1997 and June, 1998.

oFsle] A 43k}
3. Vibrio £2] Bl %3

Vibrio 42} ®2152-2 Bacto-TCBS agarolA] 37°C
2 2947 WG F A} FFEF Mested Gram-nega-
tive (GN) microplates (Biolog Inc. USA)el] A2 2tz
2018 HEse] 25°ColA] 12 A|zF Wi} & Biolog
Microstation System™ (Biolog, USA)o. 2 XA 3}¢ic).
A" ATty EAA fAt=E: Biolog Microsta-
tion System™ol| A A3t 96F2) ZA}IE S average
linkage clustering ¥ © 2 R-A 5193 v} (Sneath & Sokal
1973; Pielou 1984).

4. Plasmid®] &4} #9l

7z} Vibrio @) plasmid DNA®] Za): alkaline
lysis*] (Maniatis et al. 1982)& Al43le] Ba|s Fd
Solution I [50 mM glucose, 25 mM Tris - HC1 (pH 8.0),
10 mM EDTA (pH 8.0)], Solution II (0.2 N NaOH, 1%
SDS), Solution III (5 M potassium acetate, glacial acetic
acid, H:0)& #7}ste] 2 4-& & 4°Coljr] 12,000g
2 533 94 2std AN Ashadch Fel 4
SN (500~600 u)& =22 1.5ml tubeol] 3} 0.1
volume (500~ 600 ul)2] isopropanol& Wi Ae]% o}
& 582 94 BT ¥ 459e welz P4 DNA

pellet-& X}71-8 70% ethanol2 2~33] A|H3led 2z



Vibrios in the Yellow Sea 441

. s
a B 2S
RN 35
B 45
3+ 358
—

-

\

o

= B
b o 28
= 3B
E=a 48
=3 58
68

x10* CFUmI ™

w
T

Sampling period

Fig. 2. Population densities of heterotrophic bacteria by
plate count method at (a) surface and (b) bottom
waters at each sampling stations during Novem-
ber, 1997 and June, 1998.
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w8l FAE Vibrio #5759 FA4A WA A2
8} 4| Z-A| (antimicrobial drug)® SigmaA}l A)E2] kana-
mycin (K), chloramphenicol (C), gentamicin (GM), strep-
tomycin (S), ampicillin (AM), tetracycline (TE), carbeni-
cillin (CB)& AH&-3tslet. 34l A9l &AL TCBS
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Fig. 3. Population densities of heterotrophic bacteria by
AODC method at (a) surface and (b) bottom wa-
ters at each sampling stations during November,
1997 and June, 1998.

(Timoney et al. 1978).
6. oA AEE A

50 xo whE Vibrio 7o AEE A 3
3ty B AP FAH 3FFE (V. anguZlarum, V.
vulnificus, V. metschnikovii)y& Z}7z} LB #j X7} 6%
125 ml Erlenmeyer flaskel] A £3F £ 37°CellA 16 A
Z¢ B9t A b oFSE (120 rev min ) A woFsled o]
£ #AFE 4%t H2 AFA S (initial popu-
lation number)® 39t Fx A2 FA7F =4
7t FFE2 25mle] A3 57 Eolsle 125ml
Erlenmeyer flasksl] Z}t7} 1ml¥ A Z3}gc}. odf), A&
Aol ARg-3l s APANA 67]Y o]k A-oA
ulx)3t aged seawater24] 0.2 um nitrocellulose filter
(Gelman)E o] §-3te] o34 F ALg3isich AEH &
ot 4,15, 25°CoIA ) 3097 A5 Mot 1,3,
6,9, 12, 15, 20, 309l Ztzt sjH3sled LB )Xo
=3 F 37°Col| A 16AIZE B}t wioFate] Zhzhe] A
+% 2489
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FAE AR, 229 7%, 15+1.2x108~2.0+
1.5x10¢CFU ml 18] HFA], =9 7%, 1.24+0.6x%
10:~1.941.2x 104 CFU ml¢] ®WFo|A] Hxsigich
(Fig. 2). 1315} 23} AP} o] F0)2] A7) AgHelo]
A 3x}e} 4xlol] AR Zlel| uls] #AS7E e TS
etk 212 5 25 HARS B2H AF 3
5 013 1180 24 33 6o A et A

£ 984 39e) E23 M2 2E Y 2604 vehdek
SRRt BHBE o 1990ah TARE AN 2
A% 3 A $A2 BFA

_HBEA 98 AYsPdes 24T 2 4Y

g Fe FALE B3 AS, 60140)(105
~1.941.5x107cells ml-1¢} HFoA], x]=2 14102
X 106~1.840.5 X 107 cells ml 18] {3 A] H-ZE}G}.
217 3 FASE) AARES 989 192 A 2A)
Zhell BEE AHA 40M, AEL A 59 6olA Zpzt
viebd s, HAZEE 979 114 QA 2APIRDA 23S
A7 40lM, AF2 AA 59M T el (Fig. 3).
7z z2AF A7)9 AR gAY BECHAS HasY
ol o8] AT g vjmd o g ZeolE Hid:
g ole HH=Tyel A4, uledok AejolA A Ae=
M| FE (oligotrophs)e] wiA]FellA{= 2 ApebA] kol A
ARG FA 7 B2 2olg Holy Jle= *37—}
gt AT AGSAYY A+E g2 olF= Al
o Alge] Wls wAgE ARG #7118 A -o—%
gAE velie Aol Hel 2EHE At #
Z 9o} FAS A x5 doF > %l———i 5
W g FAle ARt Mz S BAAFHS
(Jannasch & Jones 1959; Kogure et al. 1979; Dahle and
Laake 1982).

Aidez ARsyYes AT FA4E U=
oz 2 ok 30~1,500 w) ¥ vepded
ol Hueihozt: ZHEHA ¢t VBNC (viable
but nonculturable)7} ZA&AYPAME HEFHU7)
2l Aoz Mz} (Lee 1990).

2. 8% Vibrio2] X

43l AA ZALR #of Vibriod] EEE 1~43}9]
ZAZZ & A7 1x10~6+22x102CFU ml2]
FoA Rxsiglon AutH oz ALHo| oJFH v

8 @A vebdeh 2417 § 25l E 1x10~6+
2.2%102CFU ml1 18] ¥ F A, &A= 1x10~4.3
+4.0x102CFU ml 18] WFor] E x5} o83 &
I FAFL Vibrio 49 5ol M) EFol| $22] W
7} AR oz /Aol ¢rix ¥ 3 (Kaneko & Colwell
1978; Leslee & LaRock 1985)9l= o] ¢l 7o =
Q7RIS o) Vibrioh 3 F44% ATl Aokl A
Ashz vl &2 97 1149 A5, 233 M ZdA 474
0.3%, 0.2%F A8}, 98'd 142 H3NAME A3
S Bites) A 0268 ALY, €
H, 98 3Yd= 23 A SA ¥ 0.1%=2 el
o S 984 682, 2231 Aol 22t 2%, 6%
AR ste] h2 2AP)ZE] BlE] BlEA - H]EE o
eplcl. ojldt Asle Chan 5(1986)e) 28l &% 4
QrollAje) ZAM ol B8l Vibrio o) XR)ehe )&
SARR AT U1F By 9 R QA 1T
g A#05~31%)8e 2 zelE EvH(Oliver et al.
1982, 1983). £ A Fol|lA AREE TCBS viA A=
Vibrio & o] 8¢l Aeromonas hydrophila®s. A& 4 4J
oug AT Vibrio £ dgsl= dlles 2 97
AN 249 Such 4 ¢ A AT AT 3T 5
(Kueh & Chan 1985)9| X & Vibrio £-2 o|d|F) & &
oA &3l YASHT sle] ¥E F HFAFel W3t
A v ge Aolw Sdsle Vibrio®) ARzA0l
2 A71BY felsle] Vibrio £& o Fol 42
4 o] zHde] o2 A7l wlE] wA elvs 4
3o} shiz A7HE.

3. Vibrio #52] 3 % +AE 4

TCBS WAl A &4+ 22l 5189 Vibrio 3555
Biolog Identification system™o)] 2]& ZA3 Az}
(Table 1), V. mediterranei, V. anguillarum, V. metschni-
kovii, V. pelagius, V. harveyi A, V. vulnificus, V. algino-
lyticus, V. parahaemolyticus, V. fluvialis I, V. splendi-
dus 2, V. diazotrophicus, V. cholerae, V. mimicus, V. hol-
lisae 2 A=)}

ojg} & AdE £ F(1984)°] -] et AgtelA
=& V. cholerae, V. vulnificus, V. metschnikovii, V.
fluvialis e} o L Fo] B oA B TAFHSY
T, ol M2 £ E¥ol7|id= & F(1984)°
o8] A e} vlmsle] niE A AAH e
#} o] ¥yl of AREYY] HEl Aoz A

3, 2] A4 517575 e BAEH fAEE
70% olA}& 7|&9 2 groupingdt A3} 26 groupl®
v o] (Fig. 4), & A QoA 2AM Vibrio $3bell&
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Fig. 4. A dendrogram of Vibrio spp. isolated in the intertidal zone near Kunsan of the Yellow Sea.

H]Z =¥ 3 (phenotype) 22 At E {AHo=
A2 dBAol H A& ulsy] ol E AN Y

oA WAHE Vibrio ¢ TFA-E - e Ho
FE Aol

4. 3A% Vibrio #FE) A Plasmid®] £A4 &<l

$AE 517FY Vibrio F5-ElA plasmid®] EA)
gelst A3} 3375 (65%)9)A] plasmide] &2 8 &
33, VA FFEdME BelFA] kst ol
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Fig. 5. The electrophoretic profile of the plasmid DNA
contained in Vibrio strains. Fragments were
electrophoresed on 0.8% agarose at 100 volts for
90 min and stained with ethidium bromide. Lane
16 (a) and 10 (b, ¢): DNA size-marker 1 kb ladder,
Lane 1-15 (a), 1-9 (b, ¢): plasmids of Vibrio
strains.

Table 1. A list of fifty—one Vibrio spp. which was identifi-
ed by Biolog Identification System™ from Yel-
low Sea near Kunsan

Strains No. of isolates

V. mediterranei 11
V. anguillarum 13
V. metschnikouvti

V. pelagius

V. harveyi A

V. vulnificus

V. alginolyticus

V. parahaemolyticus
V. fluvialis I

V. splendidus 2

V. diazotrophicus

V. cholerae

V. mimicus

V. hollisae

(%3

o= = = NN OTW N - IN

ZA#+= Hada$} Sizemore (1984)o 2lslr] ZAE
Vibrio & 40%o14] plasmid®] £48 &3 Azug
o ¥ Zoz vt £ Fig 504 B whe) 2
o], plasmid®] Z7)3= djF-F-o] 12kb o]4}& Jebyrh

