o8P A} B9 =

n| o] %A JAX|, Paralichthys olivaceus ©f| A]

223t Vibrio ichthyoenteri®l 5743

20059 8¢

738w s 9



d

0053 64
2005

N




W j(]. ............................................................................................................................................ 1
Abstract ........................................................................................................................................... 1“
I ,\1 B e 1
11 ,q]_.;;_ o 1}}1{1 ............................................................................................................................ 4
AL BITF Q] BE ] QF AR FF 35 oo e s 4
D0 ALB] FEZE O] HJGE AJAF oo 6
D1 A)T] TFZE ] B OF oo 6
2.2 OFRE 2o E] HEG AJ T e 6
D3 EIEH] HEG A e 6
3 AHBFOL AL AJZE LA oo 6
4. SDS Poly-acrylamide gel electrophoresis (PAGE) «rererrimr s 7
B Al E) FZE ] GFGIAT AT e 7
5.1, BFQY O] A EF e 7
5.2 BFEI ] A Eb ceeeseeis e s g
5.3, BFS] BF A HF G e 8
6. A8 TFF 2] 165-235 rRNA intergenic space (IGS) 34T worermm o 9
6.1, A 7F9] genomic DNA Q] FLE] s 9
6.2. 165235 rRNA IGS ZF & $18F PCR primer A &} e 11
6.3. Polymerase chain reaction (PCOR) - s 11
6.4, PCR Products ClONTNg -+ 12
6.5. A%% % plasmid DNA®] 27} inserted DNA FHQl oo 12
6.6, DINA SOQUETICIE v s 12
6.7. @1 7] AJGIQ] HIDL B A oo 13
70 A1 E] TFZE O] HEQIAL AL B e 13
TAKIAD R O] @] B 7F 7FGE ALF] oo 13
F2WE] AJO) 0] AL 7S A]E] o 14
8. AlE st =23t brine shrimpi)-f AU AVZEE A GF g5 e 14
9. Pepsin S Te AT EEF AJE] e 14



I~

Ut

B T e e 15

4” ot 9] H ‘:] .............................................................................................................................. 15

A] ’E;)j HEo] ABE- A ul o §} &} A AG 2 16
SDS-PAGE Oﬂ [ ; 3 —ﬁﬁ =3 uﬂ A R )J} ................................................................................ 21
,:?: g] ‘,f}“, 91 '(%L g‘)] 301- ;q] 131: \% .............. J T T 23

2} 4t 0] 165-236 rRNA intergenic space (IGS) A s 25

5.1. 1GS ELTL)‘1‘S 2] t}} PCR ﬂj} ............................................................................................ 25

5.2, 1GS] 91 7] AJ@l ELAT it 28
6, BRI AT AL T o a2

61, YR K09 HTE ZHA ALE] s 32

6.2 2] 20] 0] TG ZFG A B e 33
7. Tt QH Oﬂ /n Z] {r‘)]_ brine shrimpi?- i“ LH }‘] -‘r}w A 9t _'T‘ ...................................................... 35
8. In vitro’del| A12] pH 2 pepsin 55 AT BT AT 37
LV - T R T 40



Characteristics of Vibrio ichthyoenteri isolated from the olive

flounder, Paralichthys olivaceus of culturing size

Hua Li

Departinent of fish pathology, Graduate School,

Pukyong National University

Abstract

From 2002 to 2004, various vibrios were isolated from the olive flounder,
Paralichthys olivaceus of culturing size with disease signs. During this survey, it was
known that the high proportion of Vibrio ichthyoenteri was occupied among the
isolated vibrios. Generally, Vibrio ichthyoenteri is well known as the pathogen of
bacterial enteritis of olive flounder larvae.

The aim of the present study were the comparison of the characteristics between
two isolated groups of Vibrio ichthyoenteri, (i) culturing sized olive flounder, and (ii)
larvac of olive flounder showing the intestinal necrosis. The research was focused
on the physiology, biochemistry, antigenicity, genetics, and pathogenicity in the
bacterial groups.

The physiological and biochemical characteristics of the tested strains were very
similar between these two groups. The most bacterial protein profiles of the tested

strains were very similar to reference strain but certain portion (34~45 kDa) of



protein band were different.

In antigenic property, Vibrio ichthyoenteri, isolated from culturing sized olive
flounder, could divide roughly into two groups based on the antigen FKC. In
antigen HKC, they widely showed common antigenicity against other vibrios.

The Intergenic Spacer (IGS) Region between the 165 and 235 rRNA genes of 21
isolated strains and 3 reference strains, V. ichthyoenteri, were investigated by PCR
fragment length typing and DNA sequencing. The isolated strains were identified as
V. ichthyoenteri, not only phenotypic characteristics of the isolated and reference
strains but also homology of 165-235 IGS of all isolated strains and reference strains
as 99.1~100%. The V. ichthyoenteri presented 4 specific 165-23S pattern and contained
No-IRNA, tRNA™Y RNAMCAD IRNAMY type

In the challenge test, oral intubation/i.p. injection with Vibric ichthyoenteri
suspension showed that there were no pathogenicity difference between the two
groups of strains. The virulence in two groups of V. ichthyoenteri was seemed to
trivial on the culturing sized olive flounder. But it was suggestive the possibility of
oral infection to larvae of olive flounder that the colonization of V. icthyoenteri was

clarified from the immersed brine shrimp in the bacterial suspension.
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27 s Q95 Hiroshima Universityoll A Al g-1b-e Vibrio icthyoenteri FH8804 2}
Al erazd el Jgx Afolg el H-el9 V. oicthyoenteri KF-3 (Kim et al., 2004),
3 Sharu) ¥R E el (Korea culture center of microorganisms, KCCM)ol A #<F
weo V. jethyoenteri ATCC 700023 (KCCM 40870, F-2)] %it}.
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Table 1.1. The origin of isolated strains used in this study

Strains Origin of bacteria
A26001 Liver, Olive flounder 2003. 08 Wando
A26002 Kidney, Olive flounder 2003. 07 Ulsan
A26004 Kidney, Olive flounder 2003. 07 Jeju
A26005 Kidney, Olive flounder 2003. 07 Jeju
Isolated A26006 Kidney, Olive flounder 2003. 06 Jeju
strains A26008 Kidney, Olive flounder 2003. 06 Jeju
(n=11) A26009 Internal organs, Abalone 2003. 06 Jeju
A26010 Mouth, Olive flounder 2003. 06 Jeju
A26011 Mouth, Olive flounder 2003. 06 Gochang
A26012 Kidney, Olive flounder 2002. 08 Jeju
A26013 Kidney, Olive flounder 2002. 08 Wando
.i{ oference FH8804 Hirosima University
) FK-3 Kim et al. (2004)
strains (n=3) ATCC 700023 (KCCM 40870)

