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V.

damsela Vibrio DNA homolo-

gy (Grimes et al., 1984), MacDonell and

Colwell (1985) Vibrio Listonella

, Photo-

bacterium damselae subsp. damselae ( P.

damselae) (Smith et al., 1991;

Trüper and De'Clari, 1997). , P.

damselae

(Austin and Austin, 1999;

Wang et al., 1998).

P. damselae Vibrio 

, 

. ,

haemolysin (Munn, 1978; Toranzo and Barja,

1993), protease (Norqvist et al., 1990), capsule

(Yoshida et al., 1985; Wright et al., 1990) iron

transport protein (Actis et al., 1995) 

, 

(Santos et

al., 1991). , P. damselae

, 
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, P. damselae

Vibrio extracel-

lular products (ECPs)

.

P. damselae

Vibrio . P.

damselae, V. anguillarum, V. splendidus, V. harveyi

V. ordalii (2005)

16s rRNA homology

-70 1.5% NaCl 

TSA 25 , 24

.

Extracellular products (ECPs) 

ECPs Austin (1998) cellophane overlay

Tryptic Soy Broth (TSB, Difco)

200 membrane 

27 , 48 . Cellophane mem-

brane 0.1 M phosphate buffer

solution (PBS, pH 7.2) 12,000 g, 4

, 15 0.45 pore

size syringe filter (Corning Inc.)

ECPs .

ECPs bovine serum albumin

(BSA, Sigma) Bradford (1976)

-70

.

ECPs

ECPs API zym kit

ECPs 0.1 M PBS (pH 7.2)

20 / API zym kit (Bio-

Merieux, Spain)

. 

Caseinase activity Austin (1998)

azocasein (Sigma, Co. USA)

. , 0.1 M PBS (pH 7.2) 1% (w/v) azoca-

sein azocasein 450 ECPs

50 28 , 30 .

10% trichloroacetic acid (TCA; Sigma,

Co. USA) 500 30

, 4 14,000 g, 5

500 1 M sodium hy-

droxide 500 azodye

, 1unit A450

0.001 .

Gelatinase activity Zhang and Austin (2000)

caseinase activity

. , 0.1M PBS (pH 7.2) 0.8% (w/v) gelatine

(Oxoid) gelatin 450 

ECPs 50 28 , 30

. 30% (w/v) TCA 1.5 

, 1 unit A280 0.001

.

Phospholipase lipase activity Liu (1996)

1% (w/v) agarose egg yolk 1%

(v/v) Tween 80 4 wells

ECPs 20 

28 , 48 well clear

zone . 

Austin (1998)

. 

96-well microtiter plate (Nunc; Life

sciences) ECPs 2

1% 

37 , 1
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.

ECPs

CHSE-214 (Chinook

salmon embryo) EPC (Epithelioma papillosum

cyprini) .

cell-line 1 106 cells/

Eagle's minimum essential medium

(EMEM, Sigma) . 

ECPs 200 /

well 200

20 24 . plate Ho

and Chou (2001) cell line 2% formalin-

PBS 10 0.4% crystal violet-PBS

10 . Well 50% ethanol

(Merck) % sodium-dodecyl sulfate-PBS

ELISA reader (630nm)

, ECPs 

well cytotoxicity

.

TSB monolayer

, TSA plate counting

. monolayer adhesion

plates Hank's balanced salt solution

(HBSS) 6 1% (v/v) Triton X-

100-PBS EPC lysis plate counting

(Elsinghorst, 1994), invasion

monolayer HBSS 3 gen-

tamicin (Sigma) 100 / MEM 2

killing . 

plates HBSS 2 EPC 1%

Triton X-100-PBS lysis

PBS plate counting

.

EPC inhibitor minor

modification (Leung and Finlay, 1991; Elsinghorst,

1994) , inhibitor

, Table 1 . EPC 24

well cell culture plates 24 well

plates 100% , DMSO

inhibitor MEM well

plate 25 , 30

.

