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Phenotypic and genetic characteristics of Vibrio ichthyoenteri
isolated from the olive flounder, Paralichthys olivaceus
of culturing size

Hua Li, Su Mi Kim *and Soo Il Park '

Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea
*Institute of Fisheries Science, Pukyong National University, Busan 608-737, Korea

From 2002 to 2004, various vibrios were isolated from the olive flounder, Paralichthys olivaceus of cul-
turing size with disease signs. During this survey, it was known that the high proportion of Vibrio ichthy-
oenteri was occupied among the isolated vibrios. Generally, V. ichthyoenteri is well known as the pathogen
of bacterial enteritis of olive flounder larvae. The aim of the present study was the compare the characteris-
tics of two groups of V. ichthyoenteri, culturing sized olive flounder, and larvae of olive flounder showing
the intestinal necrosis. The research was focused on the physiology, biochemistry, genetics in the two bacte-
rial groups. The physiological and biochemical characteristics of the tested strains were very similar. The
intergenic spacer (IGS) region between the 16S and 23S rRNA genes of 21 isolated strains and 3 reference
strains, V. ichthyoenteri, were investigated by PCR fragment length typing and DNA sequencing. After the
isolated strains were identified as V. ichthyoenteri, not only phenotypic characteristics of the isolated and
reference strains but also homology of 16S-23S IGS of all isolated strains and reference strains as
99.1~100%. The V. ichthyoenteri showed 4 specific 16S-23S patterns and contained no-tRNA, tRNA®™ |
tRNAIIe(GAT) tRNAAln(TGC) type .

Key words: Vibrio ichthyoenteri, 16S-23S IGS, Olive flounder

19700] 0k 28 A 7)%o] A Wk 4 Zrbalw 97 (Nishioka et al., 1997), ¥x] ok
2} X, Paralichthys olivaceus ¥21-8- 92 V&t A A% tiekst 7194 A o] vy
af g ofFellM TPE =2 vl XA 535] Wl Alte] ] Mes dA8] oA
T3 A A ojFo® I vk WA o A= AA ol (Kim er al., 2005).
2] FEeF Artkre] solvhs FAldl AR o17] V. ichthyoenteri== ‘=] Afoiel] WA sh= g4
o] 4, e 3 B GE 8%ldl &gk Bl eS| HAR 1971d0] dEoA HEE
A9 Awel vigE s ANk vlolg HarE (Murata, 1987; Muroga, 2001) o],
A e Al AW et 72 794 A E Al Masumura 5 (1989)2 o] el+e] e s)k A3k

o
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s, gelsh Welet )T WY RS §
Slo] JA]Z Vibrio species INFL (intestinal necro-
sis of flounder larvae) 2 8 313tk Muroga
(1990)-2- ©] = rotifer, Brachionus plicatilis ¢
brine shrimp, Artemia salina nauplii o] 3 XA #
AT AFeRE HeAAS IRl HEZHeR
Ishimaru 5 (1996) ] V. ichthyoenteri = 83 313,
ok Slel A o] 5 (1995)0] AT gehue)
= g Aolon Belek Aol sl 2Akeh
T, 28 F 189 ARE A8 A o302
7 HALE otk Bsigl ow, A7t
foleh 7e) Amoln] eF40U olFoli 7k
2do] itk St (Muroga et al., 1990; Kim et
al., 2004).

Vibriozt9] & °N= 2 AYstery A%
AT ol8e 54 BAAEN T4 5
ol ¥ % Qlek Teiut Alshet A3t A
50 Vibrio% Alte] AEE A0 e
I At} (Chen et al., 1992). 2L 16S rRNA gene
sequence] Wl EA 07 A% § IAE 9]
Bohe A} 78 PHES UA Y (Amann
etal., 1995). Alg WA o7 A7) AMLo] F
Ao R JAgE SoM = L FAE Tk
o] F=3lo] (Krawiec and Riley, 1990) <5 (genus)
D] BAE MR Y B B i
ZA8rsl 7o 7 de A vt (Kim et al., 2005). 1
2L} 16S-23S rRNA intergenic space (IGS)+=
5olH2l d7] MES 7Bl il He®E W
o|=7} =3 (Barry et al., 1991). &3} IGS= 4
7] NG o g} do| & FZkel| zje] 7} gl
Ve Be] Fw Fgo] Thsslta siinh
(Gurtler and Stanisich, 1996). Vibrio<s Al =
16S-23S 1GS ¢] A= V. cholerae, V. mimicus
(Chun et al., 1999), V. parahaemolyticus (Maeda et
al., 2000), V. costicola, V. diazotrophicus, V. fluvialis,

