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Characteristics of non-luminous Vibrio harveyi isolated from

maricultured fishes in Korea

Kyoung-Mi Won

Department of fish pathology, Graduate School,

Pukyong National University

Abstract

An cpizootic causing mortality among maricultured fishes suffering by enteroccle,
abdominal swelling, and enteritis in 1999 at Kyoungsang province, Korea was
found. This causative bacteria was isolated from olive flounder, Paralichthys
olivacens, black rockfish, Sebastes schlegeli, turbot, Scophthalmus maxinus, and the
rearing water.

In this study, we described the isolation and identification of bacterial agent and

investigated the microbiological properties with the mechanisms of pathogenicity.

Achieved results might be summarized as follows:

1. Isolatation and identification of the Vibrio harveyi

The agent bacteria was revealed as Vibrio carchariae, but we notified that V.
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carcharige is taxonomically junior synonym of V. harveyi. All isolates used were
not luminescent, so we called this agent as a non-luminous Vibrio harveyi. On the
basis of the identification key using the biochemical and PCR methods, we
investigated scasonal variation of the V. harveyi in aquaculture system, and found

the increased V. harveyi proportion among Vibrio spp. in august and scptember.

2. Microbiological properties of the Vibrio harveyi

V. harveyi was grown well in the 3 % NaCl at 30 . ECPs were produced well
in 1.5 % NaCl supplementd TSA medium, 25 (', 24 hours culture. The swarming
activity appeared to be an one of the characteristic properties of the V. harvey
was the highest in the 1.5 % NaCl supplemented TSA medium. These cells were
clongated and had the several lateral flagella which is not waved and short than
polar flagella. It was not luminescent in the all isolated strains. Whole cell of the
V. harveyi had a major protein of 50 kDa and presented various band around of
40 kDa in strains. ECPs of the V. harveyi had a major protein of 34 kDa

commonly.

3. Pathogenic mechanisms of the Vibrio harveyi

V. harveyi was very pathogenic in the olive flounder, Paralichthys olivaceus and
black rockfish, Sebastes schlegeli. The LDsy (1 week) for the olive flounder was
1.24x10°~1.36x10° cfu/fish, FR 2 strain was the most virulent. The LDsy (1 week)
for the black rockfish were 3.24x10°~ 5.8x10" cfu/fish, FR 2 and FT 1 strain were
the most virulent. The ECPs of V. harveyi were also virulent for olive flounder,

expecially ECPs of FR 2 strain [LDsy (1 week) were 39.9~57.3 pg/fish] .
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Hydrophobicity, biofilm formation, survival in the fish serum and mucus, and
ECPs activities (hacmolytic activity, cytotoxic activity and siderophore production)

were related with the virulence of V. harveyi.
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extracellular products (ECPs)e] %2of 38k A7t F4lo] wa ok V. harveyi9]
54 a0 #wejME ECPsE dideg 3 od-p ZAupsh won, ECPse] Al 2 s

T oolfol Wiat Welg AlF, ECPse] &4, 885 9 AE =4 T2 AHe Fdtd

bt

V. harveyi®l ECPs7} FTa3 W4 Jdxeo sudg& Ttk (Liu and Lee,
1999; Zhang and Austin, 2000). o}&]dt < F Z3= gram ¥4 Aol ¥ls) gram
SA Al3Fe] ECPs =Alo] X3 vithe AR tha gwtEe =2, V.o harveyi ECPs

b HAl e Mg Kl ECPs sle] e Fa %9 g

>
rl

Aol #Hek A
27 o] Aol @ Ao w AZEC ECPs o2 V. harveyi U4 JAE+
bacteriophage} Ml ®Wel 244 S0l Atk (Munro et al, 2003; Ruangpan et

al., 1999; Soto-Rodriguez et al., 2003).
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al7] 98be] thekdt in vitre R in vivo AHS FH AT
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Table 1. Bacterial strains used in this study

Strains Origin of bacteria

Koungsangbug-Do

FTo1 Kidney of turbot
1999
FE 1 Flounder rearing water
FE 2 Kidney of olive (lounder
FE 3 Flounder rcaring water Koungsangbug-Do
FE 4 Eve of olive flounder 1999
FE 5 Kidney of ohive flounder
FE 6 Spleen of olive flounder
FE 7 Ascitic fluid of olive flounder
Koungsangnam-Do
FE 8 Ascitic fluid of olive flounder
. ) o _ 1999
FF 9 [ntestinal juice of olive flounder
FE 10 Kidney of ohve flounder Busan
FF 11 Liver of olive flounder 1999
Koungsangbug-Do
FR 1 Kidney of black rockfish
1999
FR 2 Kidney of black rockfish
Busan
FR 3 Surface lesion of black rockfish
) ) 1999
FR 4 Black rockfish rearing waler
- Grimes ot al., 1984
ATCC , .
Kidney of brown shark Vo carchariae
35084 .
type strain
Baumann et al.,
ATCC i .
Dead, luminescing amphipod 1980 V0 harveyi
14126

type strain

_‘]O_

Remarks

Isolates

(n=16)

Reference
strains

(n=2)



Fig. 1. The typical signs of fishes infected with Vibrio harveyi. A and B, infected
olive flounder, Paralichthys olivaceus with enterocele and severe enteritis; C and
D, infected black rockfish, Sebastes schlegeli with skin ulcer and hemorrhage
around the mouth; E and F, infected turbot, Scophthalmus maximus with

hemorrhages on the body surface and the base of fin and enteritis.



=4 formalin® 2 143 o} 3,000 rpm, 10 #7te] 4 Rz JgANS AHAS
of pellets AUt o5 Ae] AdsE 23 A%g & Ested &cpol= wepiol
A HFEAYAL HE Al (0.9 % pararosaline acctate salt and 0.3
% pararosaline chloride to ethanol; 3 % tannic acid to water; 1.5 % NaCl to water

=11 ) Asketel 20 B3 A4S § A

2.2. 787(]- %U]%}X—j} SgEH ;47—;(}

A8 WFE 1.5 % NaCl 27k TSBe| 27 ¢, 2 A|ZF #fekgk 3 3,000 rpm, 5 &3+

A4 Bo)ste] AN A As T 2O pellet3 2.5 % glutaraldechyde® 11438l 3
wEATh (3,000 rpm, 5 #). 3 dEhed 10 w9l gridE glo] grid T #AES

=

Baxzl & AZAZ]IAL, 4 % uranyl acetated]] 1 $#-7F negative staindle] F43 #

2} #n) 7 (JEM 1200-1, JEOL)o 2 m @3y}

3. AststA A4 A9

Z 16 7o By dF EFE 724 dAog i 1.5 % NaCl 7 TSA
(Tryptic Soy Agar, Difco)oll Al 27 T, 24 AJZF wj<Fsgt 7+ o] &3] Azety A4
Al AA s A3ks A1F g2 Oxidase test (Cytochrome oxidase), Citrate
o]-8% (Simmon’s citrate agar), Nitrate 3t9l°5, Kovac’s indole test, Methyl red test
9 Voges-Proskauer test (Clark and Lubs medium)e} ©3}E Fal) Al @O 2 A

Arabinose, Glucose, Sorbitol, Raffinose, Sucrose, Salicin, Lactose, Inositol, maltose,

_12_.



Mannose, Mannitol, Melibiose %9 o ®&%3 2A89Y. 18] Lysinedt

Ornithineol] t] 3+ Decarboxylase A @3} Arginined] th$t Dehydrolase A} 3-& A A} 3}

it

o™ Urcas Al @3 TCBS ¥ SS ujx|oll A 2] colony 4743 #zsTh BE A

il

o]z 2] A2k MacFaddin (2000)9) -8 upsghch

4. 16S ribosomal RNA (16S rRNA) F A A v &4

4.1, At 2] genomic DNA ¢l

2% 5] genomic DNAYE DNAzol (GibcoBRL)S ©]-&3te #2]atdct. 5 me e
15 % NaCl #7} TSBe| z}z}e] @52 HZE& 27 €, 12 Az sk 3, 5,000
rpm, 5 W7F 914 Belsled pellets #H3lar o] TE buffer (10 mM Tris-HCI, 1
mM EDTA, pH 7.6)o 2 3 Ax3gh. of7jel 1 mee] DNAzol& %i1 wpfg *
g0l 10,000 rpmo 2 10 3+ A4 Eelste] dEd JodES AASAH BA
MwkS 35k 100 % cthanolg #7}8te] genomic DNAE Az & 95 %
cthanol2 23] 4% & thg AF AZAZATH o]AS TE buffero] S 5 T3

% Aspzoems DNAWS ZA30 HEF F=7F 50 ng/pie] 5= Fulstg o

4.2. 165 rRNA2] cloning

4.2.1. Primere] 417

The National Center for Biotechnology Information (NCBIollA A3 =)= BLAST
program®. & o]v] B8z i V. carchariage ATCC 35084} V. harveyi ATCC 14126
o] 165 rRNA2] &% oA primer SQ 18 AA3}3, primer SQ 12 PCRE ¥
subcloning S )&l primer SQ 28 Ao ©|F FA FF A3t (Bioneer,
Korea) cloningell A}-43tc}. olo A& E primere] 7] @ o TF e

#17]2 Table 2] vtebi it

_18_



lable 2. Primers used in this study

PCR
Primer sets Target Orient Oligo sequence pro.duct
gene size
{bp)
SQ 1 16S rRNA Sense o' —gtttgatcatggetcagatt—3' 1,350
Antisense d'—ttactagegattecgactte—3'
SQ 2 Sense O'=cattatttgacgttagegac—3' 570
Antisense H'-tggagttccacccgaagtg—3'
Discrimination 1 165 rRNA Sense  5'-cattattigacgitagegac—3 650
Antisense 5'-tggagttcecgacattacte—3'
Discrimination 2 Sense H'-cattatttgacgttagcgac—3' 680
Antisense H'-tggagttcccaccegaagtg-3'
Lux 405  Luciferase Sense  5'-gatgaaagaaggetcaatg-3 405
Antisense 5'-ccttttgtttggtcagagte—3
Lux A Sense S'-ctactggatcaaatgtcaaaaggacg-3' 745

Antisense 5'~tcagaaccgtttgeticaaaacc—3'

422 PCRof| A+&% Alekxd} PCR 43

PCRE& templete DNA 50 ng# Z}7+e] primer 10 pmol®-2 #713}e] rTaq

(TaKaRa) polymerase® A]3&go.m, PCR 432 94 €, 30 % %<t denaturation,

55 , 30 % %<t annealing %, 72 C, 45 * &<} extentiondl+= AL 30 cycles

ubE-3la] Thermal cycler (Perkin-Elmer)Z 3l$t} 0.8 % agarose gel-& 0.01 % EtBr
=

(1 mg/m)E Gtz 100 Vol 3087 A7)9 53 F UV transilluminator ol A

)5t n PCR 23] sgshe P72 875 gele] 275 =50,
423, Geloj A PCR 2ME-9] &

_14v



Prep-A-Gene DNA purification system (BM)S AF-&-3}¢] agarose gel’dellA] 2] PCR

s AAls A

42.4. PCR 4}H=9] cloning

pGEM T-easy vector (Promega)E cloning vector2 A}g3le] Ty ligase® PCR
products®} vectors AZAA|A A 2% plasmid DNAE Fvldtth o]& -80 Col
Ao BE 40 pie]l competent cell (Escherichia coli, M 109)e] 1 pee] 22§
plasmid DNAE #7}8F 3 heat shock method& ©] &3} transformationA} 7t} o
71l 1 w2 LB brothZ H7}abed 37 TollA 1 AlZF vt & Ampicillin (50 g/
w¢), X-gal  (5-Bromo-4-chloro-3-indolyl-f-D-galactoside, 20 jpg/m¢) 2 IPTG
(Isopropylthio-B-D-galactopyranoside, 20 ug/m¢)7}F *Zgt® LB agar (1 % Bacto
tryptone, 0.5 % Bacto yeast extract, 1 % NaCl, 1.5 % Agar) v x]oll njksls] =z

$r¥l white colony & A¥H3} A}

425 A x3E plasmid DNAS] F%37} inserted DNA <]

w
)
i)

Ampicilline} ¥ LBo| &3 HEE u]ddla] alkaline lysistj o= plasmid
DNAE FZ34t. &, HAEEs 383} lysis buffer ({50 mM glucose, 25 mM
Tris-HCI (pH 8.0), 10 mM EDTA, 5 mg/m¢ lysozyme] & 200 u¢ #7}3}31 alkaline
lysis &9 (02 N NaOH, 1 % SDS)& 400 w #H7lated whgA7l & 75 M
ammonium acetate (pH 7.6)% 300 ¢ 73 -8, A4 12,000 rpm o2 10&
A4 Ao AR S-S Beldte] isopropanole] o] 0.5 w7} H A 3 7hsho
ARG HHAZ] F 4 CollA ¥4 Bl (12,000 rpm, 10 #7H o 24 DNA pellet

= 70 % ethanolg 2 3] A Z3ta AF HWZEAZI 3 RNase (5 mg/ml)

[o

2

R <4
_\1

i
_)ﬁ_v‘

st Aol AFE3IE T 100 nge] A 2gH plasmid DNAE 1 unite] EcoR

A‘IS_



[ o8 A3t & inserted DNA2] =715 0.8 % agarose gel oA A7) &3

ol
on
2

solahart

4.2.6. DNA sequencing 2 7] A &2] »vju 4

Plasmid DNAE &3 ¥ Sanger et al. (1977)¢] W] utg} automatic
sequencer (ABI 377, USA)E sequencingS 4 Al 8 H T

5 v wde =3 restriction enzyme siteZ 2] &4 Genetyx
program-3- AF889 0., NCBIo| A A &5+ BLAST program©. & oju] 9taix] )

= HZ=E09] 165 rRNAS} vlw BEA 5.

5. PCR 4"

e, A oR e fFAstd Al ol HA e Vibrio 3 F (V. harveyi,
V. alginolyticus 2 V. parahaemolyticus)S +E3t71 218 PCR HH-& 7)wstr] 9
sted, olu] WA Qe V. carchariae ATCC 350849} V. harveyi ATCC 141269 16S
rRNA F A=} vjgoll A primer sets (discrimination 1 and discrimination 2, Table 2)

=2 AAsle, A8 #F9 vk FF w75 Vibrio strainso A E2]3 DNAE

q

templet® PCRS F3sHg o, PCRo| Al&H #FZE FF+ Table 3o Jel A}
PCR& anncaling 2% 60 C, 30 cyclesZ, Perfect PreMix ver. 2.0 (Takara)& A}-&
ate] F=aialdo) Blal Ao AFE3 isolate A, B, C, D, ¥ Ev& & AFAAAM &
2)&ted, 165 rRNA 7] Mg BA8 58 24z V. alginolyticuse} V. parahaemolyticus

2 gl g Eolth (Table 3).

416_



Table 3. Reference strains used in discrimination

PCR

Species

Strain

Origin

V. algmolyvticus

V. parahaemolvticus

ATCC 17749
KCTC 2928
Isolate A
Isolate I3
[solate C
ATCC 33844
ATCC 17802
[solate D

Isolate E

Shrimp, 2001
Mullet, 2001

Red seabream, 2001

Water, 2001

6. At a5 F o V. harveyi

6.1. A& 53

=

Miles and Misra (1938)¢] &3} uj

15 % NaCl %7} TSA wjA|oll 25 pwi#) 3 W&&
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T glal
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g%, 27 0, 24 A siEte] geEks Alskdth el S48 TCBS iAo &
4% yellow &2 green colony & Vibrio & Myt o.8 od3dle] A4t T 2

N Holl A gk et Algee) kS Helksvk V.o hareeyi tE S487] 9

A= TCBS2) 77 & #HatolA 1 drop % M&&le], o] 2 dropsdll ¥ RE
A2 (50~100 colonies)S 77F Z@ Aoz ¥elste] 1.5 % NaCl 7} TSAl sjok

Stk ols wokE #EE Gram 94, £543 Oxidase ABE F3) Vibrio 9]

S A&lst &, ALO (Arginine dehydrolase, Lysine and Ornithine decarboxylase
test) A FellAM -/+/+2] AiE Holy dFES WA oS A 44

Aol oldl V. harveyiz 1 % SHS T, V. haroeyi PCR EH Mol )

N

Distrimination 2 primer setE o] &3t PCR3 3, FZ AEo] &Q1H AL V.

harveyi 2 3+ 3} o}
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Lwe) #5e) ddety 57
B Algst By 43 @ AEX dHe BT 1wk Gram 24 7Hro|gia, AA

FF 8 FF 10, FR 1, FR 2 Z12]3 FT 1& Gram dMate] w23 FH 2] 2ol 7}zt
1.46 014 ~ 256 + 0.9 m¥c}.
Al HFES st B8 A Ay dA fejPo s BEd 43, BT shue

HEE 7FA A AQew, dr el Zoli= Hit 7.04+1.43 melArt (Fig. 2).

