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Characterization and pathogenicity of extracelular products
(ECPs) of Vibrio harveyi
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Vibrio harveyi, one of the major causal agent of vibriosis, affects a diverse range of marine vertebrates
and invertebrates over a wide geographical area. The aims of this study were to investigate the characteris
tics of extracellular products (ECPs) of the pathogenic non luminous V. harveyi and the luminous V.
harveyi. And the ECPs of V. harveyi were examined the pathogenicity to the black rockfish, Sebastes
schlegeli, and histopathological changes of internal organs injected by ECPs. Four strains of V. harveyi cul-
tures produced ECPs showing various enzymatic activites (caseinase, gelatinase, phospholipase, lipase,
haemolysin). These ECPs showed strong cytotoxicity on macrophages of black rockfish, Sebastes schlegeli
and olive flounder, Paralichthys olivaceus. Especially, the virulence of ECPs from the isolate of V. harveyi
FR 2 was higher than other mains of V. harveyi in the intraperitoneally injected black rockfish. Also, the
ECPs of V. harveyi FR 2 caused the expansion of sinusoids in the liver, the activation of ellipsoid in the
spleen and the dloughing of the epidermal cell in the intestine. It was suggested that the ECPs from V. har-
veyi play an important role in the pathogenicity process of the V. harveyi.

Key words: Vibrio harveyi, Extracellular products, Pathogenicity

Vibrio harveyit= 19804 28] AJ$-oF4 o] 19004t] Fuke] SolAmAl, ofe sl5oiFel

DA A= A=Al (Sunaryanto and Mari- = ¥t B 532 ok (Kraxberger

am, 1986), )3 (LavillaPitogoetal., 1990), ]  Bestty et al., 1990; Ishimaru and Muroga 1997; Al-

=+ (Jravanichpaisd et al., 1994) 2 U7t (Liuet  varezetal., 1998).
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g Ald7h B3 9lew, Sa) A2dle ¢
uetel ske vk S3e) 34 4 of
9} QgE.o] ¢kl HE Haliotis tuberculataci Al
g Abel7E BaE ok (Nishimori et al.,
; Liuetal., 2003).

ol H 10 o \Jdzk A AlAle] thekst
oA V. harveyio] ol thgh B 7}
<2 U} FRH YR, 3 o
M olnl A7k Wy Al Eo] Holua
dJlolTh (Nishimori et al., 1998; Liu et al.,
2003). $-2] yelllM= 1999 o 5ol A&,
e g R Qle] FY g AgelA Al
P4 BAFO2 Hol Aol o8 JAel o)
% AE BAEEA Ao SEnt
(Won et al., 2006).

V. harveyi o] ¥4 Q21% = extracdlular prod
ucts (Liu et al., 1996b; Liu and Lee, 1999; Lee et
al., 2002; Zhang and Austin, 2000; Soto Rodriguez
et al., 2003), lipopolysaccharide (Montero and
Austin, 1999), bacteriophage (Oakey and Owens,
2000), bacteriocin like substance (Pasharawipas et
al., 2005), quorum sensing factors (Henke and
Basder,, 2004) 5o] H =St} 53] extracdlu-
lar products (ECPs)¢] =2l #3t dA77F F4
o] H Utk o]g =4 Leeetal. (2002)-
Grouper, Epinephelus coioides?} Red drum, Sci-
aenops ocellatuss] ECPsE £7} 415191 1
8 247 WA AN HYde wusgod
Zhang and Austin (2000)> ECPse] &4, €35,
Al =57 B sAmonz} troutel] Tiek g Al
< E39] Vharveyie] ECPs7}F $2.3F W94
e121¢] shtelS B3kl th Montero and Austin
(1999)2 Lobster, Nephrops norvegicusel] ECPsE
FA¥etaL 15 & 5 hemocyted] 7 AAdHE
H&qieh olEd A4 23E A7t sl
o] F EFolA V harveyi ECPs7} 2 W94 &
2o shide @ 4 AN