1

¥

L

ok

V. nigripulchritudo, V. proteolyticus, V. salmonicida,
V. splendidus, V. tubiashii (Simon et al., 2002) 5]
o] FollA B =Tk T2V ichthyoenteri
o 3+ 16S - 23S rRNA IGS ¢] ¢17] Ag-& o}

2] GenBank of] 4 o] UA] 3T

2 AFelAE {AX rAdo]o A Felgk V.
ichthyoenteri 155 2F “3a et {X] 2ol o] 3+
= 5 2ol thste] mAyESHE oA 2t
T A Ao, Ase At 2 R AE s

HlaL ST

AN 25

2 A ARESE F 19719 AE H e
2002375 20043712 AL F8l 9 Es)
T oy R A o] TS Hole PA
oA &el® Zlor ofol] thelk 5= Table 1,2
o JeRIdtE B2l 1.5% NaCl 371 TSA
2} TCBSel| g4 Z=sh 3 25°C, 2417k vk
SEA Tk

FZ 45+ Y& Hiroshima University ol A
A2 V. icthyoenteri FH8804 2} $-2] y&}ol|
A ezl A dx Aol 2Rel Reld
V. icthyoenteri FK-3 (Kim e al., 2004), 12|37 g+
w21 Z=AEl (Korea culture center of
microorganisms, KCCM) o] 4] E-oFuke- V. jcthy-
oenteri ATCC 700023 (KCCM 40870, F-2) |3l th

1) d& 5598 T Ag

1% peptone © & Yk= alkali-peptone <~ B4 &
At 5% 0,05,1,3,6,8% A FHlskaL, Al
w452 F}Zx 4 ZHzFe] MacFarland No. 3
(OD540nm = 10) %Ei _IZ_.XE,] 5_1' ;§:‘ 40 LLQ ’5]. Zé%‘
sle] 257C, 24A17F ksl Es = Set
Aoz PAA- FuEas WYsion,
3 9 540 nmeld FRE S ST

2) 28 F5 A

W) e ZAS G AR #EE
1.5% NaCl 37} alkali-peptone 4= BiX] <l 40 uf
A HESN 4, 10, 15, 25, 35, 40°Col| 4] 24A]7F
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Table 1. The origin of isolated strains used in this study

Strains Origin of bacteria
Vic-CSl1 Liver 2003. 08 Wando
Vic-CS2 Kidney 2003. 07 Ulsan
Vic-CS3 Kidney 2003. 07 Jeju
Isolated Vic-CS4 Kidney 2003. 07 Jeju
strains Vic-CS5 Kidney 2003. 06 Jeju
(n=9) Vic-CS6 Kidney 2003. 06 Jeju
Vic-CS7 Mouth 2003. 06 Gochang
Vic-CS8 Kidney 2002. 08 Jeju
Vic-CS9 Kidney 2002. 08 Wando
Reference FH8804 Hirosima University
strains FK-3 Kim et al. (2004)
(n=3) F-2 ATCC 700023 (KCCM 40870)