(@) (b)

YR

B3-273 1)
2234 W0 L X dia

Fig. 2. Morphological properties of the isolates, FF 8. (a) flagella staining (x2,000);

(b) negative staining in TEM.
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Table 4. Characteristics of the isolated and the reference strains

Isolates Reference strains
ltem Flounderl Flounder?Z Rockfishl Rockfish2 Turbot ATCC ATCC
(n=7) (n=4) (n=2) (n=2) (n=1) 35084 14126
Motility + + + + + + +
Swarming + + + + + + "
LLuminescence - - - - - - +
Oxidase + + + + + + +
Catalase + + + + + + +
OF F K J F F F I
TSIA A/A K/A A/A K/A NA A/A A/A
INVIC Ay S B B R I e N N e S I Y e S R e e A
Nitrate + + + + + + +
ALO R Y L o S T s
Acud from
Arabinose - - - - _ _ _
Adonitol - - - - - - -
Cellobose + + + + + + +
Dulcitol - - - - - - -
Fructose + + + + + + +
Galactose + + + + + + +
Glucose + + + + + + +
[nositol - -~ - - - - -
Lactose - - - - - - -
Maltose + + + + + + +
Mannitol + + + + + + +
Mannose + + + + + + +
Melibiose + + + + + + +
Raffinose - - - - - - -
Rhamnose - - - - - - -
Salicin + + + + + + +
Sorbitol + +(3) - - + - -
Sucrose + - + _ 4 + +
Trehalose + + + + + " .
Xylose - - - - - - -
ONPG + + + + + + +
Urea + + + + + + +
Starch + + + + + + +
Gelatin +% +° +" +" +* +" +
SS/TCBS +/Y +/ G +/Y +/ G +/Y +/Y +/Y
( ), responsed strain number; ALO, Arginine/Lysine/ Ornithine; IMVIiC,

Indole/ MR/ VP/Simmon'’s citrate; (Y), yellow colony; (G), green colony.

._22_



4. ¥ 52 16S rRNA FAA A ¥4
2y) 735 165 tRNAZ 24317] 918te], primer SQ 13 SQ 25 o] §3te) o
2 PCR & dAlG ol F, cloningste] ¢17] wid& Wrglon (Fig. 3), ¢ v
B Ao ALE-Fl R ;3= FF 8 FF 10, FR 1, FR 2 “re]at FT 1o]dch. #4

fex]
(8]

7] wjg& GeneBankol] $Ex0] 20t ATCC 35084 2 ATCC 141262] 16S rRNAS}

Blasldeh 1 Ay, ¥e #HFEe BE iFF ATCC 141263 99.1 %, ATCC 35084
9hr= 999 %o AE A S Jelon, 53] 1,130 bp te] 8 Jf A7) wpHelA 2t
o7} vhetukeh (Fig. 3, box). Fig. 4w 2] i52] 165 rRNA 17] sj B} Vibrio &
e AE4E el Aolg. By = V.o carchariae R V. trachuris} A%
ubAlst o g 7t vi7be Ao YErwth V. trachuriv: Thompson et al. (2002)9)

elall V. harveyi®] junior synonymo g ¥l& 7 Folt}
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Isolate FF8:
ATCC 35084
ATCC 14126

1

61

121

181

241

301

361

421

479

537

597

657

n7

717

primer SQ 1 -—

gtttgatcatggctcagattgaacgctggeggecaggcctaacacatgcaagtcgagegga
gtttgatcatggctcagattgaacgctggecggcaggec taacacatgcaagtcgagegga
gtttgatcatggctcagattgaacgctggecggcaggcec taacacatgcaagtcgagegga

aacgagttatctgaaccttcggggaacgataatggcgtcgageggeggacgggtgagtaa
aacgagttatctgaaccttcggggaacgataacggcgtcgageggceggacgggtgagtaa
aacgagttatntgaaccttcggggaacgataacggcgtcgageggeggacgggtgagtaa

tgcctaggaaat tgccctgatgtgggggataaccat tggaaacgatggctaatacegeat
tgcctaggaaattgccctgatgtgggggataaccat tggaaacgatggctaataccgeat
tgcctaggaaat tgeccctgatgtgggggataaccat tggaaacgatggctaataccgeat

aatacctacgggtcaaagagggggacc ttcgggcctetegegtcaggatatgectaggty
aatacctacgggtcaaagagggggaccttcgggectetcgegtcaggatatgectaggtg
aatacctacgggtcaaagagggggaccttcgggectctegegtcaggatatgectaggty

ggattagctagttggtgaggtaatggce tcaccaaggcgacgatccctagectggtctgaga
ggattagctagttggtgaggtaatgge tcaccaaggcgacgatccctagetggtctgaga
ggattagctagttggtgaggtaatggc tcaccaaggcgacgatccctagetggtctgaga

ggatgatcagccacactggaactgagacacggtccagac tcctacgggaggeagcagtgg
ggatgatcagccacactggaactgagacacggtccagac tcctacgggaggcagcagtyg
ggatgatcagccacactggaactgagacacggtccagac tcctacgggaggcagcagtgg

ggaatattgcacaatgggcgcaagectgatgcagecatgecgegtgtgtgaagaangect
ggaatattgcacaatgggcgcaagec tgatgcagecatgecgegtgtgtgaagaaggect
ggaatattgcacaatgggcgcaagectgatgcagccatgecgegtgtgtgaagaaggcect

tcgggttgtaaagcactttcagtcgtgaggaaggtagtggagttaatagctgecattattt
tcgggttgtaaagcactttcagtcgtgaggaaggtagtgtagt taatagctgeattattt
tcgggttgtaaagcactttcagtcgtgaggaaggtagtgtagttaatagctgcattattit

primer SQ 2 —

gacgttagcgacagaagaagenccggce taactccgtgecagecagecgeggtaatacggag
gacgt tagcgacagaagaagcaccggce taactecgtgccageagecgeggtaatacggag
gacgt tagcgacagaagaagcaccgge taactccgtgccagecagecgeggtaatacggag

ggtgcgagegttaatcggaat tac tgggcgtaaagegeatgcaggtyggtttgttaagtea
ggtgcgagegttaatcggaat tac tgggegtaaagcgeatgcaggtyggtttgt taagteca
ggtgcgagcgttaatcggaat tactgggegtaaagcgcatgcaggtggtttgttaactca

gatgtgaaagcccgggge tcaacc tcggaatageat t tgaaactggecagac tagagtact
gatgtgaaagcccgggge tcaacc tcggaatageat t tgaaactggcagac tagagtact
gatgtgaaagcccgggge tcaacc tcggaatageat t tgaaac tggcagac tagagtact

gtagaggggggtagaatt tcaggtgtagcggtgaaatgcgtagagatctgaaggaatacc
gtagaggggggtagaatttcaggtgtagcggtgaaatgcgtagagatctgaaggaatacc
gtagaggggdgtagaatttcaggtgtagcggtgaaatgcgtagagatctgaaggaatacc

ggtggcgaaggcgaccccctggacagatactgacac tcagatgcgaaagegtggggagca
ggtggcgaaggcggccccctggacagatac tgacac tcagatgcgaaagegtggggagea
ggtggcgaaggcggccccctggacagatac tgacac tcagatgcgaaagegtggggagcea

aacaggattagataccctggtagtccacgccgtaaacgatgtctact tggaggt tgtgge
aacaggat tagataccctggtagtccacgccgtaaacgatgtctacttggaggt tgtgge
aacaggattagataccctggtagtccacgccgtaaacgatgtctacttggaggt tgtgge
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837

897

957

1017

1077

1137

1197

1257

1317

cttgagccgtggctttcggagetaacgegt taagtagaccgectggggagtacggtegea
cttgagccgtggetttcggagetaacgegt taagtagaccgectggggagtacggtcgea
cttgagccgtggetttcggagetaacgegt taagtagaccgectggggagtacggtegea

agattaaaactcaaatgaattgacgggggcccgcacaagcggtggagcatgtggtttaat
agattaaaactcaaatgaattgacgggggnccgcacaagcggtggagcatgtggtttaat
agattaaaactcaaatgaattgacgggggnccgcacaagcggtggagcatgtggtitaat

tcgatgcaacgcgaagaaccttacctactettgacatccagagaactttccagagatgga
tcgatgcaacgcgaagaaccttacctactcttgacatccagagaactttccagagatgga
tcgatgcaacgcgaagaaccttacctactcttgacatccagagaactttccagagatgga

ttggtgccttecgggaactctgagacaggtgctgcatggctgtegtcagetegtgtigtga
ttggtgcet tcgggaactctgagacaggtgctgcatggetgtegtcagetegtgtigtyga
ttggtgcnttcgggaac tctgagacaggtgcetgcatggetgtegtecagetegtgttgtga

primer SQ 2 «

aatgttgggttaagtcccgecaacgagegecaacccttatecttgtttgccageactteg-g
aatgttgggttaagtcccgcaacgagegeaaccecttatecttgtttgecagcacttcg-g
aatgttgggttaagtcccgcaacgagcgcaacccttatecttgtttgccagecgagtaatg

gtgggaactccagggagac tgccggtgataaaccggaggaaggtggggacgacgtcaagt
gtgggaac tccagggagac tgccggtgataaaccggaggaaggtggggacgacgtcaagt
tcgggaac tccagggagac tgccggtgataaaccggaggaagdgtggggacgacgtcaagt

catcatggcccttacgagtaggge tacacacgtgctacaatggcgcatacagagggceggce
catcatggccct tacgagtagggce tacacacgtgctacaatggcgcatacagagggenge
catcatggcccttacgagtagggce tacacacgtgetacaatggcegcatacagagggcage

caacttgcgagagtgagcgaatcccaaaaagtgegtecgtagtcecggatcggagtectgecaa
caacttgcgagagtgagcgaatcccaaaaagtgegtegtagtecggatcggagtetgeaa
caacttgcgagagtgagcgaatcccaaaaagtgecgtcgtagtccggatcggagtetgeaa

primer SQ 1 «—
ctcgactccgtgaagtcggaatcgectagtaa 1349
ctcgacteccgtgaagtecggaategctagtaa
ctcgactccgtgaagtcggaatcgctagtaa

Fig. 3. Multiple alignment of the 165 rRNA nucleotide sequences.

*
’

different

nucleotide; shadow region, position of PCR primers;

particularly different site.
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V . alginolyticus

V . pelagius

V .natriegens

V . parahaemolyticus
V. com pbellii

V . harveyi

FF8

V .carchariae

V .trachurt

V. .m y tili

V .proteclyticus

V .nereis

V . nigripulchritudo
V .fluvialis

V .furnissii

V.rumoence
V splendidus
V .tapetis
V.mediterranei

V .orientalis

_[——V.anguillarum
V .ordalii

V.aestuarianus

V .ichthyoenteri

r—V.choIerae

L V.mimicus
V .navarrensis
V .vuinificus

V .diazotrophicus

—EiLVAcincinnaliensw

V.metschnikovii

V.gazogenes

m V fischeri

rV logei

V.salmonicida

V.damsela

' V . hollisae

V .iliopiscarius

V .costicola

V. .marinus

0.01
Fig. 4. Phylogenic tree formed based on 165 rRNA sequences.

FE8, isolated bacterium in this study.
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5. V. harveyi A}
51. AspetA F+ key

V. harveyi Z2 V. carchariae®} 3}stz EAlo] {Falslo
Y

e 'r -1 ] E_é—_%‘_} V.
alginolyticus 2 V. parghacmolyticusE 8 3k= o] &/ keys 2433l Fig. 59
ettt o] 23y 2 Ad7Y A3t o]FH A4 (Qustin and Austin, 1999;

Bryant ct al, 1986)2] A5 FAste], dF7kell AYstetd o) war 4L g5
& WEeR Adssen, 5

53] oldel A At FolM= 1091 A Vibrio 55

’

S &2 7|3 Bryant et al. (1986)¢] By E FHHow
sl ot
TCIS
Y G
VP [.-arabinose / ONPG
+ - —-/+ + /-

V. alginolyvticus V. harveyi V. harveyi V. parahaemolvticus

Fig. 5. Rapid identification key for swarming Vibrio spp.

ONPG, o-nitrophenyl-p-D-galactopyranoside.
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52. PCR 44|

el HEES FYe Wrh A&sky YsaA 5@ nd s PCR 4o

A& Fig. 60 YN Th Discrimination 18 primer2 Ap8-3 A}, V. harveyi

strainsg A 2)gt RE #FAA] wHE3E band= dAdedom  (Fig.  6a),
Discrimination 25 primer2 A}-£3}¢ PCRE =83k A3}, V. harveyi strains (Lane

5-11)l 4%t bandS & AT (Fig. 6b).

12345678910111213141516.\4

Fig. 6. PCR amplification from nucleic acids of isolates and reference strains with
Vibrio harveyi specific primer sets Discrimination 1 (a) and Discrimination 2 (b).
Lane 1, V. alginolyticus ATCC 17749; Lane 2, V. alginolyticus KCTC 2928; Lane
3, V. parahaemolyticus ATCC 33844; Lane 4, V. parahaemolyticus ATCC 17802;
Lane 5, V. harveyi ATCC 14126; Lane 6, V. carchariae ATCC 35084; Lane 7,
isolate FF 8; Lane 8, isolate FF 10; Lane 9, isolate FR 1; Lane 10, isolate FR 2;
Lane 11, isolate FT 1; Lane 12, isolate A; Lane 13, isolate B; Lane 14, isolate C;

Lane 15, isolate D; Lane 16, isolate E; M, 100 bp ladder marker.
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6. A% 4 59 V. harveyi ¥ X

b Bea) v Aol FAF A9k B 9T 2 ARFE AFSke] Vibriool
3 V. harveyio] 2@ WES HERR AT (Table 5). Abg5 & V. haroeyio} E3E=
YR T3 AFS dehlAe @stou, a2l 8ent 9ol AR el A
V. harveyiz} x5 wlgo] A A AolA 2173 196 %, B kAol A 2429}

277 %= BAEA Zrbehe Aow Uehdoh

Table 5. Percentage of the Vibrio harveyi to Vibro spp. in the supplied and rearing

sea water from olive flounder, Paralichthys olivaceus culturing farms

Percentage of V. harvevi to Vibrio spp. (%)

Farm
May June July Aug Sept Oct
A-S 10.7 2.4 16.7 9 3.7 3.5
A-R 10 4.7 9.3 21.7 19.6 9.5
B-5 4.8 10 10 8.3 13 6.5
B-R 3.7 4.3 9.1 24.2 27.7 13.3
Water Temp. (T) 14.6 20.0 15.6 24.9 22.8 17.6

A, farm A; B, farm B; S, supplied seawate;, R, rearing sea water.
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=
3
g

veYl E : o E LR =R e = = &
V. harveyi t9lel SAHQ 4 23, By vk 3 38, 39 3E g 7 &

:R
olN
=2
)
&\4
r
H
o
>
A
do
Pad
>
ol
ok
e
hul
=
(:‘,

So07, old A-fxEo| V. carcharige 7} =
al. (1997)& grouper, Epinephelus coioides?®] 739 7tdoli= Fo] 3l =t oz

ol

)

o] EAZHQ FAolgta dlon, Soffientino et al. (1999)2 summer

L

flounder, Paralichthys dentatuso) A 7Foje] F Fde] EX afqr, & w3, H

q- 284 4 4E Solu A4 FSelt B4 ol Yojdrku ek
2 ogyely Relg mre) 44 54 4R Hw wA Fo)N swarming &

Fold, swarming *%§& SH 02 3= Vibrio sp.ol= V. harveyi, V. carchariae, V.

alginolyticus R V. parahaemolyticus7} 101} o] & & AloloAl= A3lEA A4 Ho

N

AN dR & BEs Aol vlFer 4 T Aol 7MEstAT (Alsina and Blanch,
1994). 1k, V. harveyi®} V. carchariges= %3482 A Abo] 158 groupl & H 11 E
31 (Grimes et al., 1993), Alsina and Blanch (1994) %A} 2 £& Agstaog =
TEEA Falgr). =8 o]S9] 165 rRNA 7] AdS 83l dpoa] Aol FALS
d3E Mol o5 ol s WHS PR A UAee wuAd
(Kita-Tsukamoto et al, 1993; Ruimy et al, 1994). FHI7t#], o]fF & A-FFlA

Aot Vibrio sp.oll 213k A® o] A7 S V. harveyi &2 V. carchariae & )= 3}

i

+

U2 Jeplia sdlo, ol 2 £5 e WEE parameterE 32 RS
o]2) 8t =2 Pedersen et al. (1998)0] o] E £9] ribotypeS FAE A}, oj-¢ &
AreS vtE V. carchariaeE V. harveyi®] junior synonym©.2 A 3glel) uizl Aot
HAd 183y, V. carchariges= 2 o]FolA AW S Ao V. harveyic= N$F

2 W2 $AF SR F PeHt oz Hol, oWsy @HAA ol
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EFY BAS QG Bao] 9= Aoz A7En. ¥yl olugl luminescence
ARl V. harveyi®} non-luminescence V. harveyi (742 V. carchariae)= v 4 3-8}
VM= dZs] b FHEY RdES Vg duE A gely 2ol
Ae owdd A dFet M2 ge dds Ad 2 A9 Vo eyl FE G F
(ATCC 35084 and ATCC 14126)5 #<drlo}, -1 548 wlu HESYT Rowe
dre v GAZA SR ATCC 35084+ V. carchariae2, ATCC 14126 V. harveyig}

EoohEe AHBSlD AYonE B AdE F2E A9H V. harveyiz $de

oAl A Fe] el 165 rRNA 947 wjEe 2413 Ax, V. harveyi ATCC
14126 strain#}= 99.1 %, V. harveyi ATCC 35084 strain (V. carcharige type strain)a}

= 999 %9 AE S Ko, V. carchariae type?l Ao 2 JEelgon, olgjd A

11

165 IRNA 2398 A552 Yehae o o 988 =edt AS5oy & 2

g It T

Fﬂi

Aoz vepd V. trachuriv= Thompson et al. (2002)¢] <]sf V.
harveyi®] junior synonymo g 8}& 7 Fo|t}.