Table 1.2. The clinical signs of diseased fish used for bacteria isolation

Strains Clinical sign

A26001 gill anaemia, liver and spleen atrophy, intestine hemorrhage

A26002  liver hyperemia, spleen and kidney atrophy

A26004 fins corrosion, liver hemorrhage spleen and kidney hypertrophy

fins corrosion, abdominal swelling, liver hemorrhage, spleen and

A26005 .
kidney hypertrophy

A26006  skin ulcer, abdominal swelling, liver and kidney hypertrophy

[solated
trai A26008  skin ulcer, abdominal swelling, kidney hypertrophy
strains
A26009 no sign
A26010  mouth ulcer, skin ulcer with scuticociliatosis
A26011  mouth ulcer, fin ulcer
A26012  skin ulcer, abdominal swelling, kidney hypertrophy
A26013  liver hyperemia
FH8804 intestinal necrosis
Reference . . .
_ FK-3 intestinal necrosis
strains
F-2 intestinal necrosis
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4. SDS Poly-acrylamide gel electrophoresis (PAGE)
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1.0mm $7 2] 10% SDS-polyacrylamide geloll 154% 2 &}il 150VE ok 3A1gF 54t
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6. A% 59 165-235 rRNA intergenic space (IGS) 4]
6.1. A7+ 2] genomic DNA2] #¢]

Table 1) vlelWl 3709} 2z @#59F 1179 #e] 5% 1.5% NaCl # 7} TSB Smioll
HEEar 25CoA 200rpmo. 2 e wjekdt § 6,000rpmell A 3R 1A H-elsho
pellets #&}31 High pure PCR template preparation kit (Roche)& AF-&38}o] genomic
DNAE H¢3tgnh

ol e %= 2004 & o M Be] B ol AEst Asabol V. oichthyoenterig}

x| EE 1072 ¥l wFE RO E DNAE ®E3le olF dyd Ab&sislvt

(Table 2).
&3, V. ichthyoenteri®} Z+& vibriod: #7f2] 165-235 1GS patterns g ol 7] 9] &}

o] Al Fx gy Table 39 23l ol% HE 9 genomic DNAL 4F7]e] W

Wol wel He)sldct. B3 DNAF PCR2| template® A-839 v



Table 2. The origin of Vibrio icthyoenteri isolates from olive flounder, Paralichthys

olivaceus in 2004 used for 165-235 IG5 pattern analysis

Origin of bacteria

Strains EE— — = -
Size Date Location
A26015 220 g June, 2004 Jeju
A26019 340 g June, 2004 Jeju
A26022 10 g June, 2004 Jeju
Present .
A26029 1350 g June, 2004 Jeju
isolated
o A26037 70 g June, 2004 Ulsan
straimns In
5004 A26040 310 g July, 2004 Uljin
(n=10) A26041 60 dph* Aug. 2004 Jeju
n=
A26042 55 ¢ Aug. 2004 Jeju
A26044 62 g Aug. 2004 Haenam
A26045 186 ¢ Aug. 2004 Haenam

*

, days post hatching.

Fable 3. The refcrence strains used for comparison of 165-235 IG5 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 MT004
Vibrio logei ATCC 29985

_10_



6.2. 165-235 rRNA IG5 228 ¢]8t PCR primer A2}

F%J
Fﬂ

ol 5 2 2 4 0] IGSE ZEXF]7] 95t AM83 primeriz Gurtler et
al. (1996)0] #oF&t primer®E U¥F- wasl Ao gA 5-GCG CIG GAT CAC CIC
CTT T-3 (E. coli 165 rRNA B o] 1523~1540 bp)y} 5-TGC CAA GGC ATC CAC

CGT T-3° (23S rRNA F-59] 21~38 bp)& i Al#ste] AHE-s3lt (Bioneer, Korea).

6.3. Polymerase chain reaction (PCR)
PCRe PCR premix (Bioncer)# Ab&38le] Thermal cycler (Perkin-Elmer) 2 T334
2 PCR %718 Table 49 e Th PCR ZZ 252 2% agarose gelol A A 745

s} UV transilluminator 2AFell 4] 2kt = Table 2o ubebyl 20045 #e] 59}

Table 3o vleldll th& vibriod: M5y PCR patterns& Blal 48ttt

Table 4. Condition of reaction steps and PCR cycles

Temperature(C) Reaction Time Cycle(s)
Pre-denaturation 94 5 min 1
Denaturation 94 30 sec
Annealing 55 30 sec 30
Extention 72 30 sec
Post-extention 72 7 min 1

- 11 -



6.4. PCR products cloning

8 e me] wraeb 3A0e) V. ichthyoenteri #z wFFeoll Wigk Zh7he] PCR productsel
tfale]l =/)H band BES A2 b2 PCR product purification kit (Bioneer)& A}
gato] gelze] A

PCR productsE cloningdt”] $&te] pGEM T casy vector system (Promega)s ©18
gk &, 14 ligase® PCR productsE vectoret @77 recombinant plasmid
DNAZ )i o]& 80T Hu% 100402 competent cell (E. coli DH5a)el| 42°C
o) 41 9027} heat shock©. & transformation AJZlt}. o} 7ol Twie] LB medium& 37}
sle]  370CelA 9047 wleksk ¥ Ampicillin (50pz/ml), PTG (Isopropylthio-p
-Drgalactopyranoside, 25mg/ml)¢} X-gal (5-bromo-d-chloro-3-indolyl-D-galactopyranoside, 105

/miye} Ee% LB Ao vjokate] white colony s A1 stgiTh.

6.5. 2549 plasmid DNAe] #%3} inserted DNA 22l

I
ik

A #3rE plasmid DNA{= alkaline lysis 0. & F#&3dth. plasmide] W $E &
$18le] Ampicillin (50mg/ml)o] HoilE LB broth 2mlell white colony& 37C %A
&loll 4] overnight W&k 1000rpm 4T 302 €941 Felslel Hitsh & 428hgh A3
solution I [30mM glucose, 25mM Tris HCI (pH 8.0), 10mM EDTA (pH 8.0)] 100s¢,
solutionIl 0.2 N NaOH, 1% SDS] % Solutionlll [5M Potassium acctate 60w, Galcial
acetic acid 11.5pF, goje4 285m¢] L AHAX 3 wolxl ANy FaFe| Phenol

ChCl : 1AA  (PCl; Ambion)& 98-8 #H7pste] @A A7l - #dx8l3r RNase (dmg/ml)

& Aejste] dF AREE

6.6. DNA sequencing

Plasmid DNA& 238 3 automatic sequencer (ABI 377, USA)& 17| A g 4
T

_12_
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6.7. A7) AL Bl &4

P F 9 #x fFel 165235 1GS 7] A H Clustal W (ver. 1.71) program=
o] 45te] multiple alignmentd}§] 2™, 1GS % #ke) 42 tRNA scan-SE program-
AH&3ted IRNA gened &¢lstith

off x5
Biotechnology Information (NCBIyo| A} &% += BLAST programo.& ofn] Bf& 4 31

-8k 917] M+ Genetyx programg Ah&sbe] ghslslen) National Center for

1 1‘1

JH‘

¥ GFFEE 9] 165-235 rRNA intergenic space (IGS)9} v]lal 441319 T

WA AW G AFolE Be) A S AN B dF 4-5g9)
A olglon], 500L A& oA 25U FAAZ F Abgskivh Adel) A
= Vo ichthyoenteri 37)19) ¥¥] 5o} A3 werE doloa Beld Iz #F 3

2ea gAe] Hade JelE B omrdaojdth BE A dFE 1.5% Nall 37}

TSA wj Aol Al 25C, 24A1¢F wi sl 415 AFEshaltt

Aol @R % 77k 10vtel & Ahgsie] dAsglon ¥ @FEE Loterds,

FK-3, A26002, A26004, A260110]93, A% wws oF 107" cfu/ml @ 107 cfu/mlz

gskel o7 @ 0Amid ¥ FASHTE AW e 20005C R fAAHoM 14
o ol A ZAAL
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wUlE ol g Al AR ol NS AT 49 A FYS wF (ole HE #F