5. %38 Vibrio 3¢ YA WA

¥ AL 51 FF9 Vibrio %ol w8} 7379
M)A (gentamicin, ampiciilin, chloramphenicol, strep-
tomycin, kanamyecin, tetracycline, carbenicillin)j )3}
Y44 NCCLS (National Committee for Clinical Labo-
ratory Standard)® ¢l w}e} zAlsES. 1 A3 515F
F 3 5 o3 sHTAlel HEte] WS 2 o
Fx 2T 975724 AA 24 254 96%F 2A|F}
Ak 7% SHFEA F 2AF EFE A& A g
WS Bl A FAlE ampicillin(AM)o 24 AP
A o5 F 35dFe A8 WS R 69%9) ¥
Bl-&% 25} 2, streptomycin (S)ol] WA= 317FF
7F WAE el 61%5 XA s} (Fig. 6). =3
carbenicillin (CB)3} kanamycin (KA), 8] 31 tetracy-
cline (TE)ol] disiri= 27} 59%, 33%, 37%2] &7 W
A& Bolo} vl chloramphenicol (C)ol] HdlA= 3%
o @Febe) WS dehd T, el Rade ug
on, gentamicin (GM)ol] B E FA FFE5 257}
ZAeAdE el (Fig. 6). oj2jst A7} Hadas}
Sizemore (1984)7} dF+3 S, C, TE| disll Z+zt 62.7%,
4.7%, 44.9%7F WAE& BEAvts A9} FAREIE O

2 A7 A 517F2] Vibrio 2] YA W)
He zA} 79 65%7} plasmid® 23 9 %] 2
o} Aol gl Aoz FA=G FAA WA ol F
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Fig. 6. Resistance patterns of 51 Vibrio strains isclated in
the intertidal zone near Kunsan of the Yellow Sea
to 7 kinds of antibiotics. GM: gentamicin; AM
ampicillin; C: chloramphenicol; S: streptomycin;
KA: kanamycin; TE: tetracycline; CB: carbenicill-
in.

plasmide}e] =A<l AHAAL B A=A A3
oF 4 glgdon gow Zu AFor & AAT A
ZH3het},

6. A5 BANA)

B A E=A-F Vibrio TF F 3F(V. anguill-
arum, V. vulnificus, V. metschnikovii)& 1% 3} mem-
brane filter (0.2 um pore size)2 75 o] S
& 27 4,15,25°C2. Dejskel AT SR

274 43, Hzz 438 FASE 4 LxdlA 50
9 PANTE Bt EFA T BASE 107~
109747 25}eleh o8 7 L= A u, €0
%Y T7E AEHAE AE 21T 3 FASE

T wrel ZZ 103~1052 ZFAstE o V. anguill-
arum3@} V. vulnificus= A& f,’— 3dTtel FHx A T
A4=2] 1052 A 4 T F 10 o|FHE FA$
o zar 309744 wmA SeaA ekt v.
metschnikoviis o2 T F3 ]3] Fx HE j;’:
U7RA e Fhage] wlmA e Helw 10d o] 1
T 9E F F57 FAE e E FRAasieioh Alg
77t A% F FAx 3ded FASVE FH43] FaHE
A wiedoF Ao 2So] <hEY] WE] Aoz
Atg o) ?'5}1]‘31' 10 o] FRE]E= 3ol ol #
F Aejel AN AL YEEo] YA
3 -?rXIEH—:‘ Roz AZdn. 34, 15°Cep 25°Cel|
AZade A 4 FFEL £°CAA vioksiol g wn

2xd BE AE 34

10
8
"\v—\_‘
6 4
4 L
2 -
a
[0}
10J
T 84§ : % 1 l
£ I f
juo |
w 6
(]
o 4
[+]
2 }-
b
0
10
y
8 I ]
-4
6 -
4 L
2t ®  V.anguillarum
e V. vulnificus
c v V. metschnikovii
0 1
o 10 20 30

DAYS

Fig. 7. Survival of V. anguillarum, V. vulnificus, and V.
metschnikovii in the seawaters incubated at (a) 4
°C, (b) 15°C, and (c) 25°C, respectively.