wEha] B Ao A= V. harveyi ECPse] E4]
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Wonet al. (2006)¢l °J3lf =] Etof| A H2]E
non luminous Mbrio harveyi £2] o5 FR 29}
Zhang and Austin (2000)9]] ]3] Aj-9-o|A] E2]
= luminous Mbrio harveyi VIB 391 #55 AR
3o, T2 o= Herriot Watt Universityol]
Al Eel ARESAATh gk AHE FE A
T+ KCCM (Korean Culture Center of Microor-
ganismg)ol| A #E-kHke ATCC 35084¢} ATCC
141268 AT ARl A BE 5
= 1L5%NaCl 37} tryptic soy agar (TSA, Difco)
¢} thiosulfate citrate bile salts sucrose agar (TCBS,
Merch)ol] =23t $ 27 °C, 24 A7k wj<atod]
swarming activity 2 luminescenceE 1333t
(Tablel).

Ny

Haemolytic activity <} cytotoxicity Algel] A&
3k zy]Eg, Shastesschlegdi (H A4 23+
05cm)E 2t 717 2Ale] 2 goll Al Bt
ko m, Jx|, Paralichthysolivaceus (Hg A&
25+05cm)= 735 &30 A9 G &

Pl

54 A AR oEE (H AT
15+059)> 74 AA Ao 83 Fe
T A FAGeNA] EoFutol ATk
FAFETGATL A FFRAL] 2 B AL FFoA
T 2324 CE 2 FI W2 02 £AA
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Tablel. Vibrio strainsused in this study

Strain Origin Remark
FR2 : . Busan, Korea
Kidney of black rockfish* ’ .
(non-luminous) 4 1999 |solated strains
VIB 391 . . Thailand, (=2
(luminous) Unnamed shrimp species 1990
ATCC 35084 Grimesetd., 1984
i Kidney of brown shark V. carchariae Reference
(non-luminous) typestran |
srains
) . Baumann et d., 1980
ATCC 14126 Dead, luminescing V. harveyi (n=2)
(luminous) amphipod typestran

* black rockfish, Sebastes schlegel
2 ¥ AHeaah

Vibrio harveyi extracdlular products (ECPs)2| F&

AN g2 ECPs &2 Zhang and Austin
(2000)01] <]} cellophaneoverlay WS A3
%tk 1.5%NaCl 37} TSA ¢l 121°C,15 &
7+ "% cdlophane membranes 2137, TSBo|
24 N7E Fok Ak o 200 s e 4t
7 fe802 324 muslgch Aldre] A
¥ WiAE 25°7C, 24 A7 viFe ., cdlo-
phane membranes- A Z-& petridishol] %7]37
01M PBS(pH 7.4) 2 (& A 3}e] RHtr} o]
A5 4°C,20,000 x g,30 #7F 94 FEst
o] JAdE Fgstslen, o]E 0.22 i pore
size9] syringefilter (Corning Inc.) 2 o33l 7S
ECPs 9| o & ARZ-3s}3iTth

Vibrio harveyi extracdlular products (ECPs)2| AiS}|st
o EM

o P

ECPse] ©@uid =1+= Bovine serum abumin
(BSA, Sigma)& EF° = 3slo] Bradford W
(1976)°. 2 =AU 20 ColA Basis A
Yol ARE-aFd e

Casainase activity

Casainase activity+= Zhang and Austin (2000)¢]]

w2} azocasein (Sigma)S 712 =2 shed SA 3k
t} = 0.1M PBS(pH 7.2)0l =21 1% azocasein
£l 450 W9} ECPs50 WS &3sted 27 Col
A1 30 E7F wjekst 3 10 % trichloroacetic acid
(TCA, Sigma) 05 mf-& ¥ W8 FAAAh
30 ¥ & 94 #32 (14,000 x g,5min, 4 C)a}
o] JANoRRE 05mS FHE o 1M
sodium hydroxide 0.5 m¢ 2} =3$3te], A4500 &
=231t} (Pharmaciabiotech Ultrospec 3000).
Casginase 1 unit= S34 % 7lo] 0.001 =7}sk A
o2 Aojsiith