F2)2 oF 107 cfu/ml 2 107 cfu/mle] s&7F w14 24ske] ofd & 02 mly Fofs}

=

Avk crefar gl § 76l 2 Aol 9A Uy AlE FebHe s Adske) bt

Wel Aol ot WA SN the AFSE Feinh

8. A3 atedo] A3k brine shrimpe] A AJZHE At 5

Brine shrimp& g #lerelo] Hxste] AR Alqt 522

S B2, KE-3, A26002 2 A26011% oF 10"cfu/ml 52 248 Agide] 7124
71 %15, 30, 60%-0] A3k w) wlc} brine shrimpE 4:88ke] 01g/ml g ZHolx]
A B8 g E Ak 4re9) Vibrio R4S S48k th v Al TCBS, Marine agar
2 0.5% NaCl #7F TSAE Apgatgon, ol Pub wjzo] Fgata] 25T M 18417

e § Aol 9 £ gk

9. pepsin =W At a3t Al
thebe pH Z oAl =W pepsing]l g3 G4E w7 §18) chgu e ARE F

A s}, Fealy, pH 4, 5, 6, 78 24 ¥ 1.5% NaCl 7} TSB wiA & o] -3}«

it

=
21e] gl A Fule pepsin (pepsin A, 1 : 10,000; Sigma-Aldrich)-& 0.1mg/ml,
0.01mg/ml 2 0.00lmg/ml =g x4ska] 9owell microplated] 200u%) &8k 7

Wl el Ax FEE TSB) HAd HIL (0.3, ASMOnm)E £ sle] 40ud BE

g 7A el Al FRES Z sl 9 AukE Al
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®oAgel] A B @A 200220040 A, whalel 9 alel WA kA

AN el 48 wolt JARNE PG @7 109 AFd AR BaE 1

Nel wrzA F 117 atFolh olE wrFw 1.5% NaCl 37 TSAe]XA creamy
colony® &4 3alu} TCBSo M= F4 yellow colony® & 4stsl ot w5 wepA

1= green colony & #4875 std

2 AW el Aeletd W gsista 44

Table 5ol%= 3709] afo] e}z wt5sh 11749 vigdo]l Fuhe] Ad #5E Wde

2ol 3 & 9 EEY,

i

&

ol

Wours AR 7

b1

% mww s AY A 39 FE dFeh 1] el s 223% Nadl g
7} peptone Foll A Z FAlagar 1~6% NaCl F7F peptone FoAf Agrot b
FH-88043 0.5% NaCl #7]1 peptone Foll A3z $2l8bx] @i Aow RAECH 18
2OE2E ok 248 MAAW, 19 #FES BF 4 FAsE A0 tepgon
FK-3, A26002, A26004, A26005, A26009, A26010, A26011 % A26013 5 & 8% NaCl

M okst FAS B 4 stk

oo wre Aldo A BE A1H F5v 25300 A RSt AR 10T o] 8kek 35T
o ol A= WbgEhA Fale] 25 CAZF L HA xmdel Ao vEiwth dE R,

S dhg A9 Ak Figo 134 Fig. 20 el ok
Aapsra Aab Ado) A 39 Fx wFeh 19 o) el Ak Ao BE A

ol &) A ]3] 13F9 219k -2, A26006, A26008 9 A26009+i: sucrose ©| &%Fo] FHe® U

_15_



o A green colonyE A8, FH-88049F A26006+> TCBS ul]

elst o] TCBS ] 44
o @A AN RE BFU) B4

Aol A 2 deba] ekskth o vhA bl &
] 2] oo g vehgrh @ Ba)l Al3elis Fructose, Glucose, Maltose,

O] PA TS <

Mannose % Trehalose:= kA
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Table 5. Biochemical and physiological characteristics of the tested strains’

Tested Items

Isolated strains

Reference

strains

A26 A26 A26 A26 A26 A26 A26 A26 A26 A26 A26
001 002 004 005 006 008 009 010 011 012 013

FH-
8804

KF

Gram stain
Motility
Oxidase
Catalase
Fermentation of glucose
Gas production of glucose
Simmon * citrate
Nitrate
Indole
Methyl red
Voges-Proskauer
ONPG"
Hydrolysis of
Casein
Gelatin
Starch
Decarboxylase production
Lysine
Ornithine
Dehydrolase production
Arginine
Growth at
4T
10 C
25 C
35 T
40 C

+ 4+ +

+ o+ o+ o+

+ o+ o+ 4+

+ + + +

+ o+ 4

+ + + o+

+ o+ o+t

+ 4+ + o+

+ + + +

+ + + +

+ + + +

+ 4+ 4+ 4+

-1
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(continued)

. Reference
Isolated strains )
Tested Items strains
A26 A26 A26 A26 A26 A26 A26 A26 A26 A26 A26 FH- KF-
001 002 004 005 006 008 009 010 011 012 013 8804 3
Acid production from

Adonitol o Lo e e
L-Arabinose oL oo oo o e
D-Cellobiose oL .o oo o e e e
Dulcitol . - - e e a e e e .
Fructose + o+ o+ o+ + + o+ o+ o+ o+ o+ + o+ o+
Galactose oo ..o o e
D-Glucose + o+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
myo-Inositol e
Lactose oo o oo Lo o e e e e
Maltose + + + 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+
D-Mannitole e
D-Mannose + + 4+ + 4+ + 4+ o+ o+ o+ o+ o+ o+ 4+
Melibiose oL oL Lo oo e e e
Raffinose S - oo oo e e e
L-Rhamnose oo oo oo o e e e e
Salicin o
D-Sorbitol -
Sucrose + o+ + o+ - - -+ o+ o+ o+ -+
Trehalose + O+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
D-Xylose - - oo oo e e e
Novobiocin $ $ §$s $ S S S S s$ 5 S S S S
TCBS Y YY YNGGY Y Y Y G NY

‘Al tests except of the growth test on temperature were performed at 257; "ONPG,
o-nitrophenyl-D-galactopyranoside; S, susceptible; Y, yellow colony; G, green colony;

N, no growth; W, weak reaction.
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0.6 —e— 26001

- 26002

26004

26005

—¥— 26006

0.4 = —&— 26008

o\ — 26009

—=— 26010

26011

26012

26013
FK3

FH8804

F-2

0.5

0.3

Absorbance at 540nm

0% 0.50% 2% 6% 8% 10%
Concentration of NaCl(%)

Fig. 1. The effects of NaCl concentration in alkali-peptone media on the growth of

the isolated strains and the reference strains at 25T for 24 h.
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0.8 —— 26001

& 26002
0.7 . 26004
S & - 26005
o 06 —¥— 26006
= 05 —e— 26008
§ ' et 26009
S o4 —=— 26010
o - 26011
O
2 03 26012
0.2
0.1
S
0
4T 10T 25C 35C 40°C

Temperature

Fig. 2. The effects of temperature on the growth of the isolated strains and the

reference strains in alkali-peptone media supplmented with 1.5% NaCl
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3. SDS-PAGE®] 2]%h Al e 4