In vitro Photobacterium damselae subsp. damselae Vibrio

Table 1. Effects of bacterial invasion inhibitors on internalization of Photobacterium damselae subsp. damselae by EPC

Inhibitor Concentration Class

None Control

DMSO 0.4% Solvent

MEM without Ca2+ and serum Medium control

Genistein 150 M Protein tyrosine kinase inhibitor

Staurosporine 0.005 M Protein kinase C inhibitor

Calphostin C 0.5 M Protein kinase C inhibitor

PD098059 20 M MAPK kinase inhibitor

BAPTA/AM 50 M Intracellular Ca2+ chelator

Cytochalasin D 0.1 g/ Microfilament inhibitor

Vincristin 5 g/ Microtubule inhibitor
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ECPs

P. damselae vibrio ECPs

Table 2 . P.

damselae ECPs caseinase phospholipae

. Sheep RBCs RBCs

Table 2. Enzymatic and hemolytic activities in extracellular products of isolates after for 48 hrs incubation

Enzyme 
ECPs

D** A S H O

Negative control - - - - -

Alkaline phosphatase + + - - +

Esterase (C 4) + + + + +

Esterase Lipase (C 8) + + + + +

Lipase (C 14) - - - - -

Leucicine arylamidase + + + + -

Valine arylamidase - - - - -

Cystine arylamidase - - - - -

Trypsin - - - - -

-chymotrypsin - - - - -

Acid phosphatase + + + - +

Naphthol-AS-BI-phosphohydrolase - + + + +

-galactosidase - - - - -

-galactosidase - - - - -

-glucuronidase - - + - -

-glucosidase - - - - +

-glucosidase - - - - -

N-acetyl- -glucosaminidase - + + + -

-mannosidase - - - - -

-fucosidase - - - - -

Gelatinase + + - - -

Caseinase +++ ++ + + ++

Gelatinase ++ ++ + + +

Phospholipase +++ + + + ++

Lipase + + + + +

Hemolytic activity

Sheep RBCs 8 8 4 2 2

Flounder RBCs 64 32 16 4 16

* White area : (-), negative; (+), positive
Gray area : (-), no zone of clearing; (+), clearing or opalescence of 3 mm; (++), clearing or opalescence between 3.5~6
mm; (+++), clearing or opalescence above 6.5 mm.
** D, Photobacterium damselae subsp. damselae; A, Vibrio anguillarum; S, Vibrio splendidus; H, Vibrio harveyi; O, Vibrio
ordalii.



, P. damselae 64

. 

Cytotoxicity assay

cell-line 2

ECPs cytotoxicity Fig. 1,

2 . P. damselae 4

(Cytopathic effect, CPE)

, CHSE-214

well plate EPC

well plate

In vitro Photobacterium damselae subsp. damselae Vibrio 75

Fig. 2. Cytotoxicity in CHSE 214 (A) and EPC (B) of ECPs from Photobacterium damselae subsp. damselae and vibrios for
24 hrs.
D, Photobacterium damselae subsp. damselae; A, Vibrio anguillarum; S, Vibrio splendidus; H, Vibrio harveyi; O, Vibrio
ordalii.

A) B)

Fig. 1. Phase-contrast micrographs of cell lines, CHSE-214 (A and B) and EPC (C and D) administrated with ECPs from

Photobacterium damselae subsp. damselae. The left columns (A and C) were controls and the right columns (B and D) were

incubated with ECPs (200 / ) for 4 hrs.
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. 24

.

P. damselae cytotoxicity CHSE-214

40.2 6.5%, EPC 50 9.5%

, V. anguillarum cytotoxicity CHSE-

214 35.8 15%, EPC 50

2.3% . V. splendidus, V. campbelli V.

ordalii cell line

5.9 5.4 13.5 6.5% .

Adhesion and invasion assay

EPC

Table 3 . P. damselae

70.5 4.7% . V. anguil-

larum 60.4 3.6% vibrio 

(p<0.05), invasion rate 5.5 1.6 4.7 2.1

(p<0.05).

Cytoskeleton and signal transduction inhibitors

Wang (1998) EPC 

cellular cytoskeleton signal

transduction pathway Table 4

. Genistein protein tyrosine kinase

Table 3. Proportions of the adherence and the invasion of Photobacterium damselae subsp. damselae and vibrios to EPC

Strain Inoculum ( 105) Adherence (%)1) Invasion (%)2)

P. damselae 20.5 3.4 70.5 4.7a 5.5 1.6a

V. anguillarum 16.4 5.2 60.4 3.6a 4.7 2.1a

V. splendidus 20.9 3.6 20.5 3.9b 1.8 0.4b

V. harveyi 18.4 6.4 18.5 2.1b 1.9 0.7b

V. ordalii 17.8 2.3 19.6 4.3b 2.3 0.4b

1) Adherence is expressed as percentage of adherent bacteria after washing without gentamicin treatment (n=3).
2) Invasion is expressed as percentage of surviving bacteria after gentamicin treatment for 2 h (n=3).
Alphabetic superscripts indicate statistic significant between treatments (P<0.05). 