A8 K V. harveyix= luminous marine bacteriaZ 4] 19363 Johnson and Shunko)]
osf AFoz HuE ueli=  Achromobacter harveyi® REFHAD, 1973 =
Beneckea harveyi (Reichelt and Baumann, 1973) 22 Lucibacterium harveyi (Hendrie

et al, 1970)c.2 W =10 v, 1980 Baumann et al.o] 93 V. harveyiz =&

HE 3, 19810 24 wWg oz AWttt (Baumann et al, 1981). V. harveyi=
W st Adel HASY 4 HF: FE P EHE 559 A AdFEF Iy

24 (Ruby and Morin, 1979), dwtHo g ojfu} HF FEe HAAol Qo)

L

shellfishol M= ik #HALS of7]dle Ao e delx grt (Karunasager et al, 1994;
Liu et al., 1996; Pass et al., 1987).

ole) W3] V. carcharine= 19823 ¥ A}8+ brown shark, Carcharhinus plumbeusol A}
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Fulgo] (Grimes et al, 1984b), 1985130l P2 o g <lAwre. olF (Grimes et
al., 1985), lemon shark, Negraprion breviostris (Colwell and Grimes, 1984) o] 2] o=
HohE Byl glelon 1990 o] HolEWA grouper, Epinephelus coioides (Leong
and Wong, 1993; Yii et al., 1997), 71}, Sciaenops ocellatus (Liu et al,, 2003), =],
Paralichthys dentatus (Soffientino et al, 1999) %¢] tjeksd o] £ dF HAE &
el Mo ® Rusn Aok 53] FHtods e viekel 14 vt F= "
o Hof A o] ubw ly|y} W ars]oy (Liu et al, 2003; Nishimori et al., 1998), $-2] i}
gl M V. harveyio] 3 R FX dAgo] ujgt A Alggh A A o)t

A 7ige] dAF o sk,

Vibrio % Wel Aol $4e mma vtz e Aolojy 7@ FHMol gl Aol

V. harveyi®] #38 Hets e A& - ZHE

o

t}. t}ad3] Alsina and Blanch (1994)¢] Arginine/Lysine/Ornithine& ©] 83 B &
7|&& o]l &3}, V. harveyi group (V. harveyi, V. carchariae, V. alginolyticus % V
parahaemolyticus)©. 2 2] FH-& vl A HA o|Fo] XAk, ol & groupol] %3+ Mt
gol pRol AR W RaEe ArAEey B3 el tarde] AN ol
REE fANHORE W RAFSI] B 4ESH A% A9 wd PE 4ol
oot 2 Aol E ol group WY o] Thed Ald FEE Asr] fs,
o5 A M3} A AFE (Austin and Austin, 1999; Bryant et al., 1986)%}
oAy Ad9E AAESY, dAy w5 @mE Zolrzk A9 fle VP
L-arabinose @ ONPGE ## key® A ASAT V. harveyiol V. alginolyticus] &
of §8&3% VP testy= ¥4 whEo] vi&o] M= 0 %, FA+= 89 % Hi HJL
9, V. harveyi®} V. parahaemolyticus®] %o &3t L-arabinose®} ONPGe] 44
9k Bl go] A A= A 03 83 %, Fae A= A7 703 8 %2 Ky
s}lt} (Bryant et al., 1986). o]} o] B At A AAlg AFsHH Tk keyE Al

8 Ae, ¥ gddel & #FE AdTd AR dFME Yol & F
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4 5740 b5 Aoz saEd,

r

Vibrio sp.2] #57ol fF13h4 WS o] &3k At 16S rRNA f3d2ke} 165235
rRNA intergenic spacers 322l 5o] primerE o] 83 PCRY (Macda et al,
2000; Maeda ct al., 2003), ribonuclease P RNA<Q] x5 FAH3te] FH3= W
(Maeda et al, 2001) 5 @& Hurt gk 18y, ol A4Ex V. harveyi, V.
carchariae, V. alginolyticus 2 V. parahaemolyticus®] 7383 g Aol U5 Fof,
Holl oj)go] Bormg TY groupel] FHabe Aoz HAEAUTh ofd B A-ftelA
= o]lE group? FRE 7HEsHAl Sl primers 37 93t olE 4 F9f 165
rRNA 7] &S NCBIo|A # 25 E BLAST program®. @ ulil R A3}a], 2to]at
HEBA 5 7] primer setsE A 2EHtt o] F 3 7R primer setse 4 FolAM B
T ouvehd vy, B Ao AR23F Discrimination 18 V. alginolyticuse} V.
parahaemolyticus9+S 5o] & o g, Discrimination 2+ V. harveyi®} V. carchariaeWt-&
Solfoz FEZ3the AL dhe, V. haveyid] 2% T Aol JMesttia ddstch
Oakey et al. (2003)°] ool V. harveyi2] 2% FAHS g primers 7]t ot

B oA Axtet g, 95 V. alginolyticuset wFol

=

Wl E FA whgol ebgth
ahsith wepa, 2 Aeld Ak Wslet B keysh PCR EAWES @4 4183

A%, A&stn Jug 90l ¥ Aoz Az

pul

H

B AF A, Vibrio it F V. harveyizh AFA e ¥l &S =AM 23, 8, 9€l
A3 Frhske s BEEAT oY@ @S Maeda et al (2003)0] U &t
Vibrio spp.9] AEZ W3S Jebd BadA, V. harveyi group (V. harveyi, V.
alginolyticus, V. parahaemolyticus, V. compbellii 2 V. natriegens)o] A7) (12~44)
e A9 ueuz @uis) 7, 89 Frtate] 9ol Vibrio sp. T A R ES
A A=z vl go] Folzxlchy & Aol AAsgeh B A+ Aoy 53 A5

Fol A V. harveyi®) 8 vl&ol 23] Frratged, oldd Age aFL)d V.
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harveyiol] o]k W o] Frhabe= 12k 0} Awio] 248 Ao ziech
ool A, 2} vieb FA sllFofed ddEE Vo hareeyis AF 02 el w4
ol5 9 A& TS 913 keyE ARFEHATH
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HeHo g FAMS A, V. carchariae type straini} A9] F<U& V. harveyit]-& 813

3. V. haroeyi®] rstn 2A%@ A4S A, WA EF keyel 168 rRNA £

2ol 5ol primerg ©]-§3% FAHS A ASA L

4. V. harveyie= 2] el GA GAE AR sl AHHor EZaHlen, o

T7190 8, 9€el =4 vl o] G533
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A 2% Vibrio harveyi®] v A E31% 5 A

1. q&
V. harveyi®] A< 5402 M= luminescence®} swarming &5 & 4+ UL

W o] o HE5T A=A A4S dEpdy] diEel B v ESH Ert of
vzl ol AlatellM = = e e Apr gol ol FolA ot

Luminescence= - Fele) #5 3F-& V. harveyi typeol vt &deld e 53

=~

olpl gt AdE AfolA Ax s #HFF 5 AE Jx (Karunasagar et al,

-
i

1994; Liu et al, 1996)Z A& W3dgo] v 73ty Swarming +5 S &t Vibrio

!
o

b

& Aol V. harveyi ol Qo= V. parahaemolyticus$t V. alginolyticus S o] &=
Ao}, swarming &Foll #e Age WEE V. parahaemolyticus$t V. alginolyticus
off AF= o] dom (Ultizur and Kessel, 1975), V. harveyioll M= “1oh=] Apd
H7b glu). &3 olole @] swarming £ 58 3HA ¢ V. harveyid] B3 A4 A
Y BHarsal 9lo]A (Abraham and Manley, 1995; Saeed, 1995), 2 oj% V. harveyi
v 7ol we} swarming &5 /g0l ol AL Ao w A4t V. harveyio] =)

A1 g7l

E)

& 3

to

B, 498 5 05 ~ 8 % 2% ¥WHE 40 € 9w

i

A A4 4 Urt (Ortigosa et al, 1994). 18|y} o5 A7 5F FdoAMe A

o] [}
& ETE A

58
tlo
Hm

ol mAgsgor FaAdE PAAY APE BE
sk AAolg. vjAEsty EAdo) slubel Ao protein patternsoll W3 AFE v AY
%o 4ol WAl vz ArzA BeW FuE 23 Aok o Awel @A
A SDS-PAGE #4115 %38 52 kDa zg]ir ECPs ¥rl A2 34 kDa¢ major
proteing 7}Aal Aol ¥ Qon (Pizzutto and Hirst, 1995 Zhang and

Austin, 2000), ECPs2] 9 protease -2 cysteine protease®} serine protease®

_36_



a4l %] 2ltd (Lee ot al, 2002; Liu et al, 1997). 23 xWF swarming Vibrio2] &} %14
of w3 - A= lateral flagella9l polar flagellao] #gldo] fhzues Ab4
(Shinoda et al, 1992)c] &« Q&= Wl H&ast, V. hareeyi®] 140 s =
@alel sk W 2ao] el el Wely MEA e ojold Aol

ol ¥ rol, V. harveyi®] e} 7}A| MgtstA EAo #E Afrt AL o

i
lwd
=
-
ME
ik
b4
EN
o

Aol ghza @H A Ao 13 oA, V. harveyie] 54l

At V. harveyio] vl ESHH 543 Al wjekdd mk2 ECPso) 54 5ol

S S Eabe] o MFEA 4L Yolr Al ST

_37_



I Az 2 U

1. V. harveyi®] AAF =4

ZAFEEAEE 1 % peptono] & alkali-pepton water 7]3% ] o} NaCl& 0, 05, 1, 2,

, 5, 6,7,8 9% =A H7sk A& 82 10 weR FwWEkar, 1.5 % NaCl %7} TSA
iAo A 27 T 24 A7 ekt &, wk AR AA5E ODw = 080] 54 24
g zbzte] A #FEE 100 WA HES B0, 12, 24, 48, 72, 96 A 7HAS] 600 nmol)

M EFREE SAHFAGL.

heoj
=
O

Few W A e Bg B4 2Aeb7] Skl 2 7bA APS A

WA, 5 Qe ¥e @i #x wFE zAes] 98 3 % NaCle] #Hsbe

i
Ho
>
i)
bl
B

il
e,
o

alkali-peptone waterel] 48 x4 urH o g Zyzhel AldH a3

AEste 72 A 5, wiY F=E SH EEe2 BEse -+, ++E YA

th w3 V. harveyio} thE Al

ﬂ.l'l'l

ol wjof emol WE W &uel AolE zAelv)
#3le, V. harveyi i3 FolME= ATCC 350849} FR 25 XA 9|, Hln FF2
V. anguillarum ATCC 19264, V. alginolyticus ATCC 17749, V. parahaenmolyticus ATCC

33844 1€)3 V. fuluvialis ATCC 338092 A 3le] Q8 wrd 2g Aldn FY

e

wgoz Astac

2. oA BFH A
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5 49l we) sk 2 AS Fx FEel UF kA U4 ARE tzaa gy
2 Al8)sl ok Muller-Hinton agar plateol] 27 C, 24 A|F widd #5458 9 A
el Aol S4E vUS ols Hd A felgez wiAld tesA =ud §, of
Al tlxs (BBLE Y FA o2 el o) sAE 27 €, 24 AZF ek &, 94
oYY 2ES FAHS adel AETE Susceptible, Intermediate 12|12
Resistant= 23tk A8 A& ¥ A=  Tetracycline, Nalidixic  acid,
Chloramphenicol, Kanamycin, Erythromycin, Neomycin, Gentamicin, Novobiocin,

Ampicillin ¥ Trimethoprim/Sulfamethoxazoleo]| 3l t}.

3. V. harveyi extracellular products (ECPs)2] &£ A

3.1. V. harveyi ECPs A43¢] HA zH

3.1.1. ECPse] F& 3 chudz Hef

A ECPs #2¢ Zhang and Austin (2000)¢] 9|3 cellophane overlay i<
Apgatgeh olEl AZ® 15 % NaCl #7b TSA ¢o) 121 ¢, 15 #7+ 479
cellophane membrane-2 ¢iar, TSBo 24 A}F FoF Aujtd ) 200 wE Bt 4
24 feElEes ued =Esigith. Alddel dFd WAE 25 T, 24 AR uigR
%, cellophane membranes A} &% petridishe] £7]32 01 M phosphate buffer
solution (PBS, pH 74) 2 mt2 M H3le =g o] dEgAS 4 T, 20000 x g, 30

=1t

rﬁ

4l Belste] dANS BYsdon, o]F 0.22 ym pore size2] syringe filter

e

&
\

(Corning Inc)& o} 73 AL ECPs o & ALR3tqch

o
=
of
b

FZ3% ECPs¢ += Bovine serum albumin (BSA, Sigma)3 X F o2 3
Br

o] Bradford ¥ (1976)0.2 Z43}m 20 ColA Huats Add) Al&sgn}.

3.1.2. Proteolytic activity
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ECPs9] proteolytic activity

1

ECPs 50 w& Z
(TCA, Sigma) 0.5 ¢

min, 4 )3} Z] ol ¢

12 ARG Austin et al
1 % azocasein 2o 450 ppe}t
acid

7

215 %
2 1.5 % NaCl

ivityiz azocascin (Sigma)-g
of wgkth 0.1 M PBS (pH 7.2)o =<1 1 % -
&3t 27 CollA 30 #7F vkt 3, 10 % trichloroacetic
& ¥ WS FAAZT 30 B, 94 e (14000 < g 5
A2 ol O E] 0.5 w'S #3 tb5 1 M sodium hydroxide 0.5 m¢}
%, Ao & =AY (Pharmacia). caseine 1 unitv+ &3 % jte] 0.001 &
nog et
313. 48 =4
V. harveyi ECPs AJ4d9] A4 A& Yolr7] 93k, g% v&, wWF 2%, W
w2 2 pHel 2dE WstAl7IHA ECPs 243 o Aegs st 98 %
= TSA wjAo) HE =} 05, 1,15 2, 25,3, 35 2 4 % (w/v)7} =2 NaCl
S F7kstel 25 TollA 18, 24, 48, 72 Azt A APEE ARSI Hj Y 2ol
e darg Baas) FalME 20,25 9 30 C xA0A, W WA dE Fue
A3l7] #1841 Marine agar (MA), thiosulfate bile salts sucrose (TCBS), 1.5 %
NaCl #7} brain heart infusion agar (BHIA), 1.5 % NaCl %7} nutrient agar (NA)
o NaCl 7} TSAo| FF&to] 24 A3 wiF § SAsAH pHA WE I
A7} TSA vf Ao A 24 AF vkt ¥, pH 4,5, 6,7, 8 % 98 =
1 0.1 M PBSE Al§-3le] ECPsE &3l F4stsich
of g ourl Astel oln AeA Ut
, BlI7b A

A
pepstatin (50~100 uM), H]7}S# (irreversible) cysteine &))<l

= 0.
3.2. Protease inhibitorsol] i3t A} &3}
AA A5

V. harveyi ECPsol| gt z}5
aspartic A A} ¢ i
trans-epoxysuccinyl-L-leucylamido-(4-guanidino) butane (E-64, 5~20 M)

— 40 —



serine ¢} A A ¢l phenyl-methanesulfonyl fluoride (PMSF, 1~2 mM) % chelating 3}
¢t 2 metallo protease < 4] 4% 1,10-Phenathroline (1~2 mM)#} ethylenediamine-
tetraacetic acid (EDTA, 5~10 pM)S- zhZfe] ECPs Al 9} &3t3Fa] 25 ColA 30 &

= %)

I Auf gt §, azocaseine s ©]-§3le] ECPs &Ade] A g %

e

ot o

O"

33. ¢ A AlE
V. harveyi ECPs protease2] o w3t 7448 ZFAL37] 943}, zZbzte] ECPs A

B85 60 TolA 30 27t 7} 38t &, azocaseined o] &35} ECPs 48 =As9 ).