Fig. 3ofli= 2 2do] Abg® 11702) ¥ s} 37) &3 5 12]al vibriod A
oo vl ¢abe] V. alginolyticus, V. mimicus, V. parahaemolyticus, V. campbellii,
V. pelagius, V. damselae (Photobacterium damsclae ssp. damselae) 5 V. angiullarume] 7t
Z3e 3 b A S poly-acrylamide geldoll ®7] Fgslel delgt AAE VehiRL
th. V. ichthyoenteri 5+9] #x @aeb #e] 59 7@ dfd AL FAbeRle.
L} ok 34-45kDa AFo]o] major bandell A zbe] & Hlth. A26001, A26002, A26004,

A26005, A26011, A26012 2 A26013 #9 Bl band®| #xake 3 35 F-23

s gow Yelhgom, 3 A260103 A26009%- I F5 F-20] dls] Bl band #
Aeko]l F vl 2 Ao s e, A260063 A260087F -y N-AbaFe]l A2 slow

byl o] Hl #ER el FK-33 FH88040 A+~ Bl bandv} @Fs}A Helo

FH-88049F FK-31= @ x]&}A vt F-23= thA zol7p AUtk
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M 001 002 004 005 010 006 F-2 KF3 FH| M 01l 012 013 008 009 F-2 KF3 FH

—_
—
o

b
Q

Fig. 3. Electrophoretic protein patterns of the isolated strains (A26001~A26013),
reference strains (F-2, FK-3, FH-8804) and other tested strains for comparison (V.

pelagins, pela; V. compbellii, cam; V. damselae, dam; V. anguillarum, ang; V.

parahaemolyticus, para; V. alginolyticus, algi; and V. miniicus, mimi).
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4. Ag el ol g whg
V. ichthyoenteri®] 370 %z @FFob 1174 #e] w5 1e)ar 7/ vibriod Adel E7)
g A26004 &3t PKF-3 dAo] s &3 FANE H9F e Table 73 3Foh
FH-8804 55 A3 A8 ¢35 FH7ks HKC @glo] FKC el ®ep 742
o] Al# sl whate] AU RS e BRlom, ¥ul 5 % V. ichthyoentert 3
it Alele] @ vhes f1o9) vibrio 2 FAERT A/ oMo kA
byl e} Bl G55SR V.ooidithyoenteri FE o el M el @A & v
o vhopd AatE 2 o Ao FKC Azl &g AR aAvHE v 5
A26001, A26002, A26004, A26005 A26006, A26008, A26009, A26010, A26012, KF-3,
FH-8804 @ F22 A 1803  A260119F A26013¢ B 1808 fRE 4= 308 Y=
o] ¢ FA A AolE B 4 Ak 1evh FKC @dez ARgg 739 o
Vibrio 4 #litel Wil Az @A b oikE 2% 20 graee] A Wheg UERY

1 V. pelagiusS} V. damselaes= 2'~2° 4230] iz} whe-S RLGith
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Table 6. Agglutinin titers of rabbit anti-V. ichthyoenteri sera against antigens of
isolated strains, reference strains and other vibrios

Antiserum

Antigen A26004 ~ KF3 B
HKC* FKC** HKC FKC
A26001 2" 2" 2! 2"
A26002 2" 2" 2" P
A26004 2" 2" 2" 2
A26005 2" 2" 2" 2!
A26006 2" 2 2’ 2
A26008 2" 2’ 2’ 2"
A26009 2" 2 2 2
A26010 2! 2’ 2t 2’
A26011 2! 2 2 2!
A26012 2’ 2 2’ 2
A26013 2 2° 2° *
F-2 2’ 2 2% 28
KF-3 21] 28 211 210
FH8804 2! 2’ 2 21
V. parahaemolyticus 2° 2° 27 23
V. campellii 2" 2? 2 2
V. anguillarum 2 2’ 2 2
V. mimicus 2° 2? 2’ 2
V. damselae*** 2° 25 2° 24
V. alginolyticus 2’ 2’ 2 2’
V. pelagius 2" 2° 2’ 2

*

, Antigen prepared with heat killed bacterial cells.
Kk

, Antigen prepared with formalin killed cells.

*** - Photobacterivin damselae subsp. damselae.
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5. A8 FF2) 165-23S rRNA intergenic space (IGS) %]

51.1GS B412 98 PCR At
219 ®e) st el V. ichthyoenteri F% itF 9 13%9] the wEelA

DNAEZ B3k & 165 rRNA R 23S rRNA 879 rExQ 97 A ¢S primer
© Algslo] PCRS & 29 Fig. 4 (Table 1] ¥2] i#3)s} Fig. 5 (Table 2¢] ¢
el verlieh 329z el el dee F 702 major band (IG5,
1GS-2, 1GS-3, 1GS-4)2 st o z47be] band sizeis Table 73 3t} x 59
Ro) araboli A260099F A26010¢] IGS1, IGS-3 band (Lane 8, 9)ol 4 <}zke] jo]
Z melon) o= 9s NE #FE5S U3 PCR product pattern vERUSITH
olo] ws) t}E vibriod 12% 3} 1% Acromonas salmonicida FolA Eoly= PCR
product pattern&- Aj3f F Hold o5 I3 band size wol olu)g} band el A s

soalo]E R
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M 001 002 004 005 006 008 009 010 011 012 013 F-2 FH KF-3 MI

-

Fig. 4. Amplification of 165-235 intergenic spacer of the isolated strains

(A26001~A26013) and V. ichthyoenteri reference strains (F-2, FK-3, FH-8804).

’ M 015 019 022 029 037 040 041 042 044 045 F-2

Fig. 5. Amplification of 165-235 intergenic spacer of the isolated V. ichthyoenteri in

2004 (A26015~A26045) and reference strains (F-2).
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Fig. 6. Amplification of 165-23S intergenic spacer of other bacteria specics. M, 100
O

bp ladder; 1, V. aleinolyticus; 2, V. anguillarum; 3, V. carcharine; 4, V. compbellit; 5, V.
¥ gty &

diazotrophicus; 6, V. fluvialis; 7, V. loger; 8, V. mimicus; 9, V. parahaenolyticus; 10, V.

penaeicida; 11, V. vulnificus; 12, Photobacterium damselac subsp. damsclae; 13, Aeromonas

salmonicida.
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o2}

2.1GS9] 471 M 4

-t

Table 7o} el 4 groups®] band & IGS-1, 2 % 3ol sj@shz 2 @59 FFA0E
S A #3le] PCR productsE cloning3} il sequencingd A¥, R A5 2 AE A
= 3R Aee] 1IGSE PRI 4 A9tk =, Group IGS-1& tRNAE 7FA31 1A €
2 IGS gene, Group IGS2 tRNA™™, Group 1G53 % 7]2] tRNA & (RNA™" 0}

tRNAM O codingste 1GS gene o iz &1 5%

£

A260098F A26010 Aejst wE R #EEe IGS1, 2 %W 3 genesd V.
ichthyoenteri 3% w40 F-2, FK-3 % FH-88049} 99.06~100% 2 A A st (Fig. 6, 7,
8).

ololl H3) A260102] IGS-1 gened 379 bpz A th& ®e] ol vla] 25 bprt v
M F20] IGS-13} 83.7% 9] AHE S RSt A26009 straing] 1GS-3 gened RNAMGAD
ob IRNAMUCOs 1z Azl o2 straine] ZL4RTH 9 bp ©] zglow 81.7%

o w4 etel f8H 0% ol swaingl Aol ¥a A

Table 7. Band sizes of 1GSs

Group of band size (bp)