Table 4. Effects of invasion inhibitors on the internalization of Photobacterium damselae subsp. damselae and vibrios into
EPC

Inhibitor P. damselae V. anguillarum V. splendidus V. harveyi V. ordalii

None (Control) 100a 100a 100a 100a 100a

DMSO (Solvent) 96.4 10.5a 105.0 5.4a 96.5 9.3a 97.8 16.7a 101.7 7.9a

Genistein 53.5 10.4b 50.7 6.8b 90.3 11.7a 101.7 6.9a 89.4 13.7a

Staurosporine 123.3 16.8a 106.5 10.8a 111.4 14.8a 108.4 20.4a 110.4 9.4a

Calphostin C 95.7 6.8a 94.3 13.3a 94.6 9.4a 105.4 7.6a 88.4 13.7a

PD098059 82.6 17.0ab 106.0 11.7a 94.7 13.5a 112.5 16.4a 104.1 8.0a

BAPTA/AM 30.4 5.6c 84.3 18.4a 60.4 11.8b 80.4 12.7ab 95.7 18.2a

Cytochalasin D 23.4 8.1c 42.9 10.7c 61.5 22.1b 79.5 12.2b 55.8 14.7b

Vincristin 33.8 6.4c 50.9 11.1c 90.4 20.1a 96.1 18.1a 102.1 16.3a

Value represent the ratio of bacteria in the presence of inhibitor to bacteria without additional inhibitor and are expressed as
percentages (mean SE). Alphabetic superscripts indicate statistic significance among treatments (P<0.05). 
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inhibitor vincristin microtubulin inhibitor

inhibitor P. damselae V. anguillarum

EPC . 

Cytochalasin D microfilament inhibitor

EPC 

, P.

damselae V. anguillarum

. EPC

EPC actin microfilament system

, P. damselae

microtubule system rearrangement protein

kinase C actin based cytoskeleton

rearrangement

.

P. damselae subsp. damselae Vibrio 

ECPs

.

ECPs , P. damselae

alkaline phosphatase acid phosphatase

, V. anguillarum

. , P. damselae caseinase

activity, elastase activity phospholipase activity

Kreger (1987)

P. damselae phospholipase activity

damselysin

. 

. V. harveyi

Liu (1996) protease, phospholipase,

haemolysin exotoxin

, Lee (1996, 1997)

Liu (1997) cystein protease exo-

toxin . 

. 

. , 

.

. 

Wang (1998) adherence

invasion rate , adherence

rate invasion rate

. P. damselae

EPC adherence rate inva-

sion rate

. 

Cytochalasin D actin polymerization

inhibitor microfilament 

, vincristin microtubule depolymer-

ize microtubule

(Rosenshine et al., 1994).

cytochalasin D

EPC invasion , microfil-

aments P. damselae vibrio 

. Vincristin

P. damselae V. anguillarum

microtubule polymerization P.

damselae V. anguillarum

.

protein tyrosine kinase phospholipase

C signaling pathway

Ca2+ level protein kinase C 

uptake 

(Kobayashi et al., 1989, Fig. 3). 

genistein protein tyrosine kinase

inhibitor (Akiyama et al., 1987) P. damse-

lae V. anguillarum invasion .
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inter-

nalization mechanism Vibrio spp. (Wang et al.,

1998), Aeromonas hydrophila (Tan et al., 1998) 

Edwardsiella tarda (Ling et al., 2000)

. Staurosporine protein kinase C

inhibitor (Tamaoki et al., 1986)

Calphostin C protein regulatory domain

protein kinase C

(Kobayashi et al., 1989), 

invasion .

BAPTA/AM Ca2+ chelator (Weiss

and Insel, 1991) P. damselae 

Wang (1998) V. anguillarum G/Virus/(3)

invasion . 

Ca2+ levels

villin gelsoin filament 

(Korn, 1982), invasion

. 

P. damselae vibrio 

, adherence inva-

sion

.

Vibrio (Horne and

Baxendale, