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The infection characteristics of Vibrio scophthalmi isolated

from olive flounder, Paralichthys olivaceus

Su Hyun Kim

Department of Aquatic Life Medicine, The Graduate School,
Pukyong National University

Abstract

Recently high mortality of..cultured 'olive flounder. occurred frequently
at the fish farms in Ulsan, Korea. The diseased fish showed skinny
body and  swimming behavior on the water surface with liver atrophy
and white enteritis as internal 'signs. The isolated bacteria was
identified to. V. scophthalmi. by biochemical test, nucleotide analysis of
16s rRNA and ‘dna/ gene sequencing.

The pathogen of ~this study showed ' strong - pathogenicity as 75%
mortality to olive flounder by “infection of 1 X 10° CFU/fish. The
pathological sign of diseased fish was not different between the
naturally diseased and the artificially infected fish. Histopathological
change was shown to liver atrophy, desquamation of the intestinal
mucosa and hyaline droplet like as other previous studies. V.
scophthalmi showed some positive effects on the other bacteria growing
during coculture and nurse culture test. It will be contributed to a

cofactor as the mixed infection to olive flounder.
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st 48 Ald. 16s rRNA 3 Dna/ geneZ ©]&qt F7] Al

Vibrio scophthalmi® =738}ttt

V. scophthalmi= ~3|19] At B30l A& UolA & F2d Ala
L olz, ste] Aol AEHglen, AAE dAle] AT % A

Hol| 2 FRoAME =2, RS, 7I3A0| 229 v} A} (Cerda-Cuellar

et al., 1997. Montes et al., 2006; &, 2006: Sugita and Ito, 2006).

7} (2003)S 2001 6UE} 2002 5UVHAl A B RAS Q5] AE
T Y EX YA HAORRE 5 2dtal dEH Vibrio sp.& At

Aestroz st 1 A d&d A Vibrio sp. & V.
scophthalmi’t 26.4% % RIX|stH o0, V. harveyi (32%)0] o]o] F YA
2 ol d&HAY. = 20059 3EFH 20061 9B7HA] #Z A9 HA]
Hol2 RALSE Ayt Bl v|H2]e #F & V. scophthalmi’t 45.3%= 7}
7 ol AEEHAT (R, 2006). 20059 FA4b, 23, AFEEo] dR] FAAL
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A Hldl 59 dAd5dE BT (Qlao, 2011).
SHAIRE o] 9 4F F42 & dAtolA Ut Aike
U, V. scophthalmi®]l At &g S7go theh A7 §lo]
=HZ & o= Atrdo
SHA B2 9IS et ez o gieh o] Buoh Qlloh A
oA AR e EXIE FAYE AHFste] AW RUEP S AAlR
2k, FLAPE 22 1,628ut2] FolA oF £ [HAP 22H B8=
33.6%, 2% olde HHAL 24 A= 34.6%= ¢ = (A 5.
2010)
AYSEe Hole BAIRRE ANds Restod Fo Aty HHAR]
Streptococcus sp., Edwardsiella sp., Vibrio sp. =9 % Zto|zAst Ay}
17.1%7t 25 ol9 EddEs Bt 124 230 Hleo] ABAL
2 AtolE YERRlaL, 53] 829 4%+= Vibrio sp.”t AA| Vibrio 4&&
% 56.5%, Edwardsiella sp.7t AA| Edwardsiella sp. 7A&5 % 50%9]
sS4 ES B0 (4, 2003). Qiao (2012)= AHTA AHojr =44
Al 10° CFU/fishollA] 12.5%°] HAFSS Hol= 4lH  Streptococcus
parauberis?t2] "EHALA| 87.5%°] HAtzS EHIFS IS 2 A
SAVLOA ARS - FolEl FR|OA] Streptococcus sp.
sgg@E AEPbYon, Wy 40z & £
oi7t Uepbdet
|Z2At2 S FHESHIA U dAA=
2] 5ol tieh BEA,
AAsHth. %, Vibrio
25t Coculture %

—

oA 8, 108 43
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9 olaf, 7 915, ulA v
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Table 1. Bacterial isolates and reference strains used in this study

Strains Origin Date

V. scophthalmi Intestinal track, healthy turbot

. 1997, Spain
Reference CECT4638 (Scophthalmus maximus)
strains
(n=2) v .
. scophthalmi
P Common dentex (Dentex dentex L.) 2005, Spain
CAIM1797

Intestinal track, Diseased olive
A28003 ¥ : 2012, Ulsan, Korea
flounder (Paralichthys olivaceus)

A28004 Kidney, Diseased olive flounder 2012, Ulsan, Korea

V. scophthalmi
{3 Kidney, Diseased olive flounder 2005, Jeju, Korea

A19006
Tested V. scophthalmi : L . .
) Kidney, Diseased olive flounder 2005, Jeju, Korea
isolates A19008

(n=7)

V. scophthalmi L _ .
A19010 Spleen, Diseased olive flounder 2005, Jeju, Korea

S. parauberis Kidney, Diseased starry flounder
P Y Y 2007, Pohang, Korea

PHO710 (Platichthys stellatus)
E. tarda .
KE-1 olive flounder 2000, Pohang, Korea
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Fig. 1. The typical signs of naturally diseased olive flounder,
Paralichthys olivaceus, infected with Vibrio scophthalmi. A. F.
skinny body: B.C, atrophy of liver, white enteritis; D. white enteritis;
E. hemorrhage of muscle.



2. AW 50| SRR 44 AN
Table 19] Alelwt&of ther etstA A4 dARS ¢ste] 1.5% NaCl 73
7F TSAO|A 27°C, 24A17F AujFst 712 AFE5HTE Macfaddin (2000)9|
Tt2} Oxidase test (Cytochrome oxidase), Catalase test (3% H;0,),
Citrate 0]8% (Simmon’'s citrate agar), Nitrate &%, Kovac’'s Indole
test, Methyl red test, Voges-Proskauer test, H,S A4 =& ¢t
Triple Sugar Iron Agar (TSIA)?} Oxidation-Fermentation (OF) test&
sttt E43tE Eo] A|¥@ O =2A arabinose, adonitol, cellibiose,
dulcitol, fructose, galactose, glucose, inositol, lactose, maltose,
mannitol, mannose, melibiose, raffinose, rhamnose, salicin, sorbitol,
sucrose, trehalose, xylose? © EojsS ZARESTCH. 12]1 lysineyt
ornithineo]| tist decarboxylase Al@¥k arginineof tjgt dehydrolase A]
d& AAlsIen, TCBSEE SS HiA|OA9] colony d4f& ARG &
= Al viA] A& Macfaddin (2000)°] ®§-S mhsict.

3. Al #59 |AX wiE 24

3.1. AM|s+29] genomic-DNAQ] £2]

B oAoA 22J5t #& A28003, A280049) genomic DNAE ZH7F bm
9] 1.5% NaCl 77} TSBo| F&oto] 27°CollA 24A17F A8 wifstict. 1
< 6000rpmoflA 537t A 8|2 M-S A 2 Genomic DNA

—_—

Extraction Kit (Bioneer)S A}23}0] Genomic DNAS E2]5} T}

3.2. Competent cell A=}
Competent cell?] AAS QI3 Escherichia coli DHb02 AH&3HictH

Luria-Bertani broth 8jA] (LB, Difco)o] 4%35}9] overnight 8BSt <



ImlS LB broth 50mlof] &A&Esto] S84 % Zro] 600nmofAl 0.47F H =&
37°C, 3~4A|7t shaking BT 2 flolA 1027F FRIAIZD & A4
22]5to] AojXl pelletg 100mM CaCl, 25mloj] dlErste] 48 294 30
w1 B = oAl A FEstRT. 15% glycerolo]l g7be 100mM
CaCl, 12.5mlo] AHEHSE & AL&37] A7k ~70°ColA masteict.

e

3.3. DNA cloning

3.3.1. 16s ribosomal RNA (16s rRNA)2] primer &H]

B Adof AFEE universal bacterial primer= Eubac 27F2t Eubac
1492R-E& AR5t TH (Weisburg et al., 1991). AFR%E primer?] &7] v
1 5% 4AHE9] 37| Table 20| YEHYI

3.3.2. dnaJ gene®] primer &#H|

Heat shock protein 408 encodingst dna/ gene primere=
805-VibrioMF22} = 806-VibrioMR-S AF&st9th (Nhung et al., 2007c).
AHEH primer?] 7] 8RS E AIEO) 7)== Table 20 UERHUT.

3.3.3. PCR¥} PCR products &=

PCRE& PCR Premix (Bioneer)S A}85t%1, Thermal cycler
(Perkin-Elmer)2 #8530, x£7E& Table 39 UYUEUYTH 1%
agarose gelof 0.01% Etidium Bromide (EtBr, 1lmg/ml)S &3%stal 85V
o,
PCR AtE0) siEste= Fis 2= BFstY geld #AS A5t 2
AR%E gelg High pure PCR products purification kit (Roche)= PCR

2

oA 3087 A7] 9=sF & UV transilluminator ArojjA slhol

productsE XSt t.



Table 2. PCR primer used in this study for 16s rRNA, dna/ gene
16s rRNA dna/ gene
Primer Product Product
Sequence ) Sequence )
size Size
Forward 5'-agtgtttgatcmtggctcag-3’ 1500b 5'-ttttaygaagtdytdggygt-3’
558bp
Reverse 5’-tacggytaccttgttacgactt-3’ p 5’ -gacavgtwggacaggyytgytg-3’
Table 3. Conditions of reaction steps and PCR cycles
16s rRNA dna/ gene
Reaction Reaction
Teperature . Cycle(s) Tenparatue | Cycle(s)
time time
Predaduation 94 3min 1 94 3min 1
Denaturation 94 30sec 94 30sec
Annealing 56 30sec 30 50 30sec 40
Extention 72 90sec 72 60sec
Post extention! 72 7min 1 72 7min 1
T4
_75_
=
A~
a

3.3.4. PCR products cloning
ligase® PCR products@t vectorsS HZA|7 AEFE plasmic DNAE
v|5tgct o]of -70°CojlA HE3= 100p02] competent cellS &A7}sH
(50pg/ml),  X-gal

IPTG

Cloning vector2 pGEM  T-easy  vector (Promega)s AF&5Hil,
heat shock & © & transformation A|ZCt}t. ©0]o] 1mle] LB broth&
S Ampicillin
10ug/ml),