Gdatinase activity

Gdatinase activity:= Zhang and Austin (2000)]]
w2} caseinase activity®5 W ste] 78513
t} =, 0.1M PBS(pH 7.2)ll 0.8% (w/v) gelatine
(Oxoid) &5 AN =gk 5 gelatin -2 450 w0 2}
ECPs50 ul & 2 &%ste] 28°C, 3027+ WAl
Zth ¥-& 3 30 9% (wWiv) TCA 1.5 miS H7ts)
o] W3S AAAZ the AmollA] SA5ATH
(Pharmaciabiotech Ultrospec 3000). Gelatinase
lunits &35 Zro] 0.001 =713+ Aoz Ao
sk3ich

Phospholipase and lipase activity

Phospholipase¢} lipase activity= Liu et al.
(1996b) el t}a} 1 % (wiv) agaroseol] eggyolk =
= 1% (viv) Tween 80 H7}sled 274 4 mm
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welsE = 5 ECPs300 we/ml = ZHzte] wel

o 20 ¥ BFHIL S8 AN 28°C, 48
A7 W87 B well 919 dlear zoneg &
Akt

g8s

Haemolytic activity:==Zhang and Austin (2000)
o) WS WEste] AR F 5%¢) X3
22 2 Jgx]o] Fd7} 3718 Columbiablood
ager (Difco)E 27k Al 2ksted 17 4mmwellsE
U= F 300 wg/ml T2 2% ECPsE 100 Wl
¥ Itk AES wiAE 27°C, 247
ok wjekaty, well F9]¢] dear zoneo] A==
A Az 2718 SA sk

FOIM 22|16 FA MIZ0 CHEE M= =M

V. harveyi ECPse| Z3)2-2tat A Al 3] )
g 545 dobry] fste] 217 macropheges
2gs e monolayerE A2ttt RPMI
1640 wj=]ol| 5 % (v/v) Fetd bovine serum (FBS,
GibcoBRL), 1 % antibiotic antimycotic agent (Gib-
coBRL) 2 heparin 10 unitymfo] H == 7}t
3 7} cdl lineg 1x10 cdlgm( 9] F=7} H=
£ ZA3sle] 24 well plate (Corning Inc.)2]
wellell 1 m¢# HFsHL 20 CollA 2A17¢ %?
v Fatich wiF F 7+ well Wo] mix & A A
s, ZF A1 2] ECPsE 5% FBS7F 37}
¥ RPMI 1640 miA| 2 ©hi)d F%7} 0,100 3
400 yg/mlo] H == A|zksto] zF wellol] thA] 5=
etk 2+ o] ECPs7t 5% 24 well plate
= 20°C, 24 A 7FHzet viksli o cdl line2]

n7 (Olympus, CK 2)0 &
ST A= fﬁuvg Fatol| ) ECPsE H7}31A
3 well ] cel lineg tix+= 3to] Alxw/g
235 gkt (Suprapto et al., 1996).

Zulg
Al

V. harveyi ECPse] A} =4S ZAbsl7] $8}
o] 7}7to] #FEHE FE3 ECPs AN S
100,500 2 1,000 peg/ml 2 ZAHste] Zu|Eete]
7] 0.1me¥  FARFATE 22 24 = 05
CE §A319omM, 7 A7k FA&S 7123
< Profit ¥ (BERMEIERTEE A, 1976)0l w2}
LDsoS 33T

20l CHSF Vibrio harveyi ECPse| XIAL =4

Bouin's solutionoll A A3la 24 A|7F Fof th
Al &Fe Al 48 A7 FaAsIT 2
,]

A ZAS FA5L 70 %o A 100 %7HA]