4. Swarming $-% A
V. harveyio] swarming +35A1S =337l Ydto, W NaCl HAZE =7} 05,

075, 1, 125, 2, 3,5 7 %7} {52 49 TSAd 7Z}7te] 738 M ok g g3

-

of 27 CellA 24 A wiFstth. Aabe] g Mol feto] wiAld ¥ A=

N
1

of wel +, ++, +++ Fo g FAEGTE 3 broth ¥R oA swarming &5 &
g w9} plate ¥jA] el swarming $5S & wWel HE WIS A7) 95ld,
2t7te] #FS 15% NaCl #7b TSB w49k 15 % NaCl 7} TSA wjx|o] wperat
¥, Gram stain, Flagella stain ¥ TEM2] negative stain®. & #aslgon], Alg &

BRI e 199 Featn Badla /& Wy FYsA A

5. Luminescence A] ¥

5.1. Luminometero] A1 9] 23

15 % NaCl 7} TSBoj| 27 T, 24 A7t Wiy A at Perel s TSBo| 2 uj 34
gt % 96 well plated] 200 w® Wi HFE3HA &S TSBE blankz 3o

Lumi-counter (Packard)Z Wgaks =33 qch



5.2. Luciferase genc 1=

M7+ 2] luminescence WS H % 3}:= luciferase] &) S5 2 ZA}sl7]) ¢18le] V.
harveyi ATCC 141269} luciferase alpha subunit (LuxA) geneoll A &l #H3F lux 4059}
Wimpee et al. (1991)¢] A #}3le] luminous Vibrio2] 71&Fof AF&3F lux AS primer
2 AHEslHth (Table 2). PCR 32 & Al FFolr )3 genomic DNAE

templatc= cloning 3 w2} &g

L%

o2 s

6. SDS-PAGE

V. harveyi o] WA patterns #A8E7] 93te], zhzbe] Fwld AR E
SDS-PAGEE 4 A5t Yth (Laemmli, 1970).

Whole-cell lysates®] SDS-PAGEZ 93, 5 m¢e] 15 % NaCl 7} TSBo| z}z}eo]
T5 27 T, 12 AIZF wjdste] o)8 it & W TR 13 AHsdd. A7
o] pellets 150 2] sample lysis buffer (012 M Tris-HCl, 4 % SDS, 20 %
glycerol, 5 mM 2-mercaptoethanol)ol] #Edle] 100 Cof 7 27+ 7193 & Zefo)
H SHTE A7 O, thA 100 Tl 5 23 71Dt MY V. harveyi
ECPs®] SDS-PAGEE 93], ollA] ®el" ECPsZ 5 x sample lysis buffere} 1 : 4
g At AU e YA 718 HAAZAY 424be] sampleS 1.5 mm
A 2] 10 % SDS-polyacrylamide geloll 20 p¢#) loadingd}il 25 mA=Z 3 AJ7F FQF A
7199 &3t AN FEE gel> Coomassie brilliant blue R-2500.2 < M3l3 &

&l bandE <3}
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m. 43

1. V. harveyi®]l A& =2

11 92 §% 2w A7
AW TEE 0-9 %2 A3 alkali-pepton waterol] V. harveyi ATCC35084-5 wjj %

% Aebg Fig 7o) GERRSITh 72 A7 i AW A, AR ¥E 0,8 2 9 % A

A

Aol A Aol 4Ae BAsA Tagon 1 oo BE ¥ SRN: 4

x
ir
ol

F& wgon, Y £& 4AFS AR FE 3 % ARTolAth W Aol @

rlu

Mgt el S E& 48 A7 A &EHo gz Frrsltkrt 72 A Aol FAE £718
96 Aol = fhte] Fobet AL HlSE Al f A= A
ole}g Ashi 5 Ne) wel w2 el FE FF LT fAY AFE B

c}.
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Fig. 7. The effects of NaCl concentration in the alkali-peptone water on the

growth of the Vibrio harveyi ATCC 35084 at 25 €.
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1.2, vt &5

V. harveyio] dael Wik e wvh wixE FFE 2AMEEY) glste], 3 % NaCl 317t
alkali-peptone waterol] vl zbzbe] 45 4, 10, 15, 27, 37 3! 40 TollA 72 A]
FoaletstATh Vo harveyi Aol HARD 2w 27 CR vpEhwtow, 15-37 T W
9] el M el 7tk Ao 2 eyt (Table 6).

V. harveyi®] =¥ AF A& oE Ao vlusgk Ax, V. alginolyticusvy 273

30 CollM A3 S AL AL ie fAR 48 ES Bidd (Fig 8).

Table 6. The effects of temperature in the 3 % NaCl added alkali-peptone water

on the growth of V. harveyi

Isolates Reference strains
ATCC ATCC
35084 14126

Temperature

() FF8 FF 10 FR I FR2 FT 1

10 - - - - - - -
15 + + + + + + +
27 ++ ++ ++ ++ ++ ++ ++
37 + + + + ¥ + +
40 - - - - - - -
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€
c
S 04) |V
S —0— FR2
o —v— Van
9, —v— VA
0.3 —=— VP
_5 —0— Vflu
o
e 0.2}
Q
(&)
c
3
— 0.1
o
8
Q
g 0.0 : : . '
20 24 27 30

Temperature (C)

Fig. 8 The effects of temperature in the alkali-peptone water on the growth of
several bacteria for 72 h. VC, V. harveyi ATCC 35084; FR 2, V. harveyi isolate;
Van, V. anguillarum ATCC 19264; VA, V. alginolyticus ATCC 17749; VP, V.

parahaemolyticus ATCC 33844; Vflu, V. fluvialis ATCC 33809.
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Table 70t 5/19] 2] @7k 2 el BE @Fel He oA A AY ANE

ehla. v Ad

x

77} Tetracycline, Nalidixic acid, Chloramphenicol %
Trimethoprim/Sulfamethoxazoleol} Wafjrl= 723 4438 vepdlow, 7|[gl ek
of el = AlF FFol wel wksAle] xolE v itk Z1ell Ampicillinol] oA

ORE AW #E7 ARHE AR dE Ao ehd

Table 7. Susceptibility of the isolates and the reference strains to antibiotic agents
Susceptibility of the surveyed strains

| ATCC ATCC
135084 14126

Antibiotics
FF 8 FF 10 FR'1 FR 2 FT 1

Tetracycline 30 S S S S S S S
Nalidixic acid (30pg) S S S S S S S
Chloramphenicol (30xg) S S S S S S S
Kanamycin (30xg) S I | [ I ) I
Erythromycin (15ug) I I [ [ [ [ [
Neomycin (30ug) S [ I S S S S
Gentamicin (120 pg) S I S S S S S
Novobiocin (30ug) [ [ [ I R [ R
Ampicillin (10ug) R R R R R R R
Trimethoprime/

Sulfamethoxazole S S S S S S S

(12.5/23.75 1)

S, Susceptible; R, Resistant; I, Intermediate.
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3. V. harveyi ECPs2] 5 A]

(s}

-

31. V. harveyi ECPs A3l AHH =%

o

311 9 e

oS
T
==
0%
=
N
—

V. harveyi ECPs A Aloll @187 w9} wjok x)7to] pja]= 98kS ECPs &4 9} v

e

H 4g J1EoE B Ao Fig 9o ehhd

ECPs &Alo]l 744 #e 248 2 % NaCl 5o A 24 A|zF wjoksl A]go]glo

w, o] ZA HolAFE Aol gy Padte A

¥ WAtk olo] Hls) vy

e

4 ko) 24 AgolNe 9 ol 4E FAD WEs BREA dgkor W

A1 Z¥oll wal zfolr} vhERLE 48 A 7hAlS] 1A we Wl AS AAlglg om, 72 Al7b

T

A7k 5% gl
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Fig. 9. Effects of NaCl concentration on the production of Vibrio harveyi ECPs in
the tryptic soy agar. Activity of ECPs was detected by azocaseine method.

Protein concentration in the ECPs was measured by Bradford method.
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312 vk &% B ol A

S ©

V. haroeyi ECPs 4 do] wjek e op wjek wjx)7} v] 2t JakS ECPs

alt
oX
i)
r
1=

4o gog PAstel 1 ANE Fig 100 e
V. harveyi ECPs= 1.5 % NaCl #H7F TSA (ST) wj Ao A 25 & wjksd w 713

se #4e Yo e

r

94 e TCBS M @45 wA veho.

B, 528 STolA Hlud A el
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2o 25 3
Temperature (C)

Protein conc. (mg/mt)
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Fig. 10. Effects of temperature and media on the production of Vibrio harveyi
ECPs. ECPs activity was detected by azocascine method. Protein cencentration
was measured by Bradford method. MA, marine agar; BN, 1.5 % NaCl added

BHIA; NA, 1.5 % NaCl added nutrient agar; ST, 1.5 % NaCl added TSA.
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3.13. pH
V. hareeyi ECPs 4 AJoll pH/F ulxs= <d&Fe] Ald A#E Fig. 110 e S
ECPs 2438 pH 8olM A5 HEon, pH 4ol Az Ao s e A

o8 e

3500 ¢

3000

2500

2000 |

1500

1000

ECP activity (Units/ml)

500

Fig. 11. Effects of pH on the production of Vibrio harveyi ECPs. The applied

buffer was 0.1 M PBS (pH 4.0 to 9.0). Azocasein was used as substrate.
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32. 4 7k A

T o
V. harveyi ECPse] ol th3l kA A-S ZALsh7] flsle] 60 CollA 30 &1t 78 3k
3, ECPse] &A4S =Astrt (Table 8). & Alg t5+2 ECPs7} 7bE S &4

5] sre gAS vElWor, 53] 5 sfe] #el dFs 02-11 % FEZRA 2430

Table 8. Sensitivity of Vibrio harveyi ECPs activity on heat-treatment at 60 C for

30 min
Ctrain ECPs activity
Control Heat-treatment (%)

FF 8 19475+787 67+11.5 (0.34)

FF 10 16685+£1373 33+11.5 (0.2)

FR 1 16065+687 87+11.5 (0.54)

FR 2 142851568 153+£11.5 (1.07)
FT 1 21265+1331 173£30.6 (0.81)
ATCC 35084 845+44 53+11.5 (6.27)
ATCC 14126 460£71 47+£28.1 (10.22)

( ), Percentage of the remained ECPs activity.
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3.3. V. haroeyi ECPsol] t)3F protease inhibitor 731
V. hareeyi ECPs¢] #AS Adeh= AAE dMstv] 18, cysteine protease
inhibitor¢l E-64, metalloprotease inhibitorgl EDTA % 1,10-PAM, aspartic protease

inhibitorgl pepstatin A, “12]1l serinc protease inhibitorgl PMSFe) thglh &/ 2]

2] An g zAEIF oY, Ay AAAS sty A Aol s M Fo
o Ao Bl &S MRS (%) FAISIYT (Table 9). 5 9] B #5391 /e #
# i3 ¥ serine protease inhibitorQl PMSFoll ¢js) 7talA #le Wb, V. harveyi

tvpe straindl ATCC 14126 37} cycteine protease inhibitordl E-640] 2}3] ] A4 %]

Atk webA V. carchariae type strain, ATCC 35084 2 5 sfe] ®2] «F ECPse] F

ko

B8 serine proteaseo]™ V. harveyi type strain, ATCC 14126 ECPse] Z=ga A

B .o cysteine proteaseq] Ao g UERyHT
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4. Swarming %

V. harveyi ) 5229 A9 swarming &l ¥ =7t vlRe AFE 2AbSE
of rm Z3}E Table 103} Fig. 12¢] JEhdch 059 7 % NaCl swore
swarming S 3hx] &w FEE P4 on, 2 % NaCle] HI/tEAS wiol 713 &
ubsl swarming %3 YERNACH
Swarming &¥°] dojubE Fh MvFel FepsH wsks a2l sk,
swimming &Y Yoyl swarming &2 dojubAl es= broth iAo A uj Fgh
A FFT} swarming $-%0] Yoju= agar iAol A wiksk iS22t FHéle], Gram
stain#} Flagella staing 3t @23 ov) (Fig. 13), negative stain gt AR TS

TEMo 2 &ttt (Fig. 14). Gram g2 749, agar vj x| ZJoll A ujtalHd & wf

TAZE Z2ejAlE 2 2 5 der] (Fig 13b), 9= dNlMs dojn A
optiel, W el 7 ZF7H8 AS F9d 4 AUt (Fig. 13d and e). TEMo M= 2

o7 Aol thare] ARt dAsie] 9lov (Fig. 14b), swarming Ao A H o|&

lateral flagellat= of2 A 4" Z29%E FTF SFFHJUG (Fig. 14c). =37
swimming 5o #od3te e FHR 83 swarming EAle] AAAH FH
& (lateral flagella)= Wt} 7hex ®ov, sheatZ Ei4e] A v ZAo= o

g9ith (Fig. 14d).

_56,



Table 10. The Effects of NaCl concentration in the TSA on the swarming of the

isolates and the reference strains at 27

. ) Characteristics of swarming on agar medium

Concentration e ATCC ATCC
f NaCl . - ~1 \[y S /

of NaCl (%) FF 8 FF 10 FR1 FR2 FT 1 55037 14196

0.5 - - - - - - -
0.75 - + - + - - -
1.0 + +++ + +++ - + -
1.25 +++ +++ +++  +++ + + +
1.5 +++ +++ +++ A+ + + + + +
2.0 +++  +++ +++ +++  +++ 4+ ++ +
3.0 + + + + + + +
5.0 + + - + - - + +
7.0 - - - - - - -

+, ++, +++, swarming activity; -, growth without swarming.

Fig. 12. The cffects of NaCl concentration in the TSA on the swarming of the

Vibrio harveyi, FR2.
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©) (d) ()

Fig. 13. Morphological change of the Vibrio harveyi, FF 8 in the broth (a and c)
and agar plate (b, d and e). (a) and (b), gram stained; (c), (d) and (e), flagella

stained.
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Fig. 14. Negative stain of the Vibrio haroveyi, FF 8 on the broth medium (a) and

agar plate medium (b, ¢ and d).
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5. Luminescence
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14126 77} 20,000 cpm o]4e] ¥ WS Rl whd, e A fFELS 200~

300 cpm YEEA FE PEHA e TSB wlAsh fAE @ ekl

\O
£
o,
-
S
=
-2:
¢
2
s

fuminescence &4 0.2 WAt h L3 luciferase gene &8
© ATCC 14126 #5¢F Lux A9} Lux 405 primerol] the] 218 & 283 H<Q)
w, geA AR @FelaE wE S4ow Uedth welA ATCC 14126 #5E

A1 RE A e LHso] gl oz wdy k. Fig. 15 primer, Lux
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M FF8 FF10 FR1 FRZ2 FT1 VC Vi1

1.650 bp
1,000 bp
500 bp
<405 bp

Fig. 15. Amplification of luciferase alpha subunit gene of the isolates and the
reference strains. PCR was performed with bacterial genomic DNA using LuxA
primer. M: 1 Kb ladder plus marker, FF 8~FT 1: isolates, VC: reference strain
ATCC 35084, VH: reference strain ATCC 14126. Arrow indicates the PCR

products.
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6. SDS-PAGE

6.1. V. harveyi 3 2] protein pattern

Fig. ool 5 Jlel el @At 2 Ao FxE @i AAE A gwds
poly-acrylamide gel o 7] d&ste] g AaE vefldd. A9 HFE9
71322l protein pattern A8 o1}, 36~50 kDa A}o]9] bandsol M« tha =}

ol HHAth TCBS oA EAog & o, Wz fF8 TCBS green colon

<
oft
ok

3 FF 10 2322t g9 TCBS green colony 84 3 FR 29} ¢+43] o 28}
Ack 18la B el TCBS yellow colony &4 3 FT 1+ Zu&Eg {2
TCBS vellow colony &4 #3 FR 19} Y3} protein patterng R At} 18y,
z] Fefe] TCBS yellow colony 84 #3 FF 8= 50 kDa Y¥<toll 1= Bl bandd]
Fapgro]l f & Aoz yEls. yellow colony 84 9} green colony 34 T
F Aloloi= Bl band®] =7}7} 2k7F 2o, FR 13 FT 18 B2 band?} v Hdo=
vebsteh ele] Wsl 3 w3 protein® 5 el g #Fsh /IEA protein

patterno] fAlal A7t ghds] YA AL b Ao @ ey
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FF10 FR2 M FF8 FF10 FR1 FR2 FT1 VC VH M FF8 FR1 FT1

86

45 - B1

36 -
29 -
24 -

20

‘i

Fig. 16. Electrophoretic protein patterns of the Vibrio harveyi whole cells. FF 8~
FT 1, isolates; VC, reference strain ATCC 35084; VH, reference strain ATCC

14126; M, protein molecular marker. Arrow indicates different protein band.
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6.2. V. harveyi ECPs®] protein pattern

Fig. 17e13= V. harveyi ECPs®] SDS-PAGE pattern-S VERH AT & Al E o 5ol

Al ©oF 34 kDa®] major band”} stlEjglon, ofF kol FAF3 patterng H o)

FT'1 FR2 FR1 FF 10 FF 8 VH VC M

hgsen iy

118

Fig. 17. Electrophoretic protein patterns of the Vibrio harveyi ECPs. FF 8~FT 1,
isolates; VC, reference strain ATCC 35084; VH, reference strain ATCC 14126; M,
protein molecular marker.