Cl SIS

IARE 302

7tsto] - 37°CojlA]
(5-Bromo-4-chloro-3-indolyl-D-galactopyranoside,
(Isopropylthio-B-D-galactopyranoside, 25pg/ml)o] ZsH= LB agar BA]
stel

o vjsto] AMELE white colonyE AT

3.3.5. ;2= plasmid DNAQ] FZ1} inserted DNA
Ampicillino] A7Fel LB brotho] &3 AN|ZE vjYdsto] plasmid DNAES



o] 9o plasmid DNA mini-preparation kit (GeneAll)&

3.3.6. DNA sequencing ¥ ¥7] A 9] vjuw A
Plasmid DNAS #&%3F & Sanger et al (1977)9] o] T2} model
ABI 377 automatic sequencer® sequencingg AA|st9TE =5 A7)
HiEe] x=ge A7 YsHA BioeditE AREstRC™, NCBIA Al5&H+=
BLAST program® 2 o|u] 8514 Qle #5352 nucleotide?t vl 74
5171 ¢lste] MEGA 4.02 A§atol AE42 I3tk

4. 2 #4539 A9 448 Al
4.1. Ngof

e gAF 2M0 FRR6A A YU AT 9A

o

gotFon g A4S 14.5+0.8cm, A5 25.4+5.

ol 5
ALz &4 § 22 22~23°ColA fFAle 2 Tejsilon], AE A 1

=
A F2| & A28003, A280049F o]F Fe] «3 A190089] ‘Fxlof st
FRHALES FAISCH
A@olt 15% NaCkg A7Ist TSAG] 27°ColM 24x17 vjoyel 7k Alga

= B Aol AEst FHISIRAL S JEHIHA ¥ B A

Uy Aolg @] A3l ANTA LS §2

4 (physical saline (P.S.)& &2 +=2 5T Ohdst s==0] A=
BS oMY 100p) & B3 FAlota FAF & 1447 HAL g A
o

of. Adgols 50L 32719 ot3d 2o Eo 25+£0.5C2 At #2235

el



Alstgon], jY 18] AP BeAZ Hatole] Wi AAS FAsh] ¢
RS

HE5e Hole A o] 3ot2]e] A 7F7]E Bouin's solutiono] M 11
o=y

Fo myNo] 48X17 ¥ wstAch 1 ¥

6. SDS-PAGE
AY #29] whole protein profile2 v]23t7] ¢35 Laemmli (1970)9]
vt 0 2 SDS-polyacrylamide gel electrophoresisE sttt 1.5% NaCl
BHIB b5mlo] #3&5 A&Esto] 27°C, 24A17F djst

tjo

23

&

S
-

17,000xg, 10+, 4°CollA @A =elsto] A5t ct. Pellet2 PBS (0.1M

’

_’]D_



pH7.2)0]l 3¥ AMAst &, 250mg/ml=2 5Xsample bufferof AjHAESIC}. o]
A 100C, 727 EAA F. AF 57} S0mg/ml HES PBS
(0.IM, pH7.2)E Het g 100°C, 53t EAl=slict. x=7t 21 AE
° Ago 1087 vjst £, 50wy Feto] ~20°Co] Bkste] ARGICt

5% stacking gelyt 12% separating gelitof] ZF well & ABZ 201071

in

31, sample running2 mini-protein I system (BioRad)C. 2 30mAojA
907t Als¥stct. M7]9-53t gelolA] whole cell2 Coomassie brilliant
bluez 3A|7tzQt HEAMSH T destaining solutiono]] overnight= gAisH
che shelstoic,

7. oAl ZaA A4

75 A@ 240 UF oL Aad @S dAd gagos A,
1.5% NaCl 27} Brain Heart Infusion Agar (BHIA)BjX|o]] 24A]7F A wf
oFst #+& Muller-Hinton agar plated] 27°C, 48A|7t vijofst & HAJw
AR e x2S &£As5te Aol AE= Susceptible, Intermediate®t
Resistant& S 5EGIT Als o] AFR.E] oA = Tetracycline,
Oxytetracycline;.. Doxytetracycline, Nalidic.~ "acid, Clindamycin,
Gentamycin, Amoxicillin, - Ampicillin, - Kanamycin, Sulfisoxazol,
Erythromycino] 3} t}.

8. HiF Ad

8.1. Coculture

Vaseeharan et al. (2003)Q] HlHo| o2}t coculture AHL AlA|5HY Y.
Table 19| ®A]E A28003, KE-1, PHO710& 1.5% NaCl A7} TSAo| 2
7°C, 24A1F Aot 2, o] w5 Bt A2]A o] 5]AM5He] 1.5% NaCl

_’]1_



< A7Fst TSB 2mlo] 1x10* CFU/ml7} Ee2 &ttt A28003x}
KE-1 (V+E), KE-11} PHO710 (E+S), A280032} PHO710 (V+S)& BAIRE
sto] EFuiYstg L, a2 2 455 TEujYstict v § 24, 48,
72412F Aol Miles and Misra (1938)9] ol w2t vl S ©A s]Aet
t}S A280032 TCBS Hlx], KE-12 SS Hjx], PHO710+&= 1.5% NaCl g7}
BHIAO] vi<fste] @74 Mot 45 ALt

8.2. Nurseculture

A 48 FolM V. scophthalmi®l 13} F2 2XHIEA 249 AL
otd 7] ¢5A] nursecultureES AlA|stSICH, WA base culture A&t
sl A28003, KE-1, PHO7105 1.5% NaCl &7} TSAo|. 27°C, 24A]%t
kst &, o] #2 Wi AgAld2oes]Hds]o] 1x10* CFU/ml7} &=
1.5% NaCl g7} TSB 2mlof] &A&Esto] 24A1F, 27°CojlA viYstich 1

o

2]

S, base culturest w+oHof oky} =Qlst HFHO & 1S nurse inoculation
5ttt Base culture®} nurse inoculationst 2] £&°F &~A]= Table 3
of 7|Xistch vjF = 0, 24, .48, 72A|ZF &jof Miles and Misra (1938)9]
ol whet gl ST 5145 oh g A280032-TCBS #jx], KE-12 SS
8iA], PHO710+= 1.5% NaCl 437} BHIAo| 8icfstol |4 ANt AH+E
Alastict.