Table 2. The clinical signs of diseased fish used for bacteria isolation

Strains Clinical sign
Vic-CS1 Gill anaemia, liver and spleen atrophy, intestine hemorrhage
Vic-CS2 Liver hyperemia, spleen and kidney atrophy
Vic-CS3 Fins corrosion, liver hemorrhage spleen and kidney hypertrophy
Isolated Vic-CS4 Fins corrosion, abdominal swelling, liver hemorrhage, spleen and kidney hypertrophy
strains Vic-CS5 Skin ulcer, abdominal swelling, liver and kidney hypertrophy
(n=9) Vic-CS6 Skin ulcer, abdominal swelling, kidney hypertrophy
Vic-CS7 Mouth ulcer, skin ulcer with scuticociliatosis
Vic-CS8 Skin ulcer, abdominal swelling, kidney hypertrophy
Vic-CS9 Liver hyperemia
Reference FH8804 Intestinal necrosis
strains FK-3 Intestinal necrosis
(n=3) F-2 Intestinal necrosis

A3kl AlE -2 oxidase test (cytochrome

oxidase), citrate ©]-8% (Simmon's citrate agar),
nitrate 215, Kovacs' indole test, methyl red test,
Voges-Proskauer test &} E<=3l&E £3l Algo=
X1 arabinose, glucose, sorbitol, raffinose, sucrose,

salicin, lactose, inositol, maltose, mannose, manni-
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Table 3. The origin of V. icthyoenteri strains used for 16S-23S IGS pattern analysis

Strains (n=10) Origin of bacteria

Weight (g) Month Location
Vic-CS04'1 220 June Jeju
Vic-CS042 340 June Jeju
Vic-CS04'3 10 June Jeju
Vic-CS04'4 1350 June Jeju
Vic-CS04'5 70 June Ulsan
Vic-CS04'6 310 July Uljin
Vic-CS04'7 60 dph* Aug Jeju
Vic-CS04'8 55 Aug Jeju
Vic-CS04'9 62 Aug Haenam
Vic-CS04'10 186 Aug Haenam

*, days post hatching.

tol @ melibiose 59 & 35S ZAlstiath
1] 37 lysine ¥} ornithinel] t&l decarboxylase
Al¥ 3} arginine ©l] thgF dehydrolase A8 -& 2A]
319121 novobiocin A& 7 TCBS )| A] 2]
colony /372 #&sliTh

16S-23S rRNA intergenic space (IGS) £

1) genomic DNA ¢] £ 7]

Table 1] vebd F=x FF9F 8 I
High pure PCR template preparation kit (Roche) &
A}2-31o] genomic DNA & #-2] 5131 th

ol 2004 % e 24 Astst
dol Voichthyoenteri €+ YX 8= 10701¢] 2]
FE i SE DNAE EElsle] ol Hdd
AFE-3}93 TF (Table 3).

S1H, V. ichthyoenteri®} 7= VibrioZ: Al2)
16S-23S IGS patterns = ¢olx7] f18te] AL8-3t
2EZ 5+ Table 4 2} 73t}

2) 168-23S rRNAIGS 5 %-& 9]¢ PCR primer
Al =

IGSE SEA717] 918le] AME-e primeri=

Gurtler 5 (1996) ©] A|Qt3k primerE UH HEY
3l 7o 724 5-GCG CTG GAT CAC CTC CTT
T-3' (E. coli 16S 1RNA F3-°] 1523~1540 bp)+
5'-TGC CAA GGC ATC CAC CGT T-3' (23S
rRNA FE-o] 21~-38 bp)= 5=+ A2+ (Bioneer,
Korea) 3} A}&-313th

3) PCR amplification

PCR 2 PCR premix (Bioneer) S Al-8-3}o] ther-
mal cycler (Perkin-Elmer) 2 <=3} 5}31 Ttk PCR
ZAFE-2- 2% agarose gel 914 7171353152 PCR
HE-S- 2FE-2 PCR product purification kit
(Bioneer) 2 “g#| 5} pGEM T easy vector sys-
tem (Promega)2 ©]& 3} ligation 313 Tk A=
% plasmid DNA+ alkaline lysis .2 5%
sFATh

4) DNA sequencing

Plasmid DNA & &% 3} % automatic sequencer
(ABI377,USA)E ¢17] ALE-S B 51Tk

5) A7 g9 Bl 4

16S-23S IGS 7] A1<E-& Clustal W (ver. 1.71)

program-S ©]-8-3}] multiple alignment 3},
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Table 4. The reference strains used for comparison of 16S-23S IGS patterns