Arrow indicates the 34 kDa major protein band.
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V. 1z

T

V. harveyis= t2 Vibrio sp.9} o] #ddoz 05 ~ 7 %ollA 3% 7bsety, +f
Fo wet 8 %ol E AdAo] yEsbthal M uE St (Ortigosa et al, 1994). o] 2 g
Hele B ddpdan st velwed, EE AR dF7 7 % @8 FEAlA
o gRsEoL 8 %eldE Aol Aol % Aztalel o2 Aol U
ot V. harveyigl A37gol A ol - vlszgE V. oalginolyticusv= Ry FaAdo2 12 % @i
FroAzbA g £ e Ao w 2ex] dth (Ortigosa et al., 1994). wjF & %o
B Al A RE AG Fe 37 ColN AdFstdon 40 Tellde dRstA ®
st o)lde] Aot LAFHLE (Lee ct al, 1996; Ortigosa et al, 1994). V.
alginolyticuse= A% &% HIAL o WM 42 T7Ax AF 7besith mEba V.
harveyiv= 05 ~ 7 % Q8 %5915 ~ 37 T2 &% HYAM AR 7hssla], o)y
g A3F 2AS V.oalginolyticus BT F& A0 7 YRyt

qrto 25 Y ECPsE ot WS> g 7HA7E oy, a4 #3455 54
sfoF dli= Aol cellophane plate techniqueo] 7}3 HAHo g ARgS1 ot
(Lee et al, 2002; Zhang and Austin, 2000). V. harveyi 9 A] cellophane overlay ® o]
b4 gyl ArEEa gen], Montero and  Austin (1999)°] broth  Bj gy
cellophane overlay ol w2 ECPs &4y @d ks SHS Ay, oy ok
Fap7b efgh & o) wls) ECPs &4 FA2 broth wiekdel = Ao HEWA o
tthit Hi13te] cellophane overlay Y dgle] Fo4dS AAMsiFAS. 2y
cellophane overlay o2 & ZSolx o] v Aot A7zt wat vl
of wj#], &%, A7t So} theksle] (Farto et al, 2002; Lee et al., 2002), <1 thAto]
S @l AW ECPs A 249 2AR F pAA Aol ALgals Aol uig

Asicia AzkEch B ApoA V. harveyi ECPs A9l 44 2712 1.5 % NaCl
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b TSA uj Al 25 C&E 24 A 7F s S wjolyy, F+53}= buffer?] A pHe=
8.0°]20t}. Zhang and Austin (2000) V. harceyi ECPse] #2]A], 1 % NaCl F 7t
TSAo A 24 A1 Zhsjol] b e &S Bvhar sk & e} 2yl A skl
oul e V. harveyi ECPs =5 Al§loll M= o)of #AMSE 2oz S3sa )

t} (Liu and Lee, 1999). 121}, Liu and Lee (1999)&= whiia o] %7t 96 A)7HA|7}

o}

7k

?l & 72 ANAMEEE FAshe Ao ® et Lee et al. (2002)¥ V. carchariae

A A thar Bargh yb, b dote] Aol M= 48 AlEAel HiuAE K

3]

Sy
olN

type strain®] ECPs #2]A] 15 % NaCl #7} TSAHtH 15 % NaCl 7} nutrient

agarol A wd ore Ao i, 950 & fé 4L UEOR Rnsd,
olo} zro] A7Ael wep e AWE Mol AL AEE #Fo| FHold shsAol

2, A e daiME ] RAME B 2

o

9 Ao @t B A
of Ab&H Al 79 ECPse= ol EE3tHy, 32 #4570 ATCC 141265 A 2]
FFE 2 serine protease’} T2 ECPs A%< #loZ st #HaA7 A V. harveyi
ECPsofl #3 d-f= Wol o]fojx o}, tF& V. harveyi typeo] Av} Al -5l

A R w5 B3 dFERE 0|58 K cysteine protease’} F AR oz 4

&7t (Liu et al, 1997). ¥, Lee et al. (2002)2 grouper, Epinephelus coiodesol] A

~

el V. harveyi (V. carchariae type)2] 52 ECPs AJ R0} serine protease®d-& H3

dlel B Ay Azel dXEYh olE Az vFo| & W), V. harveyi types} V.

carcharige type®] T+ ECPs A¥o] tpg #Hoz oy, ® E 4552 V.
carchariae typed} 72 A0 2 EGTH

Swarming % agar £ HAAG Edo q¥E wet Y F UAe vHe=
agar 2| Aol M= HA= colonyE HAsHA Hr) o] SA4S AU AMdoze=

Proteus 23} Vibrio 4:9) V. alginolyticus$} V. parahaemolyticus7} 7 2 ey A

32

th. Swarming %2 Algto] AAA3hE BoF e AL AbEof o) X FEol
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o} A 510} elongated cellso] %11 of 7}ol}l Vibrio % AlqFe] 7§, polar flagellast -
Moz th& lateral flagellavh A HTH (McCarter, 2004; Ulitzur and Kessel, 1975).
Henrichsen (1972)2- swarming <+% % 8l Vibrio &2 X 34 10~20 7/ A%
o] lateral flagellaz} AAd®thy stor, e H o 2= polar flagellume] sheath&
Ze]#el 27 24~30 nm?e) W, lateral flagellaw= 217 14~15 nme] unshecathed©]
1 (Baumann and Baumann, 1977; Follett and Gordeon, 1968), o] ZHo|e
colony centerell $1%] 3 #F4) ®t} spreading zonee] 7o) 2~6v) ] Zt} (Belas and
Colwell, 1982). Lateral flagella®] t}& 5#.& polar flagellas} 712 waver} §lo] &

o e, 1 olfE flagellad] 191} 191F o] nAHHY] e, M2 O
el FaEo] glv] dfFdl Zew wEHg. dF , flagella®] & % o]
Ao Ho] gla 2 § 22 agar matrixt} 2 F Ao FAEo] uid, A 3}
Ao wnd ¢HAAHQ linkages: FASte] ohE el e ARY HSE £
cross-link & 7] o]t} (Belas and Colwell, 1982). olzjdl - A= F2 V.

alginolyticusS+ V. parahaemolyticusoll A 8182 AMAEZ, V. harveyis 402 3 &

AT FALE ABE AT 5 AKTh B APl AL broth EE agar wjF
5 E flagella staindle] Zojzl A9 F7Hs AR F5 sy o, negative

stain€ A3l TEMO 2 Rt} 443 #&F3stch 53] TEM ##Eo A= Belas
and Colwell (1982)¢] ®H 1o A} zFo] lateral flagellaz} o} & A9} Z& ez
Ax]o] Q= AL g 4 gl o, polar flagellag}t lateral flagellaZ} 27, wave
2 sheath §%-9] ZwolM %3 2 xS T 5+ AT o3} o]
lateral flagella:= agar wj Aol A} swarming +%& & UElWE &5 7|#o 2 M9 %t
ul olygl, WY TdlE  adhesion, surface colonization, biofilm & A}
invasiond| = @33}y, )20 virulence factorgl type [l secretion pathwayols o

23 DA Y= Ao ®BuEs (Kirov, 2003), B A Ao th4=9) lateral
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flagellazt M= v saleb IAs0l oA iz Ao el olejah 715 s
of Bgigel] 713 oz FehE ek
V. harveyie] luminescencet= o] UL F2H-E uw, autoinducerg}t Hle

extracellular signalling moleculeso] F7pabA] &3, ol& Az g #3d F8AU Lux

7F wrE s o] vebubys @ Atelt}d (Nealson and Hastings, 1979). o] #7423 2w 44
¥ F@3HA quorum sensingolel Bl AlEZFe] oAl &F VlERA FE WY
Az sle] we Ayl ool lon, 53] V. harveyiE o2 & wmrl @
(Freeman and Bassler, 1999; Nealson and Hastings, 1979). oj8l g2l #H o4

rEk

ol

K

12+, Fuqua et al. (1996)¢] luminescence”} V. fischeri®] virulence,
antibiotic synthesis, conjugation ¥ *F Aol #Astp= AREE HEl AT} Song

and Lee (1993)7} non-luminous V. harveyiv= A $-of AW Ao7|A Fevhal Hil

5 A Zo| AT} V. harveyi®] A A SFANA ErlE Asout waso]l =)
o, ¥ Aol E Fx FE AFEE ATCC 14126 ol Ayt A W& Rl

v} w3 V. carcharine typeo} o] FollA AW S Yo wie WEsHg ¥
harveyi type Mo} B4 wd 7jFate Zolrh A& Aoz Addd
Pizzutto and Hirst (1995)= A|$-, Penacus monodon larvae 2§19 V. harveyi®l
protein patterns& 973l 3 o] So] 5 52 kDa2] major proteing S-313}4 A
3l Group [ & 42 kDa, Group [+ 40 kDaolA band& #Ad3}al 7]E} group
o] Rito] bandE #HAIIA e A #Rch B AfM RE AP FFE 50
kDa ¥-:2ox 213t major proteing e OV o] wpEba BExpEke] zlolE
Hgow, 2 /§e FE #3592 major protein® FR 1 3 FT 13 FAU3 #FAFE
ERlch & FR 13 FT 18 A3 2& Ad FFolA vehd 40 kDa 13 9]
band¥ Pizzutto and Hirst (1995)2] A-follA 413l 403 42 kDa bande} YA} éh=

Aoz Azt w, FR 13 FT 12 19 d-7olA Group [ # Group [I o= Fox
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1

4517 904= 7le} groupol SlWE Aow webEch tiokg fele) V. haroeyi ECPs

o th3} protein pattern® Zhang and Austin (2000)2] A A7} gl olE2 H
= Al FFEo] 34 kDagl major proteing FEFHOFZ riAW, o] el 52
kDae] F74-% band®} 27 kDa2] bandE vleldtiy sh¢lch & AFAME 34 kDa
2] 4% band 2], ¢ 55 kDa % 27 kDao| A 2] bandx #9¢lg)o] ol& 52} ECPs
protein patterno} wj$ FAFS Ao g whebEodoh. 212}, Lee et al. (1999)e] A+
oA A S-FollA el V. harveyi type strain®] ECPs protein patterno] Al major
protein® 38 kDa® X iglo] B Ay ZAuje} zbo|rt wof. o|#g 2 Zhang
and Austin (200005 Aoj3} o FollAM Hel®l V. harveyi ECPs?]  major proteino]
34 kDao]2}a 3+ AL vlfo] Hol, ojFo 7+ = £2 major ECPs protein] ¥

Aerol tha e Aoz WARY.
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V. 99

1. V. haroeyivs @R 5% 3 %, 30 TollA mFAg wf /b & A8k
2. V. harveyi ECPs Aol HAY ZHdL2 1.5 % NaCl 37} TSA wj eflA 25 T, 24
A)7b wieksl= #lolw, ECPs 21419 buffer system pH 8.00]3th 5 7)o £

39 F82 ECPs A48 serine protease$ r}.

3. swarming &% 1.5 % NaCl 7} TSAo|A 7} &l on, swarming &

Al gAE ZolAa, #i1 =& g2 lateral flagellazt A ® A& A A

4. Luminescence ¥F2-2 luminometer® 2% HA&E8he W3 luciferase gened 7

refye

salt oz Adatdid, 5 Y Be #Fh BF 4otk

5. V. harveyi®) A ©@" e 50 kDa ¥<12] major proteing 7}, ol et

40 kDa 2o A4 #}o}dt band patternS H. ¥tk V. harveyi ECPs ©@¥l 2.2 34 kDa

o] major proteing 7}A| W FFHe] zole (U
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A 3% Vibrio harveyi®] WA 712}

A&

FH:t 10 i Abol V. harveyi®] A 7)Aol #E AE ool A 7] AlAETH
Zhang and Austin (2000)2 atlantic salmoneol thst = Y|AA V. harveyi®
extracellular products (ECPs)9} ECPs9] &3 50| sl Aoz Hidon,
Harris and Owens (1999)2 ECPs9] 100 kDa ¥l #o] = Ao ZH Aoz #HAd=
Aoz Bustrt =g @& AFAEe] Aol ECPsE R offfol XA 548 o
ozltkir ®irdlal (Liu and Lee, 1999; Liu ct al, 2003; Zorrilla et al, 2003), V.
harveyie] ECPs7} ¥4 7]12hel]l vlAe Ja vl & Aoz Yzdd Qg of
3 ApoM T FAE Ao RaEed, postlarval Penaeus vannameio] V.
harveyi ECPs7} 733t 545 JelH, oju o] ECPs= proteolytic, haemolytic,
cytotoxic — activity®  H<ltix 3t (Montero  and  Austin, 1999). E3gh
Soto-Rodriguez et al. (2001)& Mt Q] AgAdo] A fFeol Waddde B A
ko), offeo WYY vFHdE Bt ATk o9k ol V. harveyio] WA
of et A-prp ES] Frhstar ok, tiiEol ECPso] =¥ 33k A7t F4lol
Sl 9ok ol# gk A A= gram FA At vlE] gram A AMTte] ECPso
=0 @A uirkes Abde] HlFof & uwh, V. harveyi ECPse] W14 JAAE A9
ogt# ECPs 9|9 th& Fa =8 Qx| who of R 3k A+ o A o

A S olElst= Wl a3 or|E Fod Aoz Azdnh

B o= V. harveyie] WA 712 W8l 7] 8] Ao 2ojEEte sk ¥l
AE Bl 3, HAAI s FAYstd HYAdS Fiste BAHS 5 HAE Uy
o] ZA}3FE T &, mucus surfaceo]?] X2 surfaced B3 «F FAo g9 A9



in vivo 373 0) A 9]

w3t biofilm A S5S in vitroE AR O,
Pl gk dEB e o5 Wolel ol8% e A A
hareeyis) 19 g9 Aoz wSold wWel wge] A

2w Al Ee piAls EE e

activity®] 4o



o. Az 28y

1. V. harveyi 219] 7199 A1 @)

11 A &le]

V. harveyie] WY APlE BT oPAF 5 1 12 gol AW IA, Paralichthys
olivaceus9} 30 = 1.5 go} Z 3-8}, Sebastes schlegeli-g& 745 X8 iAo o2 &x 7

2 o

foivf}

2o FA AN Bepwel R PWSa S YRl o gelg st 2

o] 1 & A5 FxolM 2 U3 &AM § AT

2. Watel A4 %A

5 788 Ale dFek 2 R Fx el digh Wl

m
BN

a7l glaked 15

% NaCl # 7} TSAolA 27 C& 24 A7 ks 7 #52 Wy e Ao 10077

Jo
4
il

ctu/mt e Fx WeIE 10 vf A3t} Gxe} xujEete] E o] 01 my FAMSIA
o, x4 iyt A AEeE 01 we 53 FASIEY 28 24 + 05 TR
FAd e, 7 dre] AALEE VIFe F Profit B (WFHITEITAY G, 1976)00
upet LDsps Absticth. dlatels HAAL FA] sfatar Qg n vy 228 EaHo

2 A3 3 TCBS iAol =g 3 V. harveyiZ A2 )3ty ot

1.3. ECPse] A} =4
V. harveyi ECPs¢] XA} =4S 2A517] 9ate] 717te] #2225 E 228 ECPsE
100, 500 2 1,000 pg/mt= ZA3FE Yo 01 mA BE7F Fatatgoh AbS 2710

U B LDs A2 Aol A Z1sd Ba FdsiAl Al sd
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21, Aler A3 32 2] hydrophobicity

2.1.1. Microbial adhesion to hydrocarbon (MATH)

M ME sEH el hydrophobicityE #2138} 7] 93] Rosenberg et al. (1980)ef u}2}
hydrocarbonol] W3t F 258 FA3th Overnight vikd A& 25 mM PBS=
2 3 AF & ODap = 0602 AT o #H 15 wg e Adue] ¥ol v
3l volume?] hexadecane® &3ty 30 = FoF Z&A wykaldch 30 H7F A x| A
71 & ODE Z=A435la] hexadecaneol] w3k -2} AL o] Hl &g olefel o] AAitatd
=3

Aguu original bacterial suspension — Agy aqueous phase

Adhesion (%) = > 100

Ansgy original bacterial suspension

2.1.2. Salt-aggregation test (SAT)
A ME FHe] hydrophobicity2 =A3}7] 913 & hE AP Lee and Yii

L

(1996)c) ©}3] 8 E Lindhal et al. (1981)2] WHo] wakrh 2% FoF wjoke Al
= 1002 APk o] #H 30 W= 0.05°04 4.0 M2 ¥ ammonium sulfate
(NH4):504 843} 96 well plated] F#Fo 2 E3ate] Ao 3 Az w3 & izt
3ty SAT valuey: FotA oz 238 Yo7l ammonium sulfate®] ZHA mol

= Agsad.

2.2. Biofilm 3 4]
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Polystyrene culture tubeoll A} biofilm &4 4% 54317 glal OToole and
Kolter (1998)2] W& whgkch 1.5 % NaCl #7F TSB vjA& 1T ¢ ¥-2 75 mm
polystyrene tubeol] overnight BjFs 1S HEF3F 5, 27 CollA] A vfdsliA

AA A ARG 3 Mo R ARPE Adsigh A tubeis tube 59| wA

o
Y
T
-
o2
ri
ot
12
tjo
2
X
&S
+
l:"
|t
=l
o|
=
-
K
0,
[:u

MAHstar 1 % crystal violet
solutiong 7 7}&led tube o] F-zml AHEE FAstHc o] & A2 A 10~15 #

P e B Z2H42 A ZHs oS, 95 % ethanol 2 wiE o] Wio] 600 nmol| A

3. V. harveyi2] olA Y AWEF
31 ol Al HES
Af WAL AU AFVoE AFT 4 ALAR 2AS] sk PR} 2

Beato] gols A&t HHe Aie 58S paper towel2 VHRA 4470 F

02 M PBSZ 1 % agaroseE HEA|Zl % 02 M PBSol 1 mg/mt®] v5& =¥
AN ek 2 weg H7bstel wiAE AlAe Ak A A wjAlol 4o v s =Y
ke &, 27 T, 48 AR wikston, xye HA dHEHAE HUEA e 1

% agarose WX & A}&3FH T}

3.2 ol 4 WelMe V=T
N 3 ZHE ol A dig AEF APS Leung et al. (1994)8] WHo =

FstArk 1.5 % NaCl 37} TSBel| 27 €, 24 A3F wjekst zpzte) I35 U4 &

o

Sty Z#atar PBS (pH 7.4)2 3 3] Al"abe] 1 x 10° cfu/wivt ¥ =% PBSE %

o

il

Fols olF AW 112 E@ste] 84 AHe] Fwh 5 « 10° cfu/mio] =

ro
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2 ahglth of gL 25 Col wjakaluA, 0, 1,3, 6 9 12 Algke] A¥ @ wjujt)

=

A~ 2 A
FE5 24

x

off

Al B A Eke] Miles and Misra (1938)2] wWdoll wel Y

i}

bt

4. V. harveyi F4ol R Al 2 nv5old WY vigol v I

41909 A AE

V. harveyi 71do] @2e] Ayl B vl5o)A W Vgl vAe 9FE £
Hate], Bt olxlF 26 + 55 go] Wajel 54 <l FR 29} v 54 #5739 ATCC
350845 7hzb 2 x 10° cfu/meE Z2As Y 01 W B FARIg oY, et o
@ e A94E 01w FASATY 247e ARe FA &, 0,1, 3 7 Ao A
Astgen, 24 AnFeA 8 vheld T2 Aol 2 vhelH poolingstel AHg-at
Pa BE AP 2 g o g st A 7gF ske] #2224 £ 05 CF
s A5

42. V. harveyiz} 2 9] gl AAdol] v Jaf

4.2.1. Hematocrit

2130} o] hematocrit 2= Wedemeyer and Nelson (1975)¢] wWreiol we} A]8 3}
0.zt agad Adels nd gwozrE ssd dew FANE 4T T,
heparinized capillary tube (Chase Instrument Co.)oll 45A171 ©hg, 12,000 x g, 5
B 4 FElskdnh Al ol9] hematocrit 2= WA o] i A §F

& percentage (%)= 3HiHal¢th

7t Aol my AuoA AHES dAg A 2 A F 4 T 2 A% A S

AWS FHEAN F, 8000 < g 5 W3 A4 wEldte de s A A8
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u
4
S

™~

1 &2 AAS o83 glucose, Biuret W% o] &3 total protein 2

- [o B T

hemoglobino] itk ®& Al@ e gl 4B JALE kit (Asan Co)E AMg3go.

i
il
>
Ht
2
o
o
I
Lo
=
o
o
i)
8
I

hemoglobin Z o+ satelo] Xalg FA

43. AN lysozyme &4 4

A lysozyme-- Takahashi et al. (1986)2) wWwylo]l we} MF HHA-S fFH sl o
Algoll 5 8] 0.005 M PBS (pH 74)E 713t thg wrdste &, 94 R @ ¢,
12,000 = g, 20 min)3t FAAS FH8& Algz2 gt of HA Az 05 wg
0.005 M PBSo| @€tste] ODsy = 0.60.8 ZAE M. lysodeikoticus <4 25 mea} &§f

&tod 25 (oA 20 §3F WEE A

£y
#
IIlO[l
of
5
it
N
o,
o
2
o

Lysozyme A8 units/mi/ming e} o™, 1 unity= EZ5 zho] 0.001 7HA3H

o2 FAlSkH T

44. BAY] it 58 ZA}

WA #83 e BaA A wree 2eld g7 GVBT (gelatin 1 g; NaCl 85 g;
5,5-diethyl barbital acid 0575 g; Na-diethyl barbiturate 0.37 g; MgCl, - 6H,O 0.102
g; CaCly - 2H,O 0.022 g in distilled water 1 ¢) 4 S 1 : 48 3 A3 t}e, o]&
Escherichia coli, ATCC 53323 &gl (107 mg/m)2 1 : 12 &35t AA s E) A

Z4e A 49 B EFAL 27 (2 248 A A2 g

"
=
i

71WA 0, 1, 3, 6, 12 A 7to] A3 diulot @A 348 Miles and Misra (1938) 2]

ol wet 7 AL4E AsaAd.

45. o F T2l AATe A N =4

Hae] F2& FugHoz AHZFEo 2 % fetal calf serum (FCS), 1 %
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penicillin/streptomycin 2 0.2 % heparine] & f % L-15 mediumo] A} nylon mesh
5 BoAA Ax dEtd s Eulstdoh FRlE AE NS 2% 45 % 2
percolloll F 3 A1 %, 450 x gollA] 30 &b 44 &elstel MAdLE el

Fol® wWa = 01 % tryphan blue@ viabilitys €18 £ 01 % FCS %7} L-15
mediumo. 2 2x10° cells/m¢ %7t =4 243t} 96 well tissue culture plateoi]
0.1 we# Rtk o5 18 oA 2 AlZE H-3A7 v A A &, 3
3] AHsted AlFEE AMEES F#olEd T FCSE {4 stE zymosans nitroblue
tetrazolium (NBT) -£olo] A7l & 2147} B2 wello] 0.1 me® % 7}spar
18T A 3087F W& 7l o€ 100 % methanol®2 A EZE AAAHCH ZF welld)
2M KOH &9 120 u¢9} dimethyl sulphoxide (DMSO) 140 @& #7}8 3 630
nmoll A &35 E =A3APct o] u] blanki= 2M KOH$} DMSO &3t & A1&3)

At

5. V. harveyi ECPs2] &4

5.1. Proteolytic activity

zvzre) #FEHE 23 ECPsE A8 2 3} protease activity® 4314}
ECPs &% 9 protease activity &7 W2 1342} FU3}A cellophane overlay
WHloll olal]l H2)8l 3 azocaseine MO 2 TAS HA3YY. a4 TS IAx
w3 2 Jhek 22l w5 5 el dis) AAst o, FUit 4 HEH] U dF
s} oAl F3  weld FEel Aols 2Abely] Slstel, 747t

At 3 (@107 /fish), Aol FAS Helshs $4E 3 3 AAF 5 o4 B
3 #7E AHESAT

gk Bel®l ECPsE APlzym kitell &3] 19 7bA9] &4 Wi

2
o
o
o
e
ot
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52. &%8%

V. haroeyi ECPs2] okl ojFeo] oo 3 8 FS AT Red blood
cells (RBCs) A5 E72 7 Aoz} 2b% offe] nly HJulolX &3 5 PBSE
3 3 Az (4, 2000 x g, 10 min)d}al packed cells& PBSe| 1 %= @etstod F
vkl 96 well plateoll ECPsE 100 w4 w31 PBSZ 2uf &A 3)Ag &, T o
1 % RBCsE 4o 27 T, 1 Az wjdaldnt. &8 59 iiAle= 50 % 885 407

A gAE TASHTh

5.3. In vitro cytotoxicity
V. harveyi ECPs9] MEZ %A oF #alel 3=, 5 CHSE-214 (Chinook
salmon embryo)2} EPC (Epithelioma papillosum cyprini)& A}-83} 4 th.

[§

Eagle’s minimum cssential medium (EMEM, Sigma)ell 10 % Fetal bovine serum
(FBS, GibcoBRL)¥} 1 % antibiotic-antimycotic agent (GibcoBRL)E % 7}3} 32
CHSE-214 A2 7 x10° cells/m¢, EPC A% 3 »10° cells/me o] 27} 5| wd =
43lad 24 well platec]] 1 m# EF38he] 18 T, 24 AI3F @& wgstd ok wj <

_‘E[r_
7t well We] wix|E A A, 10 % FBS7} H7ke EMEM 09 neell thst s52
W

e
zA4% 7+zte] ECPs 0.1 meS H7bsbed 18 ¢, 72 A)7F EoF uwjokaldct. njoked
o] ¥ ECPs %% 0, 25, 100 @ 250 pgol =HEE 3tth vjek 71 < =8

#u| 7 (Olympus, CK-2)o.g2 ##3lo] A WA a3 (Cytopathic effects)E 2Q1&

-

Ao, 2= ECPsE FH7bstAl ¢8& well9] cell-lines A}g-3itt
5.4. Siderophore A A%
Chrome azurol S (CAS) assay solutionS ©]-83% siderophore AHAso 42

Schwyn and Neilands (1987)2] o] wigity. CAS assay solution2 6 m¢e] 10
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N

mM hexadecyltrimethylammonium bromide (HDTMA), 1.5 w9 10 mM HClo]

puch

kel 1 mM FeCls - 6HO, 75 mee] 2 mM =84 CAS &8, piperazine 4.307 ¢
6.25 mée] 12 M HCIE WLk 255 100 neoll HolA A #Hatsitt siderophore?] =
el & 630 nmolj A TF %

Aollx= CAS assay solution 05 m¢d} FZFe} ECPsE &
AH-8-3F s ot

% %939

LR B e]

o1, blanks= ECPs Al&5 4! 0.1 M PBSE

6. B A
WzPs 2 NPT Aol BARY felde

0.05 mjuted wf Feojdo] e Aoz wAtsidt.

Student’s t-test® W] 3te] Pgho)
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Table 11tz W xo} ZoBets didoz 5 e Alg) d59 2 A9 FHz 50

g H9Ag A3 A2 Jehidoh 2 e #x F s JAe 2ulae Rl A

we LDs2 Rl oy, 5 7o) ®e dFoMe F3F 52 e LDo@ts YERHS

th. dxol 714 ek %ele Hel #FE FR 20]1 thS o2 FF 8o Hupgton, %=

gl-2tol= FR 29} FT 1 #5571 2 HdAds Bk 2 A3 23, e #eHol
o

e %3 Solye uvebA @

lo
=
kN
E
e
&
2

g Wedel o Fe How

v

Table 11. The lethal dose (LDsy) of Vibrio harveyi on the intraperitonecally injected

olive flounder, Paralichthys olivaceus and black rockfish, Sebastes schlegeli at 7 days

ATCC ATCC
35084 14126

FF 8 FF 10 FR 1 FR 2 FT 1

Oive ) 0107 4.38%10° 4.38%10° 1.24x10° 1.36<10° 4.38x10° > 10
flounder
RBlack 3 i . 4 = i 5 A I 7 . 5
PICK 1 50x107 1.18%107 7.56x 10" 6x107  3.24<10° 5.8x10°  2x10
rockfish
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1.2. ECPs9] A} =4
V. harveyi ECPs@] A} 548 ZA3 A5 Table 12¢] Yeligich 2 7] T =
% 29 549 vua @

F4E LDsol 100 pg/fish o] dog s¢ol ofglon, 7}

5+ LDsy gtol 399 pg/fishel FR 2499, Yo 2
kol 45.6 pg/fish]l FT 10]8lom, ez 3 72 w52 LDs

Table 12. The LDsy of Vibrio harveyi ECPs on the intraperitoneally infected olive

flounder, Paralichthys olivaceus at 14 days
ATCC ATCC

FR2 FT1
35084 14126

FF8 FF10 FR1

LDz 53 572 53 399 456 > 100 > 100

(pg/fish)
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2.0

Y

¥
21. M3t Al 3L 2] hydrophobicity

V. harveyi A ¥ 3£wWe] hydorophobicityE F%3}7] 9]8], hexadecaneg A8

%

microbial adhesion to hydrocarbon (MATH)3} ammonium sulfateE o] &3t

¢

salt-aggregation test (SAT)E 4-33}e] Table 130 ‘iehf At MATH Al 3o A &

FF 102} FT 1 @57 7b @& F3bs, FF 83 ATCC 35084 t57F £33t 4

b
o

Bak -1@]3 FR 1, FR 2 % ATCC 141260] £& H258 R4k SAT Ay

o
Ho
N
=
e
et

F2 FF9F FR 2 37 Bl A vhe s o] ammonium sulfateo] A
T ¢3AsE oz Jepdth wela, MATHH I SATH YHoAM % Rass

Hel @3 FR 29} ATCC 14126 #5F St}

Table 13. Cell surface hydrophobicity of the isolates and reference strains

MATH (% partition) SAT (M)

FE 8 21.9+0.64 3.0
FF 10 14.71£0.57 3.0
FR 1 27.4+1.98 4.0
FR 2 28.020.85 2.0
FT 1 13.6£0.57 3.0
ATCC 35084 20.1+0.21 2.0
ATCC 14126 29.5+1.34 2.0
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2.2. Biofilm &A%

V. haroeyi7} polystylene 2 #oll A biofilmS AT 4 A=AE F43 A8 2y}
2 & oy st vlasle] Fig. 180 vefuiglo, X Aol Bl w3
548 wole A5

w3t A= Figo 199 Jeplith 1 Ay}, Swarming 5448
biofilm #4350l §A3] A vepdem (Fig. 18b), ¥ <d-+9 Fx w590 ATCC
350849k ATCC 141268 2  swarming A3l V. alginolyticus 9% V.
parahaemolyticus H.the biofilm & 435 o] vigko ), non-swarming bacteria®th+ #
& FAE FASAY (Fig. 18a). 5 79 e8] #5E1te] vl FR 2, FT 1

1A WA e $AE delon], 53 24 Azlel FR 2 @34 3

22 e (Fig. 19).
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—— VC

257}

201

1.5

Ag00

1.0

0.5

0.0

1.0 —* VvC
—O0— VH
—v— Van

08l —v— Vflu

0.6

As00

0.4

0.2

0.0 . - - -
1 3 6 12 24

Time (Hour)
Fig. 18. Kinetics of biofilm formation of various Vibrio spp. and other bacteria.
(a), swarming Vibrio; (b), non-swarming bacteria; VC, V. harveyi ATCC 35084;
VH, V. harveyi ATCC 14126; Van, V. anguillarum; Vflu, V. fluvialis; Etar,

Edwardsiella tarda; Eco, Escherichia coli.

_85__



1.0 1o ve
—O0— VH
—v— FF8
08}
0.6 |
o
=
o
<
04}
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Fig. 19. Kinetics of biofilm formation of Vibrio harveyi.
VC, V. harveyi ATCC 35084; VH, V. harveyi ATCC 14126; FF 8~FT 1, isolated

strains.
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3. V. harveyi®] o|AY AE§

Heto] HAw 1 % agarosed
A= Table 149 v}elf At

M= 18 AIZE ool HEE Ao, HAl A

FR 1, FR 2 @ ATCC 14126 FollAut 48 A7+ vk &

Wl Aol 7t7be] S

Bl

shabsll gkt

Table 14. Growth of Vibrio harveyi in the fish mucus agar

=
=

?lske, el x4

v} ok 3k

ey w2 o

Ho g 2= v x| M= FF 8,

Olive flounder

mucus agar

Black rockfish

mucus agar

FF 8 +°
FE 10 -
FR 1 +"
FR 2 +"
FT 1 -
ATCC 35084 -
ATCC 14126 +"

++

++

++

++

++

++

++

++, growth in 18 hours; +", weakly

growth in 48 hours; -, no growth.

Olive flounder, Paralichthys olivaceus; black rockfish, Scbastes schicgeli.
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Ao Uig V. haveyio] 258 A4S, G2 A adsy)

g Aelth W Aol E wliF A9d wE dEe] 4EsA 24 4

AR, AlF b FollA B Ao B2l 59 FR 2, FF 10, FR 10] 7% %2
AAES B =9Ee 84& FR 2, FF 8, V. anguillarum, FF 10 2 V. fluvialis

% A9 RE ATL At BE 94 Uelde] 45 24D AW, E

coli®] da2 AA A V. alginolyticus 2 V. harveyi ATCC 14126 A& =~ 2

32

ov, ymA & At F28knh vharto. g2 delmlol @4 oo ME%
= Aot AREE 5 e Bl dFvte]l FAE 4 A%y, 1 oo]9e Hae 9

T

A& A} tilapia A JllA] 22 Fo] 71A

il

& 3% FR 29} FF 8 0|9
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Fig. 20. Survival of isolated strains and reference strains in the fish sera.

Olive flounder, Paralichthys olivaceus; Black rockfish, Sebastes schlegeli;

scabream, Pagrus major; Nile tilapia, Oreochromis niloticus.
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4. V. harveyi 3Fto] WA e Me) R wiSolF wWel sl v]H: 3
41 def g

Table 15v= V. harveyiol] 2kl WAje] ez wistsE didstr] 9ls) %43
haematocrits, hemoglobin, glucose ¥ total protein2] 2 #}E el Ao|t) FAL 7
A F VC AEA9 glucose Fievh F7HsE A& Aelatw, A8 V)7 yil 5 f
TR FR 29 H[E# FF3 VC A @A7oX {3 HstE 2

0.05).