Table 3. Bacterial isolates used in nurseculture test

Base culture (A) Nurse inoculation (B)
V +E V. scophthalmi (A28003) E. tarda (KE-1)
V +S V. scophthalmi (A28003) S. parauberis (PH0710)
E+V E. tarda (KE-1) V. scophthalmi (A28003)
S+V S. parauberis (PH0710) V. scophthalmi (A28003)

_’]2_



Aldlof] ApgSE B2l g5 Table 13 o] 20121 54 SArgiAlo] ¢
AISE AL Ata0] dFol=RE Z2siitt. 2 Fe A2
w2l Al 1.5% NaCl g7F TSAOIA & 22YE Ho|nf, 5o mahA,
TCBS Hix|o]lA yellow &2 green colonyE A3t £ SS viA|oA =

FYt 22US 45N, olF & 23T £ 1.5% A7F BHIAO] BifA|
A d2 &Y 22YE SS HiAlo AER Alodl= ARl AT

_’]3_



V. scophthalmi 749} 2215t 2740] Ax 50 Aeter At Al
A1E Table 40 UERQITt. Be] #55E Gram 49 2EHE 7H

t#0 2, Indole AA%, Citrate ©0]8%, Voges-Proskauer test:=
negative ¥+2-& Y331 Methyl red A&, nitrate rH=E positive ¥H-
S Woln RE FF7L YA AW AUk T H9 glucose,
maltose, trehalose, sucroseg #oli5to] positive ¥H3-3 BT it
cellibiose, mannitol, salicin, sobritol, sucrose, raffinose, galactose ©]

850l FF7H9) Aol ®oct.

_’]4_



Table 4. Biochemical characteristics of the isolates from diseased olive

flounder (Paralichthys olivaceus)

Isolates References
A2800 A2800 A1900 A1900 A1901 CAMI7  CECT17
3 4 6 8 0 97 97
Gram-stain - - - - - - -
Motility + + + + + + +
Catalase
Oxidase + + +
TSI A/A A/A A/A A/A A/A A/A A/A
Nitrate + + + + + + +
OF F F F
Indole - - - - - - -
Methyl red + + + + + + +
Voges-Proskauer = = = - N - -
Citrate 5 - o - 7 - -
Arginine + + + + + + +
Lysine - 4 = =~ e - -
Ornithine - = N = N % -
Arabinose - = S = - . -
Adonitol = = = = - - -
Cellibiose +Y + = = - +1 -
Fructose + + + + + + +
Galactose N + = il £ e
Glucose + + + + + + +
Inositol ., - - 5 = - -
Lactose 4 3 = . = - -
Maltose + s + +
Mannitol - - = + - + +
Mannose + + + +
Melibiose - - - - - - -
Raffinose + + - - - - -
Rhamnose - - - - - - -
Salicin +Y - - - - - -
Sorbitol - - - - - +v -
Sucrose + + + +v + + +
Trehalose +
Xylose - - - - - - -

_15_




3. Al w39 471 AE &4

22 4358 16s rRNA® dna/ genel g2 2A3510] oA 44 A19008xt
Genbankol] =50 Q= o8 #59] sequences H|WstAq A+ L
EUitt. & 22 #38f old &2 3 ©5% V. ichthyoenteri®t 717
QAl 7ML JIX T Qlon], 99.2-99.8%9] AFEAHS warh Chgo
2 V. scophthalmio| sl =2 FAMdS Holt, 99.4~99.6%2] 44573
UEM It} (Fig. 2). ® dnaJ geneC 2 heat shock protein 402 HAs}
o B 7S BAMsIYS W V. scophthalmi®t 7PE  SARSHH
98.1~99.3%2] A=AMS UEtJ1, tf20 2 V. jchthyoenteri7t 91~92%
o] F5de ERH (Fig. 3).
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Fig. 2. Phylogenetic tree of three isolates based on partial
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Aol gRlo] tigt Wd/d AF Aik= Fig. 4o UERY ok & #e
w3 o R #FETh 5 ¥dde UEgth 1x10° CFU/fishe]

o 0 AFolA A28003, A28004= 100%9] FA HAMSS,
A190082 60%2] wFAmALES HACE 1x10° CFU/fishe] Ask AP
o] A28003, A28004% 75%, A190082 25%9] +A WALES HF
A280031F A28004 Aol mAtol= HF, AMERE I Aykuleo] P
E|QIT}. A19008 A= Qo] wael 22 F44S Bloy, Ui mAtof
oA E& ool ZAE Boh. mHAre|o] A7|oA FAAIF] AMERt o
Z7F e Qlen, A8 Tt V. harveyZb sAll HEHUS. E
P.S.2 2|t tiEAA = HALE YERUA] &0t

M
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Cumulative mortality

Percentage (%

Days
e A10008-L == A10008-H ==te=AZ3004-L e—we=pAJ8004-H #e—we=AIS003-1 ==0=AJ8003-H ==m—=ps
Fig. 4. Cumulative “mortality of olive flounder, Paralichthys olivaceus,

challenged A19008, A28003, and A28004 intraperitoneally with 1x10° and
1x10® CFU/ml respectively.

Fig. 5. Clinical signs of olive flounder, Paralichthys olivaceus, challenged
by A28003 through intraperitoneal injection. A. liver atrophy with white
enteritis; B. white enteritis; C. skin darkening.

_20_



5

wr
Tor

Jo

p—

K

Tor

V. scophthalmiof|

=3

5%

Fig. 6 ~ 120] Yep

=
=

2}

L H= (Fig. 9)°] LUEHS

]

o]

=
[}

ellipsoid v]% (Fig. 11)

BlgolA otazmA] Ag (Fig. 10),

o,

K

)
zel

~X
"o

. 2E7|H

hyaline droplet 7]

AZolA =

o} 28w

HA

el

]

K
wr
Tor

_21_



Fig. 7. Enteritis of olive flounder, Paralichthys

olivaceus naturally infected by V. scophthalmi.
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ar
'_ is of olive flo nder,

Fig. 9. Atrophied liver of olive flounder, Paralichthys
olivaceus challenged with V. scophthalmi of A28003.
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Fig. 10. Macrophage infiltration in the spleen

it

Nl . s
der,.Pa s ol ' __CP&HGH%G@-_-_WI

S

Fig. 11. Ellipsoid hyperplasia in the spleen of olive
flounder, Paralichthys olivaceus challenged with V.
scophthalmi of A28003.

_24_



_25_



6. SDS-PAGE
R T £ ol Yopuy] YsA. SDS-PAGES ol g
AN

T 1
whole cell proteing EAs9TH Al #+5 25 AA|A O 8|23t band
d gelgzst ohe gxe

7b WEE I 22y 30kDa H-9] HHEofA]

Ohe band 4= B0

97kDa
66kDa

45kDa

30kDa

14.4kD
by SDS-PAGE.

Fig. 13. Whole cell protein pattern of Vibrio scophthalmi
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7. o 754 AR

o2 Fafio] Aldatyol dieh oAl dad Alde AAIsHIT Z& A9
%7} Tetracycline, Oxytetracycline, Doxytetracyclineof] 73st XS
et lod, 718 oFAlo] dishA= Al 5o T2t 8139 xfo]& E3
o}, 22j1 Clindamycino] OisiA= 25 Ald 571 AFEES 71X QA

L Zlo® Uepdth

Table 6. Susceptibility of the isolates and the reference strains to

antibiotic agents

Antibiotics AlgOO AlgOO Algol A2§OO AZEOO EC46 CAMI7

Tetracycline 30ug) S (23) S (19) S (19) S (258 .S (265 “SZDH SRH
Oxytetracycline (30ug S (225 S (21) S (21) S (243) S (285 S (245 S (21)
Doxytetracycline (30ug ' S (2255) S (225) S (225 S (243) S@&B7H) S (24) S (21)
Nalidic acid (30pg) 'S (275 R (0) R (@) R (10) R (95 R (9 R (0)
Clindamycin (2pg) R (0) R®© RO R (0) R (@) /R (0 R (0)
Gentamycin (10pug) R (12) I(23) 1(13) .1.(142) +S(185 S (17) S(15H
Amoxicillin (30pg) R(@O S(188)--S(188 R (9.8 S (26) S (205 I (15)
Ampicillin (10ug) R(@O R@83 R@83 RO I(45 R(208 R(@138
Kanamycin (30pg) R (123) R (12) R (120 R@B2 S(185 I(168 1I(143)
Sulfisoxazol (25pg) R (0) R@©O R@©O S@2I) S3B1) S(3B2 R0

Erythromycin (15ug) R (133) I1(14) 1I1(14) I1@75 1(45 1@375 S (20)

S, Susceptible; R, Resistant: I, Intermediate: ( ), Diameter of inhibiting ring (mm).
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8. i

8.1. Coculture

V. scophthalmi, E. tarda ¥ S. parauberiss <3t v|Yst9S T
o] =9 Aol tlxl= GEHAE Dotir] YA cocultureE AHA|sEH
S T V. scophthalmi?t E. tarda®] cocluture A& (V+E)AM= A
2% Mol V. scophthalmi®] 47t tiz=-o] H|sto] F7tstRtt  (Fig.
14). E. tardaw 2& Aol tiz+o] vlsto] o] A== ez
e oD, o]l S parauberis® UFRIZEX|0|QiTE. E. tardalt V.
scophthalmi®] coculture A|@1 (V+E)o|A E. tarda= 10° CFU/ml A%
ol N+ 52 YO0V}, S parauberis?t V. scophthalmi®] cocluture A]
&1L (S+E)ol|lA S.-parauberis’= 10° CFU/mIA &9 M#42 B} (Fig.
15, 16).

opf ¥ N

o

V. scophthalmi coculture

4e+9

3e+9 1

2e+9 1

1e+9 1

Number of bacterial cells (CFU/mI)

Days

e v
ol VHE
— 4 — V+S

Fig. 14. Growth pattern of V. scophthalmi in
single culture or coculture. S, Streptococcus
parauberis; V, Vibrio scophthalmi, E,
FEdwardsiella tarda.
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E. tarda coculture

4e+9

3e+9 1

2e+9 -

1e+9 1

Number of bacterial cells (CFU/mI)

—e — E
L V+E
— > — S+E

Fig. 15. Growth pattern of -E. tarda in-single
culture or coculture. S, Streptococcus
parauberis; V, Vibrio scophthalmi; E, Edwardsiella
tarda.