Reference strain

Reference strain

Vibrio alginolyticus KCTC 2928 Vibrio mimicus ATCC 33653
Vibrio anguillarum ATCC 19264 Vibrio parahaemolyticus ATCC 33844
Vibrio carchariae ATCC 35084 Vibrio penaeicida KH-IG
Vibrio compbellii ATCC 25920 Vibrio vulnificus ATCC 27562
Vibrio diazotrophicus ATCC 33466 Photobacterium damselae ssp. damselae ATCC 33539
Vibrio fluvialis ATCC 33809 Aeromonas salmonicida MTO004
Vibrio logei ATCC 29985

IGS F4dAke] 242 tRNA scan-SE program-&-
AHE-310] (RNA geneS elalioh

=3k 971 ALE-S Genetyx program= ARE-
3lo]  Z33193 2w National Center for Biotech-
nology Information (NCBI) ol 4] A 35 =
BLAST program &= o1 W& A U= 455
9] 16S-23S rRNA intergenic space (IGS) 2} vl
A ek Tk

= Q¥ wrw end 0e @ 7k A
s 4 A AR UErigich
LR R E I E e R E g S R

2] o=+ 2 ~ 3% NaCl 37} peptone <]
A 2 Z2519.3L 1 ~ 6% NaCl 37} peptone =
oA ABETE 8] F2+= Rk 328 H3A|
vk L8] AFE B 2 S she sl E v
Bk e ™ Vie-CS2, Vic-CS3, Vic-CS4, Vic-CS7,
Vic-CS9 o<=+= 8% NaCl oA &= oF3l =28 &
T ANTE
25 WS AP BE AIE 7 25
~ 30°Co A ES3H A 10°Co) sk} 35°Col
el ME SR Eehe] 25 CHST HA 9

27191 o 2 etk
ABsLelE Aok ARl 37] = 152k 971
] w52 A A BE AldelA A
2]&F9A 5+ F-2, Vic-CS5, Vic-CS6+= sucrose ©]
B850l 3HCE JEELC 1 TCBS vix] gl 4]
green colony & 34 5191 77 Vic-CS5-2 TCBS =i
Aol A & AekA edskek ofe] B SR
b Y FHAAE BE I @) A
P Aoz vehgth 2 2l APelE fruc
tose, glucose, maltose, mannose 2! trehalose= <
Aol T 9] A PHS BE S0 U

stk

2. A8l #32| 16S-23S rRNA intergenic space (IGS)
M

2.1.IGS #+4¢ 91 PCR A%

7] MLS primer2 AF2-3le] PCRS 3+ Ax}t
£ Fig. 1 (Table 12] 2] o5), Fig. 2 (Table 3 2]
Ha] #59), Fig. 3 (Table 42] = #9)l Uer
Udth 2z @5 Be #5E 5% 4709
major band (IGS-1, IGS-2, IGS-3, IGS-4) & &/
3102 Z}zFe] band size = Table 6 2} 7tk 3
Z w59k #8455 5L E PCR product
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M 1 2 3 4 5 6 7 8 9 F2 FHFK3 M

" B+ B -B B B B |

_“““ﬁ-ﬁ“““

Fig. 1. Amplification of 16S-23S intergenic spacer of the isolated strains (lane 1~9) and reference V. ichthyoenteri strains (F-
2, FK-3, FH-8804). M, size marker; 1, Vic-CS1; 2, Vic-CS2; 3, Vic-CS3; 4, Vic-CS4; 5, Vic-CSS; 6, Vic-CS6; 7, Vic-CS7;
8, Vic-CS8; 9, Vic-CS9.

M 1 2 3 4 5 6 7 8 9 10 F2

Fig. 2. Amplification of 16S-23S intergenic spacer of V. ichthyoenteri strains isolated in 2004 and reference strains (F-2). M,
size marker; 1, Vic-CS04'1; 2, Vic-CS042; 3, Vic-CS04'3; 4, Vic-CS04'4; 5, Vic-CS04'5; 6, Vic-CS04'6; 7, Vic-CS04'7; 8,
Vic-CS04'8; 9, Vic-CS04'9; Vic-CS04'10.