SR AFLZ g, xylenel ® &
sie 5 vl ASAAT demoE A%
9 ¥uljsl 3 Rotaryd microtome (Reichert Jung

820, Leica) 0.2 upas the FAQ o
oJsl H&E A413keich
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Table 2. Characteridtics of theextracellular products Vibrio harveyi

Srains Protein Conc. Casginase Phospholipase
(ug/md) (units/mg) (egg yalk)
FR2 158.48+3.26 9.87+0.59 -
VIB 391 363.91+28.80 37.36+0.39 -
ATCC 35084 585.38+22.01 0.32+0.07 +
ATCC 14126 227.50+10.87 1.68+0.03 -
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ol A AP V. harveyi ECPs®] 3| &2t {dX] A d9
V harveyi ECPse] whla Agdeke Az w3 W3 §8e= T4 23 2v== Ad47t
o] ATCC 350847} 7F4 =9ty 2] #30 FR  #7H ¥iXelM= 2] &5 FR 29} VIB 391
27} 71 @A) LR} (Table2). o] Z H#F ATCC 350849} ATCC 14126H t}
A &Fo] #ZH initid timeo] =3 A2 A1R

x9N 9] clear zonele 2l UeRdth {AX APt

V-harveyi ECPse] cassinase activity= 21 & 718 wixeg s 2v)2e 93771 @7h
T VIB 39194 7HE =R A 2T yixef vjzet Ane Jep)Qo) wak 2uE
ATCC 35084011 7Hd S Yeidth (Table2). g1 mg 1 171 mix)7F Y= A8 A7} )R
Geldinaseactivity:= 2 7112] 22| @52 2 71°]  wg meE g 739 initid imeo] WeLo m
FE #F EFOlM dehdA @gker phos  na g2 vIB391S AF 73 Zol|A] sH oF
pholipaseactivityt= % w5 ATCC35084 oA 3} gs-o et (Tabled).

T UERET lipeseactivity's RE Al 350l 4]

P27 gk} (Table) S0 E215H Al MZ0 ChEt HIE =X
8% 2223 gAo] Ao zRE Bed ma

Table 3. Haemolytic activity of the Vibrio harveyi extracellular products after incubation of 300 wg m* on the blood agar
prepared with 5 % of hemocytes from black rockfish (A), Shastes schlegeli and olive flounder, Paralichthys olivaceus (B)
for 72h

(A)

Tested Time (Hours)
srains 7 9 18 19 24 48 72
FR2 - - + +V + + +++
VIB 391 - - - Y 4w + +
ATCC 35084 + + + W + ++ .
ATCC 14126 - + v "y + ++ FHH+
(B)
Tested Time (Hours)
srains 10 13 23 28 48 72
FR2 - - +W + + ++
VIB 391 - - - 4w + T+
ATCC 35084 + + + + ++ +++
ATCC 14126 - +v + + ++ -

(-) no zone of clearing; (+*) diameter of zone of clearing or opalescence of <10 mm; (+) diameter of zone of clearing or
opaescence of <20 mm; (++) diameter of zone of dearing or opalescence of <30 mm; (+++) diameter of zone of dearing
or opaescenceof <40 mm; (++++) diameter of zoneof clearing or opaescence of =40 mn.
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rophage monolayerel] tisk Alx =4
Az, BE A gFolM AEZHAE AL e
Sk Eg 28] 5 FR27F g 5ol H)s)
oha Z3e 24 Uehilen 53] xulEe
Ao 2 RE F2d macrophage monolayerdll
A A E 548 YeR) )l tTable4, Fig. 1).
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= 543
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o