S. parauberis coculture

5e+8

4e+8 -

3e+8 1

2e+8

Number of bacterial cells (CFU/ml)

1e+8

— % —  S+V
= S+E

Fig. 16. Growth pattern of S. parauberis in
single culture or coculture. S, Streptococcus
parauberis; V, Vibrio scophthalmi; E, Edwardsiell:
tarda.
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8.2. Nurse Culture
8.2.1. Vibrio scophthalmi®] base culture A|@

IR ZAER| 2 A V. scophthalmi®] 93-S 2otd 7] 2]sto] base culture
2 V. scophthalmiES, nurse inoculation® & S. parauberis?t E. tarda
S 27 AE3Y. V. scophthalmi®] 737 S AoEH, 2& A7t
giz=o] vlsto] 1, 2, 3YAMOIA #hE Y-S EACH, 53] V+E Al
9] 2URt M= TR0 dlsf 2.378f W2 MNd+4E BT E tarda
o] 7<%, 10° CFU/ml] ANlg#45 Holo| nursecultureol] 95§ “g7to]
AAlel= A2 & 4+ A}Y. S, parauberise 12Mol= w47t AEEA]

Aot 2, 3EA A= -t 20 Bl RIS B

V. scophthalminurseculture

2e+9

Number of bacterial cells (CFU/ml)
8
+
©

1e+9 1

e vV
B V4E
— 44— V4§

Fig. 17. Growth pattern of V. scophthalmi when
Vibrio scophthalmi was pre-inoculated in nurse
culture. S, Streptococcus parauberis; V, Vibrio
scophthalmi, E, Edwardsiella tarda.
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E. tarda nurseculture

6e+9

5e+9

4e+9

3e+9

2e+9

Number of bacterial cells (CFU/ml)

1e+9 4

Days

Fig. ©18. Growth pattern of E tarda when Vibrio
scophthalmi was pre-inoculated -in nurseculture. 'V,
Vibrio scophthalmi; E, Edwardsiella tarda.

S. parauberis nurseculture

5e+8

4e+8

3e+8 1

2e+8

Number of bacterial cells (CFU/m)

1e+8 1

Days

—e— S
— 44— VS

Fig. 19. Growth pattern of S. parauberis when
Vibrio  scophthalmi  was  pre-inoculated in
nurseculture. S, Streptococcus parauberis, V, Vibric
scophthalmi.
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8.2.2. Vibrio scophthalmi®] nurse inoculation A]@

2%} ZYAA|2A] V. scophthalmi®] <i&to| thsfA] Yotwr] oA V.
scophthalmiS nurse inoculation 35t A4 mg-g A&SHICH V.
scophthalmi®t S. parauberis®] Al&4l+= nursecultureo]] 9Jsfj Ad#Ato] A
A=At E. tarda®l 4% s AT EH, E+V AldFoA= 198 tix
Tob 12v] Ee AElR epit

V. scophthalmi nurseculture

1.2e+9

1.0e+9 -

8.0e+8 1

6.0e+8

4.0e+8

Number-of bacterial cells (CFU/mt)

2.0e+8 1

0.0

Days
P
- E+V
— &% — StV

Fig. 20. Growth pattern of V. scophthalmi when
Vibrio scophthalmi was inoculated lately in
nurseculture. S, Streptococcus parauberis, V, Vibric
scophthalmi, E, Edwardsiella tarda.
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E. tarda nurseculture

5e+9

4e+9

3e+9

2e+9

1e+9

Number of bacterial cells (CFU/ml)

B E+V

Fig. 21. Growth pattern of E. -tarda when™ Vibrio
scophthalmi -was inoculated lately in nurseculture.. V,
Vibrio scophthalmi: E, Edwardsiella tarda.

S. parauberis nurseculture

8e+8

6e+8 -

4e+8

2e+8

Number of bacterial cells (CFU/m)

Days

—e—— S
— 4 — S+V

Fig. 22. Growth pattern of S. parauberis
when Vibrio scophthalmi was inoculated
lately in nurseculture. S, Streptococcus
parauberis; V, Vibrio scophthalmi.
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2 ATolA Ueht Al Zeolt 98 ZHo2A 29 92 99, oY
JPn AMEE) SO Uubkel WEe ugol, Yy Fyos gy
915 S SRR WHe Uepfnt Polzwe Rzt 39 AL
of 52 Atdd ol LRlsto] & AtolA Alget Felwto] T dRlojet
=l | O A4S V. scophthalmi= =513 TH

=
olgdgol Aa UEd 2 22Y A AEFol, ool e =,
AN HgEdet= B30 ot (Tin et al, 2000). 2 AlF=U A
g9l 20cm A& F7|9 FR| A AETHO] HojRlaL ofjoirt= Aol o

sff el HAzE 2SR, oo 54U S22 AMEst 24

¥ FEE ol Jdot (&, 2012). HO|=RE V. harveyi®t E. tarda’t &
elou, AR HAdAlzAe] Ao HisiAl= A5te] ofx]7F Fot
ot 2 A9 o] E3t AdS S B ®A| AlFkolA TS e o
50 U5l A e ey, B8 5 FF S0l LA ¥eH
wE HYA] ETH UR|oHA] fgte gz Zrp wHAXE sk AYor o
ARA gt

2 Al o3 A28003,-A28004° olFl wEl W A xd o] ABetetA

dde HusRE o tAlZ FAlste ZTE EReu cellibiose,
galactose, mannitol, raffinose, sorbitol, salicin, sucroseo] THsto|
Zo] ot Rpol7t 99t Cerda-Cuellar and Blanch (2002)0f 2]5tH E
2 A7)0 el 136719] V. scophthalmis AJstst &7ds5iS o 28
el Asterd BERS T BustYct webq @ Relsel oz
Yol Zlo] V. scophthalmi?l E/4oz E o, B AY 4FEZ V.
scophthalmiz2 Z=7& =A3st 5~ olc}