Strain 1GS-1 1GS-2 IGS3  1GS-4*
A26004 354 461 613 750
A26006 354 461 613 750
Isolated A26008 354 461 613 750
Ctraing A26011 354 461 613 750
A26012 354 461 613 750
(n=8) A26013 354 461 613 750
A26009 360 500* 622 750
A26010 379 461 622 750
Reference FK-3 354 461 613 750
strains FH-8804 354 461 613 750
(n=3) F-2 354 461 613 750

*, approximately.
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F-2
FK-3
FH8804
004
006
008
012
013
011

F-2
FK-3
FH8804
004
006
008
012
013
on

F-2
FK-3
FH8804
004
006
008
012
013
011

F-2
FK-3
FHB8804
004
006
008
012
013

GEBETEERTCACOTCOIT T ®S rRNA primer

ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
ATACGATGATTACTCACGATGAGTGTCCACACAGATTGATGGTTTTGAGGTTTTTAACCT
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACACTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACANTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACATTGTTGTTATC
CGAGCTATTATTGCTCTTTAACAATTTGGAAAGCTGACTGATAACAACACTGTTGTTATC

R R R R R R R Rt S R S T S S e S L

AAAAAAAGTTCTCAATGTTTATCTTTAAGATAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTATCTTTAAGATAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTATCTTTATGATAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTATCTTTAAGATAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTACCTTTANGNTAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTACCTTTAAGGTAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTACCTTTAAGGTAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTACCTTTATGGTAAACACCAAAAAACACATTCAAGTGTTCT
AAAAAAAGTTCTCAATGTTTACCTTTAAGGTAAACACCAAAAAACACATTCAAGTGTTCT

R A A T E T S R TR R R R R R R A

TGGCAATATCATCATTTAATGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTAATGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTAATGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTAATGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTA-TGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTA-TGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTA-TGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
TGGCAATATCATCATTTA-TGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT
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011 TGGCAATATCATCATTTAATGATGATTATTCGAAATTGAGTCCGGCAAAATCGAACGTCT 240

S EALTRAANT A AN AR AN SRR AN NNN B R R R R 4

F-2 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 300
FK-3 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 300
FH8804 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 300
004 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 300
006 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 299
008 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 299
012 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 299
013 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 299

011 CTCACTCATAAAATAGAGAGACAACTTGGTTGTTTAACGAAACTCCTTCGGGTTGTATGG 300

S s fe v ol ok ke e

F-2 TTAAGTGACTAAGCGTAC 318
FK-3 TTAAGTGACTAAGCGTAC 318
FH8804 TTAAGTGACTAAGCGTAC 318
004 TTAAGTGACTAAGCGTAC 318
006 TTAAGTGACTAAGCGTAC 317
008 TTAAGTGACTAAGCGTAC 317
012 TTAAGTGACTAAGCGTAC 317
013 TTAAGTGACTAAGCGTAC 317

011 TTAAGTGACTAAGTGTAC 318 4+ R

- TECCAMGGEATEBACCET ¢ 23S rRNA primer

Fig. 6. Alignment of nucleotide sequences of IGS-1 gene. The sequences were
derived from the clone and isolates listed in Table 1. The symbols referred to

absent base (-) and misreading base (N). Nucleotides conserved in all strains *).
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ATACGATGAT TACTCACGAT GAGTGTCCAC ACAGATTGAT ATGTTTATAA AGTTAAGAG 60
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. 7. Nucleotide sequence of ISR-2 gene (strain A26004). Region encoding tRNA

molecules are boxed: tRNA“,

ATACGATGAT TACTCACGAT GAGTGTCCAC ACAGATTGAT AAGTTTATAA AGTTTAAGAG 60
ACGATACTGG GTCTGTAGCT CAGGTGGTTA GAGCGTTCGC CTGATAAGCG AGAGGTCGGT 120
GGTTCGAGTC CACTCAGACC CACCAATTCC CTTCCCAAGE AATTGGCACA CAGTATCGAC 180

G STGGG CTGCCT TGCACGCAGG AGGTCTGLGG 240
COATCC! . 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. 8. Nucleotide sequence of ISR-3 gene (strain A26004). Region encoding tRNA
molecules are boxed; tRNA"CY and tRNAM,
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6. WAl A E2)
6.1. w1z xojel B3 zhol AlE
4% 4~5g9) FAe) AFwAe B FAShL v FAES 2AR

t}. V. ichthyoenteri®]

A26011 &

i=]

pgrom ofma 9% FAE

s wRs A gk e

Table 8. Cumulative mortality of olive flounder, Paralichthys
intraperitoneally with several isolated strains and reference strains

Jup WA walE 98|

Ai}E Table

A26002, A26004 2

742} 107 cfu/ml 2 107 cfu/mie] e Fabek Agatell e HAE A7

C tarda A 8 Eol A= AlZ o}z 69 ol WY 100% s|ARSEA Y

olivaceus  injected

Dead number of tested fish

. Challenge d f hall .
Strains ;2. o ays atter challenge __ Mortality (%)
dose (CFU/ml) 3 4 5 6 14
7
A2e00n 0810 0 0 0 0 0 0
0.8x10° 0 0 0 0 0 0
Aseona 067107 0 0 0 0 0 0
0.6x10" 0 0 0 0 0 0
7
Aseorr 13¥10 0 0 0 0 0 0
1.3x10" 0 0 0 0 0 0
1.6x10° 0 0 0 0 0 0
FK-3
1.6x10" 0 0 0 0 0 0
£ otarda 14710 0 3 5 2 100
1.4x10" 4 6 100
Control PS 0 0 0 0 0 0
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A% 4-5g0 e 2hE o) gd AF & BA At Rl F OAAME S 2AR
A3} Table 99 YeENNSITh  E. farda A3 -foll i Aoy B #HAMEE oW V.
ichthyoenteri©] A& -Fol A= A260119] 5.6x107 cfu/ml g Al ol A Tube]7h #HAL
39S W ohe Al el M wAbE oy Al ekt

A dE F AR Adelel g7 W HETE AshE Table 100 vpepd

A Pk AT F5 107 cfu/mlE Foldh Adoly 7Us el U ArE viaE
o g £AE A A26002, F-2 W L. tarda Aol A Algrel ARl E Ao, o
W E. tardats 769107 cfu/ge] %& HREE AT HY A F TIRE HAAME
) #-akel 149 A}OM 2w sk 19 ARl M o 10°cfu/ge) wEE A

& gfol AR AR A #E & 5 gkl
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Table 9. Cumulative mortality of olive flounder, Paralichthys olivaceus challenged by

oral route with several isolated strains and reference strains

Dead number of tested fish

. Challenge days after challenge e (9
Strains dose (CFU/ml) ) Mortality (%)
6 7 8 9 10 11 12 13 14
0.8x10’ 0 0O O O O O 0 0 0 0
A26002
8.9x10’ 0O 0 0O 0O O 0 0 0 0 0
0.6x107 0 0 0 O O 0 0 0 0 0
A26004
4.0x10’ 0O 0 0 0 0O 0 0 0 o0 0
1.3x10° 0o 0 0O 0O 0 O 0 0 0 0
A26011
5.6x10° 0 0 0 0 1 10
1.6x10° 0 0 0 O 0 0O 0 0 0 0
FK-3
6.6x10’ 0o 0 0 O O 0O 0 0 O 0
F-2 9x10° 0O 0 0O O O 0O 0 0 0 0
1.4x107 0O 0 0 0O 0O 0 0 0 0 0
E. tarda
2.2x10° 0O 1 2 4 0 1 1 0 1 100
Control PS 0 0 0 0 0 0 0 0 0 0
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Table 10. Number of bacteria reisolated from internal organs of the tish challenged