9 ALEol ba wohon, #F wet FASE &
A717HE<t 101~10729] ZFAE B o) & &4 5
Wz A RY, V. anguillarum™} V. vulnificuss 15°C
9} 25°CellN Hzx HF FRE 297X FAT Fa
E 23l ¥ 2d0A 59714 da EU13 H 2 o] %=
E wA 0] Favl AL U 30U = st
A7 &35 LS o 4 Qv =8 V. vulnificus
2] 7%, 4°Cs} 25°CHEHE 15°ColN &g Tht ¥
St 3, V. metschnikoviis o8 ¥ 59} v|nd o, 7t
LEgA F& ZAE(1071~109)E B BE F 75
£ vlaste 2= W] & —*.%E—j.—% B (Fig.
7). B} Vibrio FFE59 o|3eA 37l F #
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oM 2xe}
4 AL, =3 UF Vidrio T AA Wil
F2EHE GE e 2 F e veda Py
(Kasper & Tamplin 1993). West 5 (1986)2 9°C ¢]3}¢]
FEE FAFE ol AR Vibrio 573 2%
A3S B3l Vibrio &9 757} 420 733
FE Weve e AAER 9lew, Vibrio £2] A)
o] o3 A &£x 13~30°C (Kasper & Templin
1993)2 4, Tamplin 5 (1982)°)) 2)3} Florida s}F-o|A]
) Vibrio Z-FAE Q98 17%, -2 17°C ¢|Ad d,
Seidler (1980) & 10~15°C, J= 27.5~32.5%02|
el Felrh A He Blosz ®ustedtt Kelly
(1982)% AEH 7F&Add A4 A4} o FollA
Vibrio #-52] Fe|-&e] Frin sl £ AgeA
= ZARIZH A 6ol vlwY 2 RESE B
of 2] viebe] Mo EH 22 Vibriod] A&
AT pAA Lz AARIR gloh a8Ee o)y
2L 9 Yt Ml sjprt o Feoll 27
dol stH7el Frkshe fele] Hrlx g} uleiA
2 2 9ol Vibrio FFE2) FeElE ws])7] 93
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Characteristics and Survival of Genus Vibrio Isolated
in the Intertidal Zone of the Yellow Sea near Kunsan

Hye-Young Wang and Geon-Hyocung Lee

(Department of Life Sciences, College of Natural Sciences,
Kunsan National University, Kunsan 573-701, Korea)

Abstract - To investigate the population dynamics and survival of Genus Vibrio, population
densities of aerobic saprophytic bacteria and Vibrio groups were measured 4 times in the
intertidal waters of the Yellow Sea near Kunsan from November, 1997 to June, 1998. The
distribution of heterotrophic bacteria during the survey periods by plate count and direct count
method ranged from 1.24+0.6 X103 to 2.0+1.5x 10* CFU ml! and from 6.0+4.0x 105 to 1.9+1.5
x 107 cells ml™!, respectively. Vibrio groups were distributed in the range of 1 x 10 and 6+2.2 X 102
CFU ml . The proportion of Vibrio groups to total heterotrophic bacteria was between 0.1 and 6%
during the survey periods. A total of 51 isolates was obtained from TCBS agar plates and
identified to species level by Biolog Identification System™. As a result, dominant genera were V.
mediterranei, V. anguillarum, V. metschnikovii, and V. parahaemolyticus, and isolates were
clustered into 26 groups based on the relatedness of average linkage clustering method at 70%
level. As for the susceptibility of 51 isolates to 7 kinds of antibacterial agents (gentamicin,
ampicillin, chloramphenicol, streptomycin, kanamycin, tetracycline, carbenicillin), 96% of isolates
showed high resistance to more than one antibiotics and 65% of isolates contained a plasmid, of
which size was observed greater than 12 kb. The number of cells of 3 tested strains (V.
anguillarum, V. vulnificus, and V. metschnikovii) in filtered aged seawater decreased by
approximately 1 to 5 orders of magnitude during 30-d incubation. In most cases, the numbers of
cells decreased rapidly until day 3, then decreased slowly by day 30. The number of cells
incubated at 15°C showed higher survival than those at 4°C and 25°C. These results may be
considered for the basic supporting data in the risk assessment of vibriosis in summer. [Vibrio,
distribution, Biolog Identification system, resistance to antibiotics, survival in seawater].