Za|ZEHf| st V. harveyi ECPse| XA SM Al

V. harveyi ECPsE %y &g B7)} FA5E 4
I B2 45 FR29] LDw Fke] 55 weffishz 7
3 WS Yepilen, 29 o5 VIB 391
°] LD50 kel 79.2 wgffish, = 5 ATCC
141262 Y100 ygffish2 okt WU4S LER)S

t} (Tableb).
ZA| 2|51 GEt Al

zugete] 27 Yoty JFS A 2
3 RE XY FFo)A 7+ snusoid o]
ZE Q7 (Fig. 2), Hgel A= dlipsoide] 242
22T 5 e ol WE ahe 59

e #5 FR201M 3Pl Leksiei(Fig 2). &
& g 4l Az g BT+ AAsd)
1=

7 FR 20\ A9+ U}

olF W94 Ale] ECPs= =29t T
T2 TR o] =Y &

thekst Al S4AEA amylase, chltlnase,
chondrotinase, collagenase, DNase, elastase, gelati-
nase, lipase, mucinase, lecithinase (or phospholi-
pase) 2 protease Fo] &HA Ut (Yamadaand
Woakabayashi, 1999). o| 23t =49} A|¥Ee &4

mlru

LAY £ ALES AL /15 A
AW, 5% AE S AE B ) F)e

2HEH B2 5 il 2dev A 84 =
= 5 v BueA &ty
9 %*JOM W e WEg o
(Lamasetal., 1994). 2 AT HE AF F5e]
ECPsE —JE] 3te] protease €4, phospholipase

Table4. Cytotoxic activity of Vibrio harveyi extracdlular products

Tested strains
Tested animdls , w0 ATCC ATCC
FR VIB 391 35084 14126
6h ] ) - -
Black
12h ] ] ] .
. rockfish
Cytotoxic 24h ++ W + 4w
effect 6h - : . .
Olive
12h ] ] ] )
flounder
24h + +w + Hw

Table5. Lethd dose (LDs) of Vibrio harveyi extracdlular products on the intraperitonedly injected black rockfish, Sebastes

schlegdli for 7 days

FR2

VIB 391

ATCC 35084 ATCC 14126

LDso

(uglfish) %5 92

68.7 >100




Vibrio harveyiol| A £2]3} extracellular products (ECPs) &) 4 3} =4 87

Fig. 1. Cytotoxic effects on the monocyte monolayer from black rockfish, Sehastes schlegeli (a, b and ¢) and dlive flounder,
Paralichthys dlivaceus (d, e and f) administrated with 400 g cdll line* of ECPsof each Vibrio harveyi strains. (aand d), con-
trol; (band €), FR2 and (candf), VIB 391.

Fig. 2. Liver (aand b) and spleen (c, d and ) of black rockfish, Sehastes schlegeli injected with 50 g fish of ECPsof Vibrio
harveyi FR 2: (), control (H&E x 200); (b), expansion of snusoids (H&E x 200); (c), control (H&E x 100); (d), activar
tionof elipsoid (H&E x 100) and (€), activation of dllipsoid (H&E x 400).



Fig. 3. Intestine of black rockfish, Sebastes schlegdli injected with 50 g fish* of ECPs of Vibrio harveyi FR2 : (a), control
(H&E x 100); (b), doughing of theepidermd cdls(H&E x 100); (c), doughing of theepidermd cells(H&E x 200).

4 |iphase2] EA1S Yol A3} caseinaseactiv-
ity 2] 5 VIB 3914 71 =4 ekt
o gdatinaseactivity= A3 oF EF 2S4S
2 Yebgt} 31 phospholipase activity= 3=
o5 ATCC 35084 wto] kAo =2 yehdy li-
paseactivity= AlY o5 BT S40E YEb
t} Liu et al. (1996b)2 non luminous V. harveyi
ECPse] &4 EAlo|A] protease, phospholipase,
haemolysin == exotoxino] SAJo) =231 oJ 3k
MR sanh 1eu B Y ol
thefe £ B4S Hol Bazte] A
B o) vhFek E2 B Algol 223
ok Az