. g - - . - . - . . . .
with 107 cfu/ml of isolated strains and reference strains of Vibrio ichthyoenter

Isolated strains Reference strains
e e e — E. tarda  Control
A26002 A26004 A26011 KF3 F-2
Number of
bacteria 57,10 0 0 0 75x10°  7.6x107 0
(cfu/g)

~1

A Aol A3 brine shrimpe} W] Al7HE At 4=
Mt serle] ®2A1Z] brine shrimp W AlqF 429 W3E AlbE R HA48 Au

+= Table 113} %rth Brine shrimp® 7F A3t debalel] d=] A1zl § 15, 30 2 60%5-7F

N

#AxA)7] F TCBSo| vjtkale w) Adw A getel F4e Ao 7184 e A

o5 VERSE AR TSA9F MA wi Aol A= F A Aol whep Alir b Svbske AL

Al 22]ar brine shrimpE o] #H A 15min¥} 30min §-2o] AL A Z}

A} A
=5 9
A

Algirel A v A e ko g Jebutrh RG] brine shrimp AW Ml S

= TCBS wj Ao AMuh =43 = A3 TSA o MA vf 7o A= swarming bacteria’}

ol 4% 4 ok v e b 9w ore] Al dgede] JA|$E brine
shrimpell = )& 7ol A 2 Ei= swarmming bacteriav} 7 o] Atepxir A28 3

darol kel el colonyE & AJeteic) whebr, HA$ Aito] brine shrimpol A 7

etsbd A8 4 A
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Table 11. Number of bacterial cells in the brine shrimp after immersion with Vibrio

ichthyoenteri suspension

Number of bacteria in brine shrimp

Strains Media (CF U/g brine shrimp )
Time length of immersion

15min 30min 60min

TCBS 1.05x10 1.46x10 8.66x10"

A26002 TSA 7.46x10’ 1.16x10" 2.18x10"
MA 1.1x10" 1.4x10" 1.02x10"

TCBS 1.7x10° 1.41x10% 6.6x10

A26011 TSA 3.24x10" 6.0x10" 3.3x10"
MA 2.76x10" 8.13x10" 3.46x10"

TCBS 1.47x10° 5.3x10° 21310’

KE-3 TSA 2.97x10" 2.7x10" 8.53x10"
MA 2.83x10" 3.15x10" 1.21x10"

TCBS 1.03x10° 6.66x10" 2.67x10

F-2 TSA 1.56x10" 1.46x10" 2.04x10"
MA 1.46x10" 257x10" 1.8x10"

TCBS 1.18x10’ 3.2x10° 8.93x107
c | TSA swarming swarming swarming
ontro bacteria bacteria bacteria
MA swarming swarming swarming

bacteria bacteria bacteria
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8. In vitro’dol el pH 2 pepsin F2d At &3 ¥

In vitro®] UFoFst pH Z A3kl A pepsin®] Mt F24 A Aol ujgk A Aie
Table 12 8 133 @tk Al§lo] A-ga tREe] #57h pH 6ol iz F2ol oA
Wglon], wE 3sh pH 5olatelHE e FAEA RahE sleg uvehhth wie
7AZF & R Are 0.01 g/ml o)) pepsin Fleoll A el Fajo] ofAlHSle
o, 14417 Fo]i pepsin 0.001 g/mlo M5 i Aqre] Faol FeolHor <A
g AS o 4 uh. o189 V.oidithyoenteri= in vitro’de] pH @ pepsin F =

Yat &3 Aol A FAT 5 JERIRG

- 37 -



Table 12. Growth ratc of bacterial strains measured by optical density after 7 h

incubation in various pepsin doses and pH conditions

Pepsin A26 A26 A26 A26 A26 A26 A26 A26 A26 A2 P
dose pH 001 002 004 006 008 009 010 011 012 013 KF-3 F-2
- 43 2** ;1*3(- ‘l** ’1** ]** 13!-* ’i*’* 2** ’l** 1*:(- 2** 2*3(-
5“ 'l:(-* ’1)(-* ‘l:l-:(- l*:(- ‘13(-3(- 13(-* ‘l*ﬂ- 2!(-3(- ‘l** 13(-* 2** 2**
Free

6 g% 8 g G g 3w g 7 g ] 7 13
7 177 20 20 24 15 27 17 16 11 24 13 29
4 2!('# 2** 2*# 23(-* 2** 2*3(- 2:(-)(' 33(-* 2*7(- 2)1-3(- 2** 2*3(-
5 '1:(-:(» 1:(-:(- ]x-:(- 1** ‘l#* 1*:(- ‘l*:(- 2:(-:(- ‘13(-%- 13(-:(- ’1:(-# 1=H-

0.001g/ml
6 8 ’10** 9** 8** 8** ‘[ 2** 8** 8 9 '1 1** 8** 1 3**
7 14 19 21 25 17 20 14 11 6 22 11 28
4 1*:(- ’1:(»* ]x-x- ‘I)(-* 13(-* 1*3(- ’l:(-)l- 2** ]x-x- 1** 2** 1**
5 ‘1** ’1)(-1- 1** 8** 2** 13(-:(- ]>(->(- 2*’(- 1** 1** ‘l:h(- 1*3(-

0.01g/ml
6 7 15  11* 12 17 16~ 7 12 10 13 9 1le*
7 10t 127 17 18° 17 26 10" 15 8'" 13*t 107" 257
4 1%* 1** 1’!-* ’I:H(- ’[** 1#(-* 1)!-)(- 2** 1:(-’(- 1** ‘I’(-* 1*3(-
5 ‘1** l>|->(- ’li(-!(- 1:(-!- 1*3(- 'I*al- ’13(-* 2*:(- l:(-:(- O:(-* 1!(-* 0:&:(-

0.1g/ml
6 o 13%  14% 11 15 28% % 10%  10*  20%  14% 29*
7 15 25 25 14'Y 27 42 15 22 15 28 25 35

*, Control for the effect of pepsin at each pH level.
, Control for the effect of pH level at cach pepsin concentration.

**, Significant difference, P < 0.01 compared with each value (b) at pH 7 at four difterent
pepsin concentration *P<0.05

™', Significant difference, P < 0.01 compared with each value (a) of a pepsin-free at four
different pH levels. +1<0.05.
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Table 13. Growth rate of bacterial strains for 14 hrs

concentrations and pH conditions measured by optical density

incubation in various pepsin

Pepsin A26 A26 A26 A26 A26 A26 A26 A26 A26 A26 i
dose pH 001 002 004 006 008 009 010 011 012 013 KE-3 F-2
- ) 4 1 V’l:l-* ‘l#:(- 13(-* ]*’(- 2:(-:(- ]** 2*3(— - ‘i** 1:(-:(- 2** '1:(-:(-
5 1 15{-1- ‘l#)(- 1:(-# ])HI‘ ‘[>(->(- l:l-:(- '13(-:(- 131-* 1:(-* 2*!(- ‘l**
Free
6 5 107 9% 9 9 16 10 9* 10 13 9 11
7 3 12 14 9 10 15 16 15 4 13 6 10
4 2 PR L S N A A A 1 2% 2
5 1 1 JEL T EE D B L A L 1 11 1
0.001g/ml '
6 2 6 5 4 6 12 6 7 7 10 4%t st
7 9t~ ottt gtt 5Tt gttt g 7 gt o4ttt ottt g 1 4
4 0 1 11 F O L E S L | 2 1
5 0 1 1 6 IO S L S L | 1 1
0.01g/ml
6 4 1** 5 7 17 13% 2% 5 ks GER ] 2
7 9t 2 12 7 5 17 12Y 7t 5 2ttt ottt
4 0 1 1 1 1 1 1 2 1 11 ]
5 0 1 1 1 1 11 1 1 0 1 0
0.1g/ml
6 3 8 9 4 7 29 -1 3 6 8 7 7
7 1300 -1 1 71 14 127 -4 -8 8 -1 0

", Control for the effect of pepsin at each pH level.