Fig. 3. Amplification of 16S-23S intergenic spacer of other bacteria species. M, 100 bp ladder; 1, V. alginolyticus; 2, V.
anguillarum;, 3, V. carchariae; 4, V. compbellii; 5, V. diazotrophicus; 6, V. fluvialis; 7, V. logei; 8, V. mimicus; 9, V. para-
haemolyticus; 10, V. penaeicida; 11, V. vulnificus; 12, Photobacterium damselae subsp. damselae; 13, Aeromonas salmoni-
cida.
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Table 5. Biochemical and physiological characteristics of the tested strains®

Isolated strains Refer‘ence
strains
Characteristies Vic- Vic- Vie- Vie-  Vie- Vie-  Vie-  Vic-  Vic- F FH-8 FK
CSI CS2 (CS3 CS4 CS5 CSs6 CS7 (€S8 (CSs9 -2 B804 -3

Gram stain - - - - - - - - - - - -
Motility + + + + + + + + + + o+ +
Oxidase + + + + + + + + + + o+ +
Catalase + + + + + + + + + + O+ +
Fermentation of glucose + + + + + + + + + + o+ +
Gas production of glucose - - - - - - - - - - - -
Simmon * citrate - - - - - - - - - - - -
Nitrate + + + + + + + + + + o+ +
Indole - - - - - - - - - - - -
Methyl red + + + + + + + + + + o+ +
Voges-Proskauer - - - - - - - - - - - -
ONPG® - - - - - - - - - - - -
Hydrolysis of

Casein - - - - - - - - - - - -

Gelatin - - - - - - - - - - - -

Starch - - - - - - - - - - - -
Decarboxylase production

Lysine - - - - - - - - - - - -

Ornithine - - - - - - - - - - - -
Dehydrolase production

Arginine - - - - - - - - - - - -
Growth at

10 °C - - - - - - - - - - - -

25°C + + + + + + + + + + o+ +

357C - - - - - - - - - - - -

40 C - - - - - - - - - - - -
Growth at NaCl (%)

0% - - - - - - - - - - - -

0.5 % + + + + + + + + + + o+ +

2% ++ o+ ++ ++ ++ ++ ++ ++ ++ +H o+

3% +H o+ + o+ +H o+ ++ ++ ++ +H o+

6 % + + + + + + + + + + o+ +

8% - +w)  +w)  +(w) - - +(w) - +(W) - - -
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(continued)
Isolated strains Refer.ence
Characteristics strains
Vic- Vic- Vic- Vie-  Vie- Vie-  Vie-  Vie-  Vie- ) FH-8 FK.3
CS1 CS2 (CS3 CS4 CS5 CS6 (CS7 (€S8 (€S9 804
Acid production from
Adonitol - - - - - - - - - - - -
L-Arabinose - - - - - - - - - - - -
D-Cellobiose - - - - - - - . - - - -
Dulcitol - - - - - - - - - - - -
Fructose + + + + + + + + + + + +
Galactose - - - - - - - - - - - -
D-Glucose + + + + + + + + + + + +
myo-Inositol - - - - - - - - - - - -
Lactose - - - - - - - - - - - -
Maltose + + + + + + + + + + +
D-Mannitole - - - - - - - - - + - -
D-Mannose + + + + + + + + + + +
Melibiose - - - - - - - - - - - -
Raffinose - - - - - - - - - - - -
L-Rhamnose - - - - - - - - - - - -
Salicin - - - - - - - - - - - -
D-Sorbitol - - - - - - - - - - - -
Sucrose + + + + - - + + + - + +
Trehalose + + + + + + + + + + + +
D-Xylose - - - - - - - - - - - -
Novobiocin S S S S S S S S S S S S
TCBS Y Y Y Y N G Y Y Y G N Y