Monteroand Augtin (1999)2 W o] Z=AFS 1}
B+ Penaeus vannameioll 4] £2]3F V. harveyi
©] ECPs7} rabbit, sheep 2 donkeye] oo oj
3 889558 Bk £33 Zhang and Austin
(2000)2- V. harveyi ol 4] Aol o Foll 60 %
o] HARES H<Ql V.harveyi VIB 645 70l 4]
£2]3F ECPs7} Atlantic salmon=} Rainbow trout
o) Hypol t3t ¥l Y wkoH V.
harveyi VIB 648 52} VIB 649 oA £
3+ ECPse] 8852 V. harveyi VIB 648 571
o E=Skout HARES 27 0% 9 40 %Y=

wa e o

B3k &g Garcia Moreno and Landgraf.

(1998)2 Mbrio wulnificus?] &35 WHAA
A BAET # AT Al

Fu Al ofFol wabA S50l thksAl
Ebtom Q19 2 AdolA EAJo] AsiAl v
bt 2] o5 FR2 ¢ ECPse} =/do] okt
#7¢] ECPs 7ke] &85 Felgh ztol7t ¢l
Ao 1 Z V harveyi ECPse] £8%0] njx|&= o
e O] AA] %= A E Az

Zy 283 JXx¢ macrophage monolayerS
o] &g A 54 AFAe 2z AFE 479
ECPs= S °F 24 AFoljol] Al WA]
237F vERsth ol gk 3= L. anguillarum
ECPsE EPCe]l RHEAI71™ 40 & FHE Al
o] Wgo] dojupr], ¢F 90 & Foll= AL T}
T (Wang et al., 1998), A. salmonicidae] ECPs
7} o1fF fr#ll cdllines 2 A7k ool T35}
= A (Madetojaet al., 2003)o]] H]3}e] tha oFst
S e Bg 54 AJ@oA 540
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&gl AJF 5 V. harveyi ECPsE F
=4S gelst A3 £ +F FR 29
wg fish1=2 =4o] Z}3lA elyt
o1} B #F VIB 391 LD50 Fte] 79.2 ug
fish 1, #% 3 ATCC 141262 LD50 %kl
100 ug fish 1 o]PF O 2 A wf-9- w2 =243 e}

W o)z Az Ew A% %% V. har-
veyi live cdll 5 3l eto] 19) AL W

vehd Aol dAsdt (Choi etal., 2007). ZL
2} V. harveyi live cdl 3 ECPse] 2}-g-o] Ri=
A dAsHE AL ok i ol met Y
A= A9 d3A Ut} Zhang and Austin
(2000)2 rainbow troutel] V. harveyi live cell 3}
ECPsE <19 FoJ3}9S w V. harveyi VIB 571,
VIB 647 3} VIB 661 #5-¢] livecdl] tjjsl] 100
% HALE-S Holu} ECPsoll A= 0% AL
&S H9om V harveyi VIB 645 39 live
cdlz} ECPsell tisl 717z} 80% <} 60 % HALS:
<., V. harveyi VIB 649 o=+ 7}z} 100 % <} 40
%E Jepaoty stk &3 Zorrillaet al.
(2003)2] H.7el 2ol5kd V. harveyi¢] sole, Solea
senegalensisel] st =/do] livecdlz} ECPs &
Foll A ZsHAl vebsk o 5 ke Zfol7t A
Tl SFAt

Zhang and Austin (2000)2 Atlantic salmonei] V.
harveyi VIB 645 ECPsE 54 Al§l3le] S W
gxAstH o2 s 23 edemast A At
A3z e] gglo] Heom ThAME 32 <l
gk AYe] &¥o] AFHIITE & AFAAE
Z3)2e] s e #F FR2¢] ECPso| 9
& %@g B239S o ¥ dlipsoid B4
+ snusoid®] g7go] e}
£ o] o] 9

olg AHZE mFo] & W, £ dF FR29
Al E2]3k ECPs7} livecdlS 21¢] ZAGAAES
o (Choi et al., 2007)9} FLeA Z3]Eo
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3 ATE NE £ AN A 25
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