", Control for the effect of pH level at each pepsin concentration.

**, Significant difference, I < 0.01 compared with cach value (b) at pH 7 at four different

pepsin concentration.*P<0.05

™, Significant difference, P < 0.01 compared with each value {a) of a pepsin-free at tour
different pH levels.+17<0.05.
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V. 31 &

20027 €) 2004674 F-€) Uekel a5 R oA oy ATE ¥l 2A A

B oolgaze gAAL A B Wk AY Bk oY AR FAAE 59

Vibriod Alite] & wl&-& A8 ohd Frheh FAelm 1 WA 2ol 7]l

t

AymgEg Aoy HAor G e V. ichthyoenetriz) 2ol welr]E 40% o]
del wme e Al Fd NEE Yad it 53] Aelvh obd widde] WAe A V.
ichthyoenetri7} elsl de 4 gelAd AA gom oliro] WA #ojo] Fybetd
oLf vlAolel] BAE Y FE olMsAow Eag v Ak

Bood-po M= vlAdo] Wxol A Helxl V. ichthyoenteri®} A3l eg g a] xjoel A

Bel¥l V. oichthyoenterie] oW vl &8tz 548 vlashy] 98t 5 a7kl Ag)

AE dat, AF gEEdely Bl felvh deks gstet A Ao Bl ye

som 53 Y @RS Azl 4A A% AuEt ge wAdM & gekx aE
WMok SAdol e o 4 Atk Lrel A wEol wE ws Ao vae A7

ol Ajo] wkE FHi= £03% g o]l &=} (Brant et al., 1986; Alsian and Blanch,
1994). B E Al 5+ NaCl 0%9F 4TolAe 834 bk NaCl 05% # 7}
pepton ol A= Auwels {x "o A Feld KF-3 35 Adsta Fx oF
FH8804 oF F-2 5 5= F48k7] @7t kg S5 ahe ubd vjdejdlA &eld
WEES NF Fske A4S ¥ g ey e wEel FK3E vl g 748 A g
7} pepton ol A efstA vl WG ate] bl wpe} wh§AdA)

5 geh B dpol A ol Feld dFES 4R f

Masumura et al., 1989) 75X} W& 7}gdh AR x5 wWejrt
T

ol gl WA o] s fhe] Aeje] vhakgk Atk whelo] g oz AztEth
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o HEE Fee R B5THS o o, ol 2~3%7F V. ichthyoenterie] A o] uj ¥
20 slo g Jelgon olyg 542 oldel At A (Murata, 1987, Masumura
et al,, 1989; Muroga et al, 1987, 1990; Ishimaru et al., 1996)9} < *|3}4c}.

G AMate] 54 F Fagt FEeln WAl Jdd S Fag ovE AR
vko] o3 kg 51 gltd (Ruben et al., 2004; Grisez et al., 1995; Balebona et al., 1998). &
AR = it A260049F FK-38] FKC ahlof thigh 27 gsdiox x 59 A
&t E vibriod At F 21 #F 3 FAUME AR " AE wae] w4l
ol cheksio] wak wkE Aol £ Ao @ JEldrh 1gldE BAEa Alg
FKC 918 7jFex stas u =24 2015 WE 4 Ak 5] &de o
A vk rzel odabajol Qo wm g (Grisez et al, 1995, Ruben et al, 2004),
SDS-PAGEE o] &3] A ¢hala pattern-g ol A}, V. ichithyoenteri vH5 %2
2F 34 ~45KD bandol|A zlol& HoA] o] &2 dhelAde] gkt stEAde]l g Ao
2 48tk oleld 9 A Masumura et al. (1989)0] vhoksh Ao ¥ it
Fwol dAdtHo g wolvh gl AAFE Aot fAReE dd o R AaEo B oAY
ANx AIF el HKC agle] FKC el 2 47HE yelhdlo] &<l Az
o]l Fele] HAe] £ AJEEE vAe How g oy oligh §l4e
Masumura ct al. (1989)e] HKCalgle]l FKC &9 ®Bo S-Fg477F v A ey B
A Aahel zolvh ik oyl zpolHol gglel Az ulel ridsk AlAl B OAH
TR ohekgk ofdlel A FElE AT 3eo] =z Fell disiA HEEE davh A§
Hos Azpgh

W&ol Al 2k el wle V.oichthyoenteri o] 212] vibriod: ZVE& Alg 559 FKC @
HKC &l&- V. ichthyoenterie] &7 &8 2do vpeFst uwzl whg-8 yelhfo] vibrios
Mitgol #% &9 (Chen ef al, 1992)8 7FA3 Ay AL ¢ 4 dgom, o
& Algre] WAl Asto] Fagh ojulvh Qlvkal AT

pd

vibrio

_41_



V. ichthyoenteriz= 4048 o] @ w1z zxjo]7|olvt Aumerzs pubgicy ® 2 ¢ o)
Mz oopdofell A el R Aol WAS sRlelv] f)dke] AaumEgo] dRl 5
dejoll A ek V.ooichthyoenteri 32 4 19 9 AIEE AA &Y dA Ao
ARl A8 4E SRl mE 9 gl sigom, ¥R Ao 3 ge

BA AR

Aol 1o Vooickthyoenterizs #AR7E LpebGEA] eskeh o) g Aate V.

]

i

ichthyoenteri TH57F \d 2 Zojo] WAool glow] & A& fy x FFtos Wl

o [=]

A zpol7h gloke WS HolFEuh Carman (1998)3= gilt head sea breame] W ofoll A
Welyl vibrio AlgFole} stelebie Rl whel W elAo] vhekabAl vhebdthal sl
gk, Pujalte (2003)5 gilthead sea bream, Sparus aurata®] FXHA\AMFE ~Joj7p 2] A

gHe oH W WZel

.‘1.

thekal  sampleo] A Al E2lgh Ay, V.
ichthyoenteri-like qFo] <17 Z/da Aabado]l MAHSA - AN 9lg A& Eulgola
Ruslgot, B oo wlAdolZ R Y- V. ichthyoenteriz= TFSE Q1 S48
Ve syl R Aol A BelE s Bal Bl e 43 Kol V. ichihyoenteriz
S vl e o bl zxdstel A s (1 Aok A ax® flE Aol
A othe 9s 0lF S o Ao Aztadh S8l 24 B4 WAelA of stol

=

A% EAsd WA ER MGl E 93 1A sbs el A/l ¢ow Hel @

aabab Aol dad slow dzigih

WAl ool wlo] ARl brine shrimpE M3t §lEroo] HAgk & AJPWE brine
shrimp Aol M#4-5 H48A2 ul, 42 brine shrimp W ol A= swarming
bacteriaz} §-3 2 o2 iiepytoh ofe]dh Awbe Stephen ot al. (2002)9] A% Aw}e}
alzlastg ek frefuh Al gl ekl Al EdEbedol] 15min, 30min s 60mine] ©HA[ZF H A

& 7F AlglR9) Dbrine shrimpoll A= Al §lefo] brine shrimp Aol A FHestel A&

Blte]
\
!

CA Ao w @A Akl whet brine shrimp Aol A Algto]l FAEhr BEE =

G0 odelh weba o] Aifol brine shrimp Alufoll H-2kalan Fersbel vy AR 2 HH
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7 kglol o] Ene] WAl gl %8 o WAsA Huth
Vibriodr dlatel SR vk Aatabs w@yl Asteta Adabol thekdle} (Diggles of
al, 2000), 48% F4& dsde wANELH FHYe] o]&8T (Osorio and

Toranzo, 2002). “1# 2wl vibrio% A7F2 165 rRNA Fito] w9 FARSHAl vef =

i

165 TRNAC] 917] g Bxvtogs Aol x5 AdatA F43s Aol o
# o} (Krawiec and Riley, 1990). ¥ intergenic space (IGS)2} Eo]e i+ Fvlrk
EREE Exdel @) Ade AR 165235 rRNA IGSE 165 rRNAC) Hls) &
o)z o] oy A8 7pAC} (Barry et al, 1991). IGSy= 7] MGyl ofye} Zol&

el atolE Holumg o] RES o]g3le] s7ke wA Fn FAHel ettt
(Gurtler and Stanisich, 1996). wepxl F8l Holxe] A velbs 165-235 rRNA
intergenic space®] @] A d-S A sk W o] Vibrio £o] Fgol A dow A
ZhEir), Hooolr Axjela] 165235 IGS9]  pattern®  Ho]Holal o}Aztz V.

ichthyoenteri 165-235 1GSe] ¢17] MEL GenBankoll G3xof olx] ekAwk 37§ #}oi

el wER ek 21 uiAle] fE W wete

Yl
i,ﬁ
2
(o]
h

VAL 99.1~100%  (A26009,
A260109)) 5 A 3a}51 ThE vibrio EiiE <70%9] e AEAS YERA I HE
R V. ichthyoenterisl F4% 4= Ak “1¥]al 165235 IGS pattern®] 47 major
bandell F3sle] A= 3719] tRNA FAAE vraujelch. Moon et al. (2004)2 V.
ichthyoenteri®] 1GS¥= tRNA gene ¢liz no typevh-g& Kt Awt, & o <fof] £=

no-tRNA, tRNATMTC -73) 31 (RNA™C Dol (RNAMIYY = codingsls 3 7pa) o]4de

tRNA typeol -3 whalch ole)sh g S48 F1hel g4 o812 ¥k ohe}
Az AE dite]] Eo| primer 712 ABE EH 4= S AR Al7fgich
Boolqrel i o] falel zto]l o] V.o oichthyoenteriol] whEk olwsty E A&

slaceh Zah dskerd @ Aeetd] E4o] Wl fAlshelth vge) fel e FKC

tel)
ot
~io

1o aghglgel atols Kol 27bA] o] EAEty, fA8A A A= 24 €]
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S FEE gela 1974 A @)

1
A

NAE ¥33l+= 165-238 1GS

bl del. c1ela §H S
geneS gt B OAlYH e U4 glARE brine shrimpol A+
L 28 A AVE e How mhudE gl

colonization == Ao.& ‘el Ao ¢
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20020014 20040] @A, $-¢) vheke) WA G Dol Fao] woli= F3
4 Do WAE ugom e Vibok dde wel sHsSHoM 1 Fol

V. ichthyoenetrizto] & ¥1&8 xA|8lal ATk AWrA o2 V. ichthyoenteriz= ‘A

o) Ao)s] gybuerzel glolwow & Leld elow, vlyolo] WolziE RelsY

Boolp vigol oA Bl 11709 el FyueFol HA WA ApojelA
Walsk V. oichthyoenteri 32 F5 3N Wdo s % IrExtel dsietdy 9 Agshy
Ak, gt Pz gk A v g9l abA wke 0 GAE A BAS wiw RAgo R A B

2] GFS V. ichthyoenterisl FA &1, o] E o] ofWst 5248 xALSHACEH
Z

g gow depwch el gEeh da dFe] atAl fx e profileo] Al Ao R
oG AbEtg o) of 34~45 KD band HRolA 3ol E Rk V. ichthyoenterio] &

D ol BF A BA A, FKC BYe] %o @A7E ehllE 2§ s

ol
O
2

it

e moll= mEo]l EASE Aoz ueiyion), HKC #9& T Vibriod S
e g2 ok WS Vel deh

Wooliroa] Byl @t Hx FF2] 165235 rRNA intergenic space (IGS) region$
cloningste] ¢17] M4d& Bt Al Fx e 200 £ FF vhed
A26009¢} A26010% #9138t B FFEELS V. ichthyoenteri 33 3F9F 99.1~100% &
At o V. ichthyoenteriv= 37) o]4re] PCR products® Hoth ol Zzfe s
(RNA types 5418 Axk, no-tRNA, (RNA™ type J1e) 31 (RNAM Do) RNAMIES

% codingshiz 3 7}A] tRNA type-S 8131tk

Ha o Adojoll A Hujg AlE FFER 3 AFE A Ank g Aofvels el
Aol gl Ao FARERIO o] Al F7) bine shrimp Aol -2ete] e

3wy Ao gRE Ap 7 sbsAo] AlAbs At
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23 A e AN MR FEelA W 4% Wi oagaTae Aol H9
GUTH 0B YT @ £83 B FA A BEol ddvldl o] RS 94
sl SIicha st Ao gabel vheg Aghiuh

Aol Al ol A8 ey 71815 vhys] FA wpokA Y W obgot 22 wiEE A

ol A& R FHon opglol vhaA Al vkl Ak wandA ddos TRAL
sk vpwal ehFell e = AR S8l Jfearlan whpsd Fareh AR A s F

b E wad, g wagA ey eh @ ad o wiel s FA AE)
T, At wed, d4V1E wad aean Agel RAueh ARE Wolei vA

g9 2% AANF 2AE wadAE 2o Ak =gy

asvl b Ao AbER Y s HE 4B FAME G4 FolM E
sa qol BolFal o] FoA 945 ofmaler el g
eu] Pulai o] glow wglel sjds) # olva bW, AWEL AN el

wobE AW, BAY, 4Ae, A7 UNY A48l woE gen, BHE, H9E, 4

F8, AEE, olEs FulhEA AR (AEYUDG. 2801F Aol HBHFE g

e Al wHe, HAA, RN W, A2S W 23 45 w4 oprA

ore 97m), WEZAEA AU = el A @ wujs) P AR zm, Awe)
AAVE A FUE, 28, ol ALY, AUAWA ArEgY

We E:Qw #AS oA a i gl HolFA W

T1

ke, sl 2uldl, AR, oA, W wAbd A

dell Sreln dhgrel TS Fohw L dES

S0

g, SR el oM el

Sl el Al #el ol gAY gs g3 R 2 JuR o

‘
"Jlﬂ
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