*All tests except the growth test on temperature were performed at 25 “C; "ONPG, o-nitrophenyl-D-galactopyranoside; S, sus-
ceptible; Y, yellow colony; G, green colony; N, no growth; W, weak reaction.

pattern= WERHSATE ool ¥ ©h= Vibrio$:
1223} 1=9] Aeromonas salmonicida Fo A H
o]+ PCR product pattern<- A|li+ & Eo|Ao =2
©13} band size 9l o] &} band /FANE =
2ol & BATE

32.1GS9 7] A E =4

Table 691 “}Ed 4 groups 2] band % 1GS-1, 2

3 39 siFshs 7F d5-o] A= HH st
& PCR products & cloning 3}2’ sequencing $+ 2
7 7] o 2 A= A5 37 FE el IGS
2 PRI 9Tk =, Group IGS-1-2 tRNA

= 7R A &2 IGS gene, Group IGS-2+=
tRNA®T®, Group IGS-3-& F 7j2] tRNA =

tRNA™P 2} (RNAMT Z coding = IGS gene
oz AL
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Table 6. Band sizes of IGSs PCR product
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Strain Group of band size (bp)
IGS-1 IGS-2 IGS-3 1GS-4*
Vic-CS3 354 461 613 750
Iolated Vic-CS5 354 461 613 750
) Vic-CS6 354 461 613 750
strains
(1=6) Vic-CS7 354 461 613 750
Vic-CS8 354 461 613 750
Vic-CS9 354 461 613 750
Reference FK-3 354 461 613 750
strains FH-8804 354 461 613 750
(n=3) F-2 354 461 613 750
*, approximately.
ATACGATGAT  TACTCACGAT GAGTGTCCAC ACAGATTGAT  GGTTTTGAGG TTTTTAACCT €0
CGAGCTATTA  TTGCTCTTTA ACAATTTGGA AAGCTGACTG  ATAACAACAT TGTTGTTATC 120
AAAAAAAGTT  CTCAATGTTT  ATCTTTAAGA  TAAACACCAA AAAACACATT CAAGTGTTCT 180
TGGCAATATC  ATCATTTAAT GATGATTATT CGAAATTGAG TCCGGCAAAA  TCGAACGTCT 240
CTCACTCATA  AAATAGAGAG ACAACTTGGT  TGTTTAACGA AACTCCTTCG GGTTGTATGG 300
TTAAGTGACT  AAGCGTAC
Fig. 4. Nucleotide sequence of ISR-1 gene (strain Vic-CS3). No tRNA encoding gene.
ATACGATGAT  TACTCACGAT GAGTGTCCAC ACAGATTGAT ATGTTTATAA AGTTTAAGAG &0
TTAACTAGTG  TCCCGTTCGT CTAGAGGCCT AGGACACCGC  CCTTTCACGG CGGTAACAGG 120
GGTTCGACTC  CCCTACGGGA TACCATCTTT AAGCATTCTT  TAGGTAATAA CCTATTTGAG 180
AGTTTTTAAA  AATGGTTAGT TTCTTTTGAA ACAAACTTGC  TCTTTAACAA TTTGGAAAGC 240
TGACTGATAA  CAACATATTG TTATCAAAAA AAGTTCTCAA  TGTTACCTTA AGGTAAACAC 300
CAAAAAAACA  CATTCAAGTG TTCTTGGCAA  TCATCATTTA  TTGATGATTA TTCAAATTGA 360
GTCCGGCAAA  ATCGAACGTC TCTCACTCAT  AAAATAGAGA  GACAACTTGG TTGTTTAACG 420
AAACTCCTTC  GGGTTGTATG GTTAAGTGAC  TAAGCGTACA

Fig. 5. Nucleotide sequence of ISR-2 gene (strain Vic-CS3). Region encoding tRNA molecules are boxed: (RNA®,
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ATACGATGAT TACTCACGAT GAGTGTCCAC ACAGATTGAT AAGTTTATAA AGTTTAAGAG €0
ACGATACTGG GTCTGTAGCT CAGGTGGTTA GAGCGTTCGC CTGATAAGCG AGAGGTCGGT 120
GGTTCGAGTC CACTCAGACC CACCAATTCC CTTCCCAAGG AATTGGCACA CAGTATCGAC 180
ACCTGATGGG GCTATAGCTC AGCTGGGAGA GCGCCTGCCT TGCACGCAGG AGGTCTGCGG 240
TTCGATCCCG  CATAGCTCCA CCATCTTTAA GCGCATTTAC TTTTGAATAG AAAGTTGAGT 300
GTTTTTAAAA  ATGGTTTTCA TCAGAAAATC TAGCTCTTTA ACAATTTGGA AAGCTGACTG 360
ATAACAACAT TGTTGTTATC AAAAAAAGTT CTCAATGTTT ATCTTTAAGA TAAACACCAA 420
AAAACACATT  CAAGTGTTCT TGGCAATATC ATCATTTATG ATGATTATTC GAAATTGAGT 480
CCGGCAAAAT  CGAACGTCTC TCACTCATAA AATAGAGAGA CAACTTGGTT GTTTAACGAA 540
ACTCCTTCGG  GTTGTATGGT TAAGTGACTA AGCGTAC

Fig. 6. Nucleotide sequence of ISR-3 gene (strain Vic-CS4). Region encoding tRNA molecules are boxed; tRNA™“*" and

tRN AAlu(TGC) X

e ®eE 7559 IGS-1,2 ¥ 3 genes V.
ichthyoenteri 3= w5-21 F-22} 99.06~100% =

Ax] sk T} (Fig. 4, 5, 6).

1

]

T} AR Fwel W we o) s Al
F& ERes edwd g feee 53,

N A, A Bl
= QS AL A 5

S

Ol

@ fe 7k gt

A el &

Vibrio sp.2] £l 0% 98 =9 4Coll A

2002 7€ 2004 371A] =] v=he] s g2
offFollA o AlFS Bl ZARSE Ad ofFHE
25 GXdA e Ml 28] HErt Ad =%
ok ol At Foll A= 53] vibrio S Alito] =
= HIES 2SR vid STEske FAllelm 1
T PA A7l AaEEs Aol Ao
2 A A A= Vichthyoenetri7} X9l wa}A]
= 33% %2> 28 vEd S Vs E VE
Atk 53] Aport obd m/do] XA V.
ichthyoenetri7} E2]5E= ol 2 dEx A
%o o]Fo] WA zjo] o] FyuErS ot 1]
’dololl MRl J3F T2 oS eR a3
om & 7k th

2 AgelAE wido] JAOA FEE V.
ichthyoenteri &+ “3AERZ- {2] AlojollA Fe
H Vichthyoenteri 2] ¥ wA &% EAS ©
Wsh7] flste] 7 IE7ke] AYshelE A4k 2
EAAAETE Y 52 AP Y st

—_—

=

o] & Y= T8 AEE o8 Fr} (Brant
et al., 1986; Alsian and Blanch, 1994). .= AJg]
T+ NaCl 0% ¢} 4 Coll A= E53skA] ATk
NaCl0.5% 37} pepton =l M= =z 5= F-2
= oRF A= sl wWHA widojell A Eeld
TFES 7 S shs As B 5 Ao 7
M) A FFE2 8% NaCl 37} pepton <=l
Fs8jo] el et e
A Aol 7} oS L S YTk B AN
nd ol 25 FEle 4FES dE
(Masumura et al., 1989) g=Hr} & 7153l
¥ oEE U7 We S4e nasd
EEBIERIBESAER LT e
o] e o Ak
1 =

1
el

AP Bk e 25CAFY u, Py
2~3%7} V. ichthyoenteri®] A ] wlF 27191
ZO & Uelow ole]dk 542 o] A
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Vibrio%s Alxt9] §4-> LRt At 2
AslelkE ko] tleksle] (Diggles et al., 2000),
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o] o] =t} (Osorio and Toranzo, 2002). L& #]
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U Atk Moon et al. (2004)-2- V. ichthyoenteri 2]
IGS+ tRNA gene 1= no type The H L3I A]
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