16s rRNAE= HlBE 2JHE9] 30s ATHHAE /45t = rRNAZR,
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o] RNA A OR% J3s] BEHo] Y v A 0|4 £ 9
7] NG thepde UeRdch S5 S5300] thepgol A9 gt vhe BFE
ol ciggol Ueht B2 o] to] ALgETh. 16s rRNAZ o] 83t 2

5ol A7|AES NCBIO| 55% sequence®t Hlw FA5H Aif, 2 A
& A39} o|d Be] 4F BT V. ichthyoenteri®t 7V SAFSH G714 F
< X 9o, 99.2~99.8%° AtzAS B SO V.
scophthalmio] sl &2 FAMIS Holu], 99.4~99.6%2] J&5/d= UE
Atk 22y V. ichthyoenteri®] 739 Ato]7]19] gGA|of tste] Aol
dou], 9ol &Rls] LSt dojollid HH/dol gt dE A AT (-

fu

—

2002). ®, V. scophthalmi®t V. ichthyoenteri®] 16s rRNA E7] A Eo]
0l 9Atet] EolB), o2 olfsto] £ P FHsts
do|t} (Thompson et al, 2005). TetA &6 Jetet 5782 5t dna/
geneS o] 8%t =AE AIAGIYTH dnaJ genel heat shock protein 40
S 9134Y5t= house keeping gene© &AX|, Mycobacterium (Takewaki
et al., 1994; Yamada et al., 2007), Legionella (Liu et al, 2003),
Streptococcus (Itoh et al, 2006), Staphylococcus (Shah et al., 2007),
Aeromonas (Nhung et al., ‘2007c), Vibrio (Nhung et al., 2007a) %
Enterobacteriaceae Family (Nhung' et al., 2007c) & 35X o=z =45}
1 BE2s5t=0| o]&¥th Nhung et al. (2007b)2 57 £59] Vibrio %
S Dnal geneg ©|&ste Aoz FRsiCH, Vibrio w3 70
tieh 16s rRNAS} gyrB gene, reca gene 59 &S si2T Hitolzta
25T & A9 22l +#5E dna/ geneE2 FAJSIYS T V.
scophthalmiol] tisto] 98.1%, 99.3%= 71 =2 A=4d& Uepiion,
V. ichthyoenterio]] TsfAl 91~92%2] At=/dS BTt Q9] 16s rRNAY
gt F7IME s g @] V. ichthyoenterio] tjsto] & w571 WFE

&S Uede de € & A

il



+AEStA A AWE S95I¥E o, A28003z  A28004= V.
scophthalmi2 /8= Itt. £ Apo]7|9] FX|ofA FHHE TS 4
V. ichthyoenteri®}®] {7174 A-5/ddt & A9 HojoA UERd A
85428 n|fojHot, V. scophthalmiz ‘878 GAS GR|A gHH
52 doslt YAURIZ ojAF & k.

V. scophthalmiz 773%h ElX /A9 oA zzx=z FHelod
(Blanch et al., 1997; Cerda-Cuellar and Blanch, 2002), sj4¥9t oy
2} 9] Hojo] AwolAl B2]git (Sugita and Ito, 2006; 7, 2003 %,
2006). 7K V. scophthalmi= summer flounderg tjAto=2 It
d AFS Al Ao 0% HiAtes U= 5 B940] gl AFA
o2 AANYT} (Gauger et al., 2006).
2y 20012 2002437HA] AlEEo] FX] HolE tider AW FAF
£ A|dfst ZAat V. harveyi (32%) 298 V. scophthalmi (26%)7} T
o] A&y (Z, 2003), 2005'd-FE 200610 7HK| 9] A& = 'GX] ol
A AAA V. scophthalmi (45.3%)7F V. harveyi (24%)¥th ¢ o
A&E 9l (&, 2006). E Quio (20100 BA|S Ciroz AuE AlY

o
Al385te] V. scophthalmi’t 'GX]o] fsto] v]@A okt wWeAS Jx|=

|o

7]

< rr

_IL'1_|

A

—_—

7oz ¥ustch
B oo Wl Ag-Auk 1 x 10° CFU/Aish2 Jx]0] Q7d AHS
AAGIAES o & Al 537F 75%E HQl ¥, ofAl 7] w&EE 25%9

A dAbgs YEYo], 2 Al o571 oAl vlsl B e HHde
7HRe Zlo= Wt meta V. scophthalmi= o%3t @50 w2t ot
gt HEdE UEUe Aoz Atedn

A @5 HAAZA & LA Vibrio #%1 V. anguillarum, V.
harveyi, P. damsela damsela S5o©°] Q27tdo]A] 10°~10° CFU/fish?]
LDsotS Holon, 2 Ao 2] 45 E3 10° CFU/Fish9] 57 ¥
oA 75%°] mAleE Hole A= DjfojHol Ul Feh HALS 7HA]
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1 oy Atg=ch @x|o] tist V. harveyi®] LDyt =2 2.48X10° ~
8.76x10" CFU g/fish (¥, 2008), 10%! CFU/fish (Sun et al, 2007)7} &
o= 8 9tk ® A (2005)0] ALAA 1.2x10°CFU/fisha +o B71=At