Table 15. Hematological changes in the olive flounder, Paralichthys olivaceus after

injection with 2 x 10° cfu/fish of the Vibrio harveyi strains

Ht (%) Ib (g/d®) GLU (mg/d¢) TP (g/xd0)

0Od 27.8+0.76 4.3720.15 32.3%4.21 4.41+0.30

Control 26.3&71.715 5.99%0.05 : 37.8x3.15 | 37()1i030

1d VC 25%+2.65 6.27£1.75 29.0x2.71 4.76+0.67

FR 2 25.3+£2.08 5.16%£0.27 28.112.52 4.39x0.16
C()rritl:()il 24.7+0.58 7"47.387:%1.38 30.%%;‘5.08 5.40i().6”1m”

3 d VC 26.2%0.76 6.10+1.05 29.3+£3.41 5.36x0.86

FR 2 25+2.18 4.71+£0.93 26.41+6.56 4.44+0.37
Cor;trr(i)ilwwgliZi3‘55 773.7807‘7_?0.44 266i370 4.55it7).3w8ﬁw

7 d VC 27.211.04 3.71£0.58 57.8+11.51° 5.40x0.49

FR 2 31.8+£1.53 3.63%£0.61 26.57+5.33 4.49£0.13

VC, V. harveyi ATCC 35084; FR 2, isolate.

', significant difference from the control, p < 0.05.



42 9 ysozyme 4%
V. harveyiol il A9 vISolH Ay el s)se wEey] Astel, 5y @7
9l FR 28} =8 52 VC (ATCC 35084, V. carchariae type strain)Z 2 x 10°

cfu/fish2 E7} FAste] 0, 1, 3, 7 LAl HA lysozvme s FAs A (Fig. 21).

LA s FEeh vMne #F H v A9 /0 W MRS Fo% ol F B
ol#) @k, V. harveyi ZFhol el@ WAe) WAl Aol viAE S e AoE

kel

ENER Control
Ve
FR2

600

400

200

Lysozyme activity (units/ml)

3 7
Days

Fig. 21. Lysozyme activity in the mucus in the olive flounder, Paralichthys

olivaceus after i.p. injection of the Vibrio harveyi strains as 2 x 10° cfu/fish.

VC, V. harveyi ATCC 35084; FR 2, isolate.

y significant diffcrence from the control, p < 0.05.
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3. ®Ae] ity

Fig. 220 V. harveyi Gl FAE H29 HA Hats& UEIWHA

of ulse @5 F ARl HE /12 Wl WETs

V. harveyi 7F@o] W&o HA Aol viAes G
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7.8

1 Day

Number of bcterial cell (Log)

-~e— Control
—o— Ve
~v— FR2

o1 3 6 12
Hours

Fig. 22. Change of bactericidal reaction of complement in the olive flounder,
Paralichthys olivaceus serum of i.p. injected with 2 x 10° cfu/fish of the Vibrio
harveyi against Escherichia coli.

VC, V. harveyi ATCC 35084; FR 2, isolate.

_94_



44. off T4l AAixze &4 b

Fig. 23 V. harveyi 373 2t W x]9] NBT #ibsS S4¢ doz, 48 7|3

Wy =8 30 FR 2 FAbfolx 52 &4E& FAsts e, vy ¢33 VO

FALFA M= AR T D3 3 DA YA Sbstth 7o Aol Eateh fARS
FEox "o

EEEE Control .
0.25}F T2 vC
) FR2
0.20 |
*

0.15

0.10

0.05

NBT reduction (ODg30 nm)

3
Days

0.00

Fig. 23. NBT reduction of phagocytes in the head kidney from the olive
flounder, Paralichthys olivaceus after i.p. injection of the Vibrio harveyi strains as
2 x 10° cfu/fish. VC, V. harveyi ATCC 35084; FR 2, isolate.

", significant difference from the control, p < 0.05.
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5. ECPs &A%
5.1. Proteolytic activity

Fig. 243 5 7o) el #5792 /)9

HES

,-;J‘J

Foll A #egt V. haroeyi ECPse) &

A g8Ae FAS soz, oA 53 3 s FAS i 80 ColA At B
W oarss pdete] B4 - ¥laskch 1 23, 2 e FE g 1,000 unit o] &
o] vre gdg Wl Wk, 5 /9] ¥ dFES 20000 unit ¥ H FAHE Y
el Slch o] 5 5 79} dF el 1uhA] & ztolg Kol 2eker, FR 13 FR 2
s A9 BE dFolAMe ofA B dFet 54 BRE AT 24 Aoyt v

e VC

[}

=
=

FArsF

(ATCC 35084) 7} @okow, ywz +F
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Fig. 24. Effects of three times bacterial passages through fish on the production

of Vibrio harveyi ECPs in the tryptic soy agar. ECPs activity was detected by

azocaseine method. Protein concentration was measured by Bradford method.
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5.2. APlzym kitol] o3t g4 &

oX

Table 16© 5 7o 22 #5792 Ao @& FFENE FEF ECPsE APlzym
kit HE3he] enzymatic activitys FA S Aol Al 5 EF alkaline
phosphatase, acid phosphatase 2 naphthol AS-BI phosphohydrolased] A} %438 o

EFLH 2 esterase, esterase lipase, trypsin % a-chymotrypsinel A= 5o wep o

kst Al YElton, T1 919 ghd teiME 4 WS B
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Table 16. Enzymatic activity of Vibrio harveyi ECPs in APlzym kit

ATCC ATCC
35084 14126

FF8  FF10  FRI FRZ F11

Alkaline phosphatasc - + + + " + + +
Iisterase - - - + - - 0
Iisterase lipase - - + + ¥ - + 4
[Lipase - - - - - _ _

LLeucine arylamidase - - - - - - -
Valine arylamidase - - - - - - -

Crysteine arylamidase - - - - - - -

Trypsin - + - + + + +
a~chymotrypsin - - - + + + +
Acid phosphatase + + + + + + 4
Naphthol AS-BI . ) \

+ + + + +* 4 +
phosphohydrolase
a-galactosidase B — - _ _ _ _
B-galactosidase - - - _ _ _ _
B-glucuronidase + - - - - + -
a-glucosidase - - - - _ _ _
B-glucosidase - - - _ _ _ _
N-acetyl-8- .

— — —_ — + ¥ — —

glucosaminidase

a-mannosidase - ~ - - _ — _

a~-fucosidase - - - - - - -

" weak reaction.
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B
o3

i

V. harveyi ECPso] theFgk o220 oo gt 8353 waate] Table 179 1)}
Wtk V. haroeyi ECPs9] 8852 W9} A2z 9@ &7 dodd s &
BlaLA wekow, wojeh "elyolol M ojuld daol AR §3o] HaE Yoz

Uk HHo BAF B FYSE 2o ol LYtk iU wie

c 2 he) FE AFe bR uE 88%S BYon, 5 e e dFelMe
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Table 17. Hacmolytic activity of the Vibrio harveyi ECPs harvested after incubation

on the blood agar for 24 h

ATCC ATCC

FF 8 FF 10 FR 1 FR Z 45084 14126
Olive flounder 1:96  1:32  1:96 148 1:96 0 1:16
P;E:ii\t:ed 1:24 1:6 1:16 1:6 1:8 1:1 1:4
Black rockfish 1:1 1:0.5  1:0.5 1:1 1:8 1:0.5 0
Rockfish 1:8 1:1 1:8 0 1:4 0 1:1
Red seabream 0 1:8 1:16 1:8 1:32 1:1 1:1
Black seabream 0 0 0 0 1:8 0 0
Rock bream 1:16  1:16 1:8 1:16 1:64 0 1:4
Fat cod 1:48  1:12  1:32  1:32 1:24 0 1112
Mullet 0 0 0 0 0 0 0
Nile tilapia 0 0 0 0 0 0 0
Rabbit 1:128 1:128 1:128 1:48 1:64 0 1:6

Olive flounder, Paralichthys olivaceus; Finespotted flounder, Pleuronichthys cornutus;

Black rockfish, Sebastes schlegeli; Rockfish, Sebastes inermis; Red seabream, Pagrus

major; Black seabream, Acanthopagrus schlegel; Rock bream, Oplegnathus fasciatus; Fat

cod, Hexagramnios otakii; Striped mullet, Mugil cephalus; Nile tilapia, Oreochromis

niloticus; Rabbit, New Zcaland white rabbit.
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5.4. In wvitro cytotoxicity

o4
N

o] #ef o] CHSE-2149} EPC cell lineoll thsh V. harveyi ECPse] AfE =418 2

A

)
!

&tad Table 189 eIt CHSE-2149] A9, %% (250 ug) AE AG-rFolAMe
12 A|ZbAel FF 83} FT 1 oA Al wiAdo] vhehlr] Alatstel 24 Al gbalel &=
FR 13 FR2 #77b4 Al HAdE dozla, 72 A= 100 g HE Aol A
% FE 8, FR 2 2 FT 1 oy A2 A avs vepidoh 2 7o) 3z w59
FE 10 #olAe 48 A7 Al WS 8 doy]A E3tdth Wi, EPC
cell lineol] gk V. harveyi ECPse] A E ZA42 gle 202 el

Fig. 25& FF 8 39] 48 A|7bs) A#Z, ECPse] ¥ o] wa} )z (Fig. 25d)l)

alef ek A b &at

i

HYr}
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Table 18. Cytotoxic activity of the Vibrio harveyi ECPs

ECPs of Vibrio harveyvr strains

Cell line hour conc. ‘ — ATCC ATCC
FF 8 FF 10 FR 1 FR 2 FT 1
35084 14126

250 ng  + - - - + - -
12 h 100 png - - - - - _ _
25 g - - ~ - - - _
250 ng  + - + + + _ _
24 h 100 pg + ~ - - - - -
25 ng - - - - - - -
CHSE-214 —— -~
250 ng ++ - + " + ++ ~ -
48 h 100 pg  + - - - n - _
25 ng - - - - - - _
250 pug ++ + +% 4+ ++ + -
72 h 100 pug + - - + + v _ _

25 ug - - - - - - -

250 pg - - - - - _ _
EPC 72 h 100 ug - - - - - - _

254 -~ - - - - = -
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Fig. 25. Effects of cytotoxicity on fish cell line, CHSE-214 with different

concentration of ECPs of the Vibrio harveyi, FF 8 for 48 hour incubation.
Cytotoxicity activity was determined with microscopic examination. (a) 250 sug,

(b) 100 ng, (c) 25 pg and (d) control.
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5.5. Siderophore A1 A5

Fig. 262 V. harveyi ECPs9] siderophore #47%5S #4943 A=, 1.5 % NaCl 3
7} wjz|e| A} £33 ECPs (ST)9} iron chelatorg! 2,2 -dipyridyl2 100 pM # 7} & )
AzRE #3539 ECPs (DPSDT el Jephnh mE A® @A
2,2 -dipyridyl & #elg %, 793 Z/15 Mo (p < 0.05). FF 103 A28 2E
A& 3357} chelator 2] % siderophore A so] fodtAl 7t e, 53] FR
13} FR 2 #3ol A vlw & %2 siderophore HAl5S #9d = it ©, FR 13}

FR 2 33 Afololl el Abol= {11tk (p < 0.05).

0.6

*

s ST
0.5 | |—=> DP-ST

H o*

0.4

*

0.3

0.2 | ‘
0.1 i ;
0.0

VC VH FF8 FF10 FR1 FR2 FT1
Strains

Siderophore productions (OD 630nm)

Fig. 26. Siderophore productions of V. harveyi ECPs extracted in 15 % NaCl
supplemented TSA (ST) or 1.5 % NaCl and 100 pM 2,2'-dipyridyl supplemented

TSA (DP-ST) by absorbance at 630 nm. CAS assay solution used.
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At AW BE ot alse] H§Aoz A&ste dolv=d, Yy oz
A v wWAAd 1A 5 A 2 d e g3 2ok 3 A mucus surfaced] o]
2, =& surfaceEs Fa| w5 A Z FHQY, A in vivo B} F2, ulR] &

F ool yhgol W@ AY, wiATow Hreel AHAA £aolth Smith, 1989)

o

Mucus surfaceol] o] -2t 2 WS dovje 3 WA gFoz Be Ayt ofF
olx e} (Adams et al, 1983), Vibrio speciesol] ¥t At V. anguillarum, V.
cholerac 2 V. parahaemolyticusg ol 3+ 5lo] At} (Santos et al., 1990, 1991). Surface
g B3 =3 22072 #HYs] o7t wA o = mucus surfacedl] H-2Hel A 7o)
g getE A AEE A ga, FAdoA FASIAY HAs FHs|A s3]

o 2ed ko P o)t HAeln o HHdl= Al biofilm ¥ A%,

alal

HNE FAS Loz FAY # U= 58 To] BAHM, 53] biofilm A5
Aol A Al 34 (o, %59 mucus surface)ol Al W EEE d o] 4 A< model

o] ®t} (Fuchs, 1998). o]¢} & HAHS AH, JFHo2 &3 ZA HUYS A
= S A4S A HAAHE Fopx ARl GHor AAs|orvt e Bl
A0 wEHA Aok wepxd FEE AdEol de MAAdA JFE A A,
HA o= Mycobacterium3t ol &5 A X el APt AE Wi Fxy pHE
H3EA A ol i Algel HAAE JHd 5 UA He Aelth (Clemens and
Horwitz, 1995). In vivo &73o| A o] F4& WA A v dd HAes 1328

=z

%23 indicatorZ (Leung et al, 1994), YA A7 383 2 %237 w

N
F 9

rr

vk o2} macrophageo} 32 s AR UlolA F2)E 7% stk olg A 57 23
=

Wel Al WESZ) e %79 o) 1S AsSAY Wehse F

X
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dch vlAte Lol AP 4L sl WAz, WA /% paw g
o] weo BRSO Eh=d, E coli®] hemolysiny}t  Pasteurella  hacmolytica 2]
leukotoxin o] w3 A et} (Binet ot al., 1997).

Boopo M= Yaop £ujEge V. harveyi TFES 99 THEAA HAHS &
olstgdth. Yo st LDspe 1.24x10°~1.36x10° cfu/fishe FR 2 7] gl 4o]
A b, zuEere] ek LDsye 3.24x10°~58x107 cfu/fish2 FT 13 FR 2
w5l WAool 7 sk th Santos et al. (1988)2 Acromonas strain®] % A&
ol A LDsy A2 @Rste 71828 Arsgsd, 1.7x10°~1x10° cfu/ge  highly

virulent, 1.4x10°~1.8x107 cfu/g-& moderately virulent, > 10° cfu/g non-virulent

strain®. 2 ZHE3to) weka 1o} vFES R ¥ odf, FR 2 g o] mje gl
Aog AztHY, 53] zIEed digd Aol w2 AL o 4 Ao

Soffientino et al. (19997} V. harveyiZE <209 7FEAIZI 100~200 geo] summer
flounder, Paralichthys dentatusoll A R 313+ LDso] 5x10° cfu/fishz v]$ 748 WA
< Rt} w3t Zorrilla et al. (2003)0] 70 g9] sole, Solea senegalensisel} A X318 V.
harveyi LG-14.00 straing LDso] 2.1 x10° cfu/fisho] a1, ECPs2] LDsp2 12 pg /fishZ
WelAdol vl ot ey, & gFES HAdgol gAY wf§ vol, o (He
Holzh Wl & Aoz etk B AFAAE ol BE Hele) Holsh W
Ao uvegton, 28 fefol W F 50142 glv Ao duHid.
HAA 7149 A #BEQ adhesiong ZA sk thaksk Wl So] AukEo] HAA
Mol 58 AAEA B A¢7F HoA T Atk 538 V. harveyit 3%
ol v FAE V. alginolyticus®] 739 AE EW 2] hydrophobicity7} 54 )
o} AHa FaBA Lol WalA ik (Balebona et al, 1998; Lee, 1995). ~1e]u,
Lee and Yii (1996)% thobdt W o g Vibrio 2] hydrophobicitys F4$ A3, F

A el W& o)k Fowm ol5 Alole] AuAE vEhuA Fkdar stk o
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B oS & shA wHoRE A HAEE 4% ¢ oglon, v e ag4
o owE gor ZAE stain® RE g uelA £EA0% HA Uegonz

Fug ¢ duar . 2 Aol s MATH

g
=
=
wn
>
-

i3
=2
x
1o
i
&
N
)
Bu)

© Ao wdE At

Profeus 39] A3F-& swarmin Tog Wl o7 v pWo|A] biofilmE ¥4

aQ
o
of

A olsgozy o7 V) tE B3 PP FAA Ha Aewn, olg A
Agko) yAA 7)#e] swarming 5ol ZLA Frejgrha de)x vk (Mobley and
Belas, 1995). B - ZAulo| X% V. harveyi®] biofilm &A% & vlswarming Vibrio

dFsRt e oz Jehdor, 53 Welgel s B FR 2 @FAM /3

AN wE AG FEEe xulEete] WAl 18 Az olule] A ukdl, dxe)

Hool iz 48 Algkol AWk ¥ obgh WS WAstel o Fol met F4wel ol
X

o} V. harveyi2]

o
Sled, FR 2 337 BE off 4N w2 4FeS BYoH, 53 292

o
o
ox!
4‘0
i
2
4
Lo
rJEL
é
R
2
Tj
fo
olN
>
o
12
2
fr
olf
1%
2
ol
i)
&
N
ofy
1o

Al (FR 29} FF 8)ol| Mk Z4lo] = Qich off A YT 5 e 82
WA AT vdd Ads FEE # de F3 indicatorsl HW, Leung et

. (1994)e)) o3t w1 A Aeromonas hydrophilaz} @ elsjole] A A 7|8} 14
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2o g 7bAaskys whHo] Aol Al hydorphilatz A% FHoE AESga . of
sk S48 rainbow troute] cold water diseases RSt Flavobacterinm
psychrophilumol = 5 L3tA veRg Yl (Wiklund and Dalsgaard, 2002). wpeja] B
AMlEdat o]l AW AEsol AT re offel g HAdE ddve s A
Neh Aoz AgEt

olel@ 4% xA WelMe 4EBel dFel Mol fusel 4§F £ on,
V. harveyizh 191 e gxe] vlSelx we whg& ATk ted, V
haroeyi 4R 0% 913 WIS0] A Aol4 ejel WMali glglon WSolH MEA o

Aol ofzt e Ao Uehl, 598 olfe WY WS WHT FES of

olsel A el AYF WAAE oF 2ol AWAA £ Yo HEH

=
)

Itk V. harveyie] WA Z1Ato] tig At F, b 2 el
HEo] Sl Aol ECPse] HdogA, opd Adatge] v V. harveyi®] ECPs

L2]sle] g 2 S g ool FALEE 3 fefst #HALS <9181, protease 4,

0
ol\

&8s 3 ME 54 T3 o A #dAS dFske] HeAde o <
ze) st d-g F93AY (Liu and Lee, 1999; Zhang and Austin, 2000). Montero
and Austin (1999)= 78 % Penacus vannameiol A 213 V. harveyi ECPs”} rabbit,
sheep 2 donkeye] dolo] W3 {58 7}1x|W, Nephrops morvegicus®] cultured
Uedga g wa

Zhang and Austin (2000)& V. harveyi SAA Ao} ofjFo 713 43 58§ Bl

haemocytesell thsll HE 1 A+ FHE 23 Ax =54

ru;o

VIB 645 337} Atlantic salmoni} rainbow trout A& Lo 3t &850 714 &%
ba sgch B ARAAE kg olf, 53 WA delol g fA%D o &
# 73 MAEQ] CHSE-214914 9] ME SAdo] &A=t 2euh, 32 AdddA 3t

Faol we olFoR WHW 2y U7 P ¥ A9 vehiA o
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erow], s #deg Hl WA Aol elM® Fx ol HisiM e w-

|

o wgAY =g wre) wise #rele] FHT Aol glAdch webA V.

|~
Ol
iL

harceyio} WA A1o) gl PlAE QP anA A 9% Ao Az
e, % @Eeh sy @F Aol A% H4d Zolzk lol, V. haroeyiel
B A B A1 Bel® Ao 47hsI ok

}
3 25 sy yAddTe] Adel B At species & strainsel] upe} bk

Al drebuy, AR o Al M T B AR A8 Aojgte T =E W
o] 1}2 31 9t} lgarashi et al. (2002)y= Edwardsiella tarde®] =2 59 vl5¢ o
F5 pR&o siderophore MA%EL =AM A FEd {o)4ds Fstd

siderophoresl E. tarda®] W Ado]l A# #AIE 7Idga Btk Owens et al
(1996)0] V. harveyiol %= 413+ AE wHadlg ], 88 /e AN #F F 784
ol A siderophore’} A E o] L33 F& Falo V. harveyic WAL T8
s, a9t oF fele V. haveyits M4 o Aw #AE e B
ool AR ME H AW ZANA FF 10 #3532 A9g BE B d5dA 3z
dFHT F23HA F& siderophore AAFS RHAOH, 53 WAl HF w2
Aoz ey FR 2 737 7MY ¥ AASS B, V. harveyie MU EEH
siderophore?] A A5 #HAo] g AOE AZEAG
olskoll A, V. harveyiz} ¢} ZIEete] A JehlE A& &l FR
l:g

2 ol 55 5 S29e Wtk V. harveyizh ol2l@ MANE Yol HYe

B AT B RAelm o FHAAN ofF P MEF Yoz FANM &7
gz AE + Qe Ao AARY. oA BYB dRe @3 dAM v T

A3 EA% 4 2ol 7 AdH WP FAL st Aol WA A2l F2
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olgt e el Ho g Rolr) ol@lA ZAE Al ECPs2 Hujslo] 4z X
g wiotol ol g7 S50 el wmAS Rajaln ME %4¢ doA AHA
)l &4E 7tele Aog FFHEY. olek to] V. harveyio] R e 54 5E

apel ofsf Welgol AHE Aol obel olgel WY /Aol Wal WA
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V. ok

1. V. harveyi Azt o} st LD (1 FY)2 1.24~ 10°~1.36x10° cfu/fish& FR

[‘J -E

2 el WMol /% Astdon, zslwetel v LD (1 FU)e 3.24x10°~
s

5.8x107 cfu/fish& FT 13 FR 2 3 9] o] 713 Atk V. harveyi ECPs2l
LDsy (1 F)2 JdxolA 399573 pg/fishE el o, FR 2 #2] ECPs7} 7}
g A 525 VAR los ARG el ECPs B 2 o] FE oA

= oA IAY vl okgk Ao xAbE ]
2. V. harveyi A 37 9] hydrophobicity= MATH AJgo|A] FR 1, FR 2 ¥ ATCC
14126 7oA =A Ve, SAT AldolA= FR 2, ATCC 35084 2 ATCC

1412600 4 =4 =4 At

3. iAol 743k FR 2 ##39] biofilm #4500l /1A AHHoZ FL2 -2 UEhY

= 3E s L=1
Ak =G V. haroeyit AL FUG JUN0R olg3tel FHY 4 glow, o
FE olFe) B UeN Y- FHT F AR

4. -2 v} 2 dFolol A B ® V. harveyi= FFE dFol dlE A3 E&
ECPs®] proteolytic activityE 7}211, x|, A=2%], £7] o dHo gt &£H5S

AE, oF frelel T8 MEI CHSE-214e] Ha HE =42 B

&
®
5
%
<

harveyi= siderophore® A A3l=tl, 53] FR 13 FR 2 #FolA &4 veyt
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SAe HolmAl HAEl s rele] $R 8l iR FrldlA fdlder FAEE
At #eld 5 Aok o] AdAE oA Vb Aspet A@) fAsHH 2AE T

g V. carchariae®)-S ¥rg o}, V. carcharicet= B/ AH 082 V. harveyi®] junior

—

synonymO. 2 AW E 1 (Pedersen et al., 1998), ol & o] V. harveyi type2] 53R
luminescenceE = x| o}l non-luminouos V. harveyiz FEEATCE o] F FE&
Pedersen et al. (1998)°l] eJsf shipel Fog AP R, V. harveyi type
L FE FHs FEA, Vo ardariee typed o]f{old  AWE do7|H,
luminescence H§F AAol Mnt g vl =sE - of e JHNM o] F F
o wAE Asiae Badel e Ao WA =AU,

woAweldt doehd, daetd, fastd Bag B 489 548 Axad
o0, 165 rRNA 7] vfg BEMS B3l V. harveyi typeR.td V. carchariae typeol] T
7Phe S WEd Yobrt V. harveyivhs A EEA 38 4 e AsE &§F
key2}t 165 rRNA PCRH-& At dt. V. harveyi= V. alginolyticus 2 V.
parahaemolyticus9} 165 rRNAZ} wf-§- FAFSted, o] FAHAE o| &8k Vibrio species]
A& AGH)ME ol =2 ¥dth FH 5o, V. harveyid] 7AES 9 2P
165 rRNA Hdzx REAAM AZE primer7t LR EHAOY, o FES ¥ V.
alginolyticusS WA= Fach wepr 2 PCR ro] FAHo =z 7hHst 4

o] 7}5d Zog Btk
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4aE Wabst B 5 keyd PCR FAWS S8aled WAl Ao V. harveyi ¥ I

2 zAst Ay, g2 (89 9%9) w4 AA Vibrio sp. FollA V. harveyiv}
AASE vl go] BT Zrhse A4S % 4 AU o] A7e] £ 77 2283
249 C2A, o] 21 ColAd uw V. carcharige2] 'WHo] {53ThE H I
(Soffientino et al., 1999)9} ¥ Aol At A o FHo 7E Y1k 9 IH HEo]
Z7 8 A AwAo]l Z Aog AziETh
V. harveyit= th2 Vibrio sp.ob tto] #dAdl Moo=, 5 sfe e oFe 2 MY
Fx g4F E5 7 % % wrolA AdAddorn, T4 X 37 ToA A4sA
40 CollM e Qe katdrh V. harveyio] A A4 £33 % NaCl H7}
WAl A 30 T wjeksts Aolth B e usesld §EHoE Felw
= V. harveyio] EAdo] & 5ol 23 T4 HEHuE swarming & F o)t
biofilm3} o] A& FFg nAle oy JAAEC] #AYS Aoz Y494 V.

haroeyie] ECPs %212 $lalAE 15 % NaCl 27} TSA wjx|olM 25 T, 24 A7+ uj

e & pH 809 bufferS AHE3te] Relah Rol /by XA A% % 4+ AN
ECPse] @& AR serine proteaseo]™, cysteine protease’} +8 &< A% fH
V. harveyi typests Folsh Wtk old@ SHoz 2 @ B AY FFIb V

carcharige typeQl RS AA3F Aoz dtEth I3 luminescence AP A= 5 7))
o] By FF BT 2402 vehd B By #FEE5o] V. carchariae type strain®d-&
o8 Hukds] FAok. V. harveyiol 71 2 54 F9 Q) swarming & 1.5

% NaCl H7F TSA szl A 7bd dstion, shtel

—“A

AR (polar flagella)= 4
A B7ANA £ Aol swimming activity Wb @] #AI7F AojA L W o
Mol lateral flagella7} A H= AL At oleist A& V. carchariae type
straino] ¥ Ao 8 el on, t]Lo] lateral flagellad] % #o] ME ThE Al

Fof 2= o] #AHHo ©E swarming bacteria®} FY3A AFE T
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comunicationd] T3 5w o)t (Belas and Colwell, 1982). V. harveyi2)
A ghelde 50 kDa 712 major proteini} 5ol wpzh AFojstAl vhEfuRE 40
kDa H<te] band2 EA S = gk 5 /el #e] +F+5-8 protein patterno w}
2} FR 13 FT 1, FR 29} FF 10, “18]3 FF 8 #52] 3 groupl.& &g 4 USdth
V. harveyi ECPsi= 34 kDa®] major proteing 7} AW 5718 zfoj= #olg 4=
A
BoApgol M= V. harveyivt WAALES sk HAS ARt HA4G V1 S
7FA Aol grFeo) BAstaial shqivk WA V)bl W ot ol del, gAlek =
AAA HAALS et 1 A, g WE LD (1 +L)2
1.24x10°~1.36x10" cfu/fish& FR 2 #5¢] LDs (1 F)gko] /b3 wgkar, 2@
of W& LDs (1 )& 3.24x10°~58x%10" cfu/fish& FT 13} FR 2 #5¢] LDs (1
Fd)gtel 71 vrdth 53], FR 2 it S8o) o ek slow AzhEv, 24
2eto g Aol o Htdh e, el whE F Sol4dR fle HoE W
whe A
V. harveyi®] W44 28 2 @Al adhesions FA3}7] 913, MATHS} SAT -2
o}-& 3t} V. harveyi®] hydrophobicityS At 5 A8 Wijel wpE #AArr o
2842 eko} V. harveyio] g HRE 4 td¥ e e, FR 2 ¥

ATCC 14126 #FAME F 7b2 g BSoM 5 £AF 1A o § #579 &

o,

FAL M B HAow FAHAY. =& V. harveyiol biofilm A&
=

V. hareyie A9 /A9 PP AL 5 Ager), dId oFe) 43 )
%

AAE F4stedch Aok ma BTl FAol W3 S5 A3
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Lo zujrete] HoAola 18 Ak ool FAEH o, W] HHoA= FF 8,
FR 1, FR 2 9 ATCC 14126 o ut 48 Algte] 2wk 5 Heks A st V.
harveyio]l o}5 &3 W) AEFTE o2 A sl BlE) e £ AR FAEA=
o, FR 2 7571 5 off 8AoM 2 MESES Heon 53 xukete] g%
o e oFe dAHol wis| e T2 AAskeE soo] FaAAN HelAel
748 FR 29} FF 8 w5+ S uolA F4eE Zol AUk olest Aue
haroeyi®) WA 712t o] A oA AEFol AA 7| slew AdEHA
}.

<
g
3
3
N
N
2
o
ku
0,
L
B9
Jm
o
i’
2
2
ox
g
12
~IZ
Lz,
ole
10
3
ok
rir
£
i
lo
)
z
dm
L
Y

o

V. harveyi®) olF Z Ao didt @A &4 AFE ARG 23, oF fd F3)
A Q1 CHSE-2140 A 2] Al Aol ghelxg]om, FR 13 FR 2 stFo A& vlulF
%2 siderophore M4 F3o] e Ao vebdch wels 55 2FH FH s
8

g3l 43 AT JHH £48 Y Aoz 4w,

W

- Z2)8t V. harveyiv= ECPs2]  cytotoxic activity 2 sederophore AL S8

-

Hoolqto A= A 5 o799 V. harveyi RS S o8 Bt on, o] A
Wol elalo] thgh A3t BF key ¥ PCR zre] YL Actatdoh &= V.
harveyi @) vl ESA SAS wela A4 <19 3G AFAME AA g sdd
Z4og AAsEE AL BFAoH, Yoprt ol WA 7S sjEEtaat &

Aok V. harveyizh AW S Aol 7)A2 Hold biofilm 45 Tl =

1

=
of Q@ 7|+ B&AT & ol ol HYste] A SolA FTAEE sHol HAF
o2 ®elth ofx WollA 28 o] 5 A& cytotoxic activity % siderophore 4F

W5 R BCPs 84 Fol 7 2400 AHHY £4 ke Ao ARE
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BoREe AT R Az Bal L deler A shgo) AN R ARy, B

23, ol 4F o F242 JEn Adels olfE oigow, Psd Ay 9l
e walwA sdor Pelw WA vdEGH - oty 54 pABt of

Anlel A ot} ot g A g W EdE vpdstarat spgivh

1. Vibiro harveyi®] %3 2 3

19993 o832 olF, $2] ugl sfgo] FALeAM dAsts Awel AdArt V.
carcharige 1% W3tk el BFeH o2 V. harveyi®] junior synonymO 2 |
W5 o], o] ™) V. harveyi type strain®] £7¢] luminescenceZ =2 ¢t E48 wh
o3t} non-luminous Vibrio harveyi® FRE &Gt w3 V. harveyi®] Hisia 2
& e slsl, WA Aok keysh 165 rRNA f-a7be] 5o primers o] 8¢ 2
g sl oy, olE wg oz YA A ol V. harveyid] BEXE TALS
A, 5-108747 A%How Relsvl, waeslel 8 omel Ad Viio F V.

harveyio] ¥l go] FEshE AMAS g

2. V. harveyi®] v &5 3H 54

V. harveyive Q% F% 3 % <% 30 CAA 713 & S840k ECPs A2 15
% NaCl 7} TSA wj oA} 25 C, 24 A|ZF vjF3te Ao] 7 HAg Aoz e
wow, 5 /) By #5292 FQ ECPs A#-2 serine proteaseZ ¥t&H v} V. harveyi
o] E#<2l swarming &% 15 % NaCl 37} TSASA 714 sl o oo = o

A 7F AolAa polar flagellast @8] #1 & lateral flagella®] =7} Z71stdct. V.



harveyi type strain®] 7} £ 520 luminescencess VrERUA] 9FStTh V. harveyie]
A ehA e 50 kDa F-+1¢] major proteing 7Fz]a, e w2l 40 kDa A o
x Fo]dt band patterng Rl om, ECPs w42 34 kDa<2] major proteing L} E}

SRS

3. V. harveyio] M4 713}

V. harveyit= YA 9 ZuHeto] WAL /e Aoz ZANEAEY, V. harveyi
el g WE LDs (1 52)e 1.24x10°~1.36x10° cfu/fishg FR 2 5]
LDs (1 F)gtol 7% wokom, zmEete] ek LDy (1 FY)& 324x10°~
5.8x10" cfu/fish2 FT 13} FR 2 39| LDsy (1 FY)gtel 718 @tk V. harveyi
ECPse] LDsy (1 )& gxlolA 399~573 pug/fishz et om, FR 2 #3539
ECPs7} 7} v LDs (1 F@S Rtk 2 e Fx d5ofAs A3 ECPs

w5 agel gAY g otd 4

>
o
tu
kN

ARSI RLTE. V. harveyis= biofilm & Al 50|
o}, 44 AES AEHD F od A FF PAe 2 5 o, of HAeA
off U MIE JAAow FAsk &7 AW AAT T AF Wl 4
T dnh olFA FA3 dAe ECPsE #Hldte] 52 RE 25 wjdtol o] &84
Go%Fel ol @uAg Ralsty AX S4% LoA ABAY £ sete A

o2 At #Edh
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