5t9 S W, P. damsela damsela= 80%, V. anguillaruma 60%2] *4A

=

hyaline droplet ¥4 So| WA qict of7]4 LRt xx9e

gt Z2ik= ol ALAe] A4 (Quio, 2010)2H FA|5HH, 2 ALOA = O]
A w2 o 28 59 A A

ol V. anguillarums S735Atst0] BejzAlstdor sl o T ¢
=, AMA=?9] hyaline droplet 4], AF Aok dra]5 WAt} (Lamas et
al., 1994; Kumaran, 2010; AVCI, 2012). Z12{t} o] & Attt HHElof O
2A] Al A Zunt vtelE dor|= AR A3 A ok aEd

L)
24 "ot 5 F dm 2952 899 AUl Al =2 7P

TetracyclineA| 29| ofAlo] Za/do] Qlgloy, Clindamycinol= A &/do]

UM, Al YmAl oAl disiAl Aoree] Apolrh AT V.

scophthalmi®] 7Y@oi7} &A= dX] GAAoA dr|zbAdo] ZAxto) wh
EXeS

;CL
2
lo
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x
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(34.6%)7F °F & wWHAIE 2d 4F (33.6%)ET o W

Ul
2010), 2% ol AN+t 2¥dEE Wol HEHuL e Adod (.,

2003. 3] 8del A9E AA Vibrio HWEE 5 56.5% A
Edwardsiella sp. 238 % 50%7t 2474de €t (4, 2003). V.
scophthalmis S dEA|Z2 superinfections A3 O T=TAA

]
12.5%9] mAMeS UERNH %2 Streptococcus parauberis?te] &3t

A AFHS ™ 87.5%= mWArEo] F7FsHATH (Qiao, 2011). 2 Ao E
8, 1097 V. scophthalmi®t Streptococcus sp.7} &3F 70 AMEjQl Hof
Ak v ot olXE U E2 FAFNA vIHsHAl Ldojyal 9l

Ao, & BLEAC ddB AEIE Bl=olEot V. scophthalmi®]
STUEM=A 7S AEY "HQ/do]l oty ARz & o] coculture?t
nursecultures Alsist V. scophthalmi’t T2 1} 7= O]A=5HA
FHEA o disko] LotE fct.

2 Ao)x AJSESH [ coculture Ad A3 V+E ARG LOA V.
scophthalmi®} %7] *4&e] SR RS SISO coculture A3

To|A E. tarda®} S. parauberisx= ‘g%o] AA|E|QIct o]5 & ANd4A

FHoA B V+E Algte] Mt a7F VeF B thx9] Al 33 2
GASE X5 UEWth ol= V+E AP o)A E-tarda®l 470 tfzto]

vlsiA = ARE ATt V.- scophthalmi®t 5&Esti oty of AZRICE &Hd,
VeSel E+S Al & Al#art V. S tiape] Al@gautt Ao Hee
O] F0] Ho} S. parauberis?7} Thg w5919 ASAMES dotes AS
d 4 ok

Nurseculture A|@ Ay} ¥ AFL A base culturez A= 9 A
& X0l Yehon, 1 o2 V+E A|@39] V. scophthalmi, V+S A&
+9] V. scophthalmi, E+V A9 E. tarda®] Mlvt47F Q22 o
Atk YA Al Al e FEY AtolE 7HAY dgol ARHA
o} 7h Ao & Al@ad Svolq Amun, VB Alge] Al@act B
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o vV fizyo AlgsEct o @A UEpdon], o2 o]2ojmo}
nursecultureo]| QJefA] V. scophthalmi®] d%to| ZXIE|Hat:, £ tarda
b BEUTHE e L 4 otk E, VS A@T BV ART €3 27
o] fELET} We M@4S UEo] base culturedt w9] AAo] &%=
Al2}%, nurse inoculationst #0] Z&ESICH= 7182 2 &~ QIAITH S+V A|
1Y 4% V iz & ANteEte A, S R Not4ot= H
250 Uehti, A% mEold €3 £ 2 25 o] ulsh Aol of
T 9E Zlog n|foj{ot S parauberis?t V. scophthalmi 2% A=
olshA AEAES she o2 LTt

9 Ayt= x| E3tote] BWH, V. scophthalmi?t E. tarda®l 25 Al
Tl £ Fo BESAY Be Aol SAHE e 2 4 At 5,
V. scophthalmi’} E. tarda® S3d@ oA ojH d&o] 9laS AlAFRTE.
V. scophthalmi®t S. parauberis®] 3%, V. scophthalmi?} 1X} ¥ LA

2AM S. parauberis?tQ] SdL AN RHAIR A ATS o= Aoz HAI

Al
of

e

ol e BN 59 BAS Lulshe 2 58 AU 4 Ut

o w g7 walo] IF A2 sl Az AL LSk A AU
o2} stuf, Z172te] Ml RSOl MEA AE 2SS AR oo FH sl
Y2 AR Wes HAFER QRS Ex TAS AL FuES
sto] 548 olFA St LAY WS AYICE AP Bl Hal
Wrgslol S wAlE Tl MER WAL ¥ 1A S0l

A
o
)
ot
rZ

>
o
olm



O] toxic

AR
00>
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o=
1993).

|

|

}

o] Qlt} (Bassler et al,

9

22 L2 E AHE

=
i
’t S

=]
na

bp ™ ol P ok WS T T o o X b o
w - X TR 2 Lﬂlﬂ = = i W o= T Kom
P E s I e Dy TS gl K
TR O i F o, 3T P
g = %o o 2 S T 3 L oo s A - ol
N oo 2 E N K ~ A ™ m W oo
ol W £ § AP =g, Bomo a
- o O gl 0 ~ ol T m ofo
oy & o o = & W "2 el 3 ® B o
AR o8 g n ' 4O s -y CENC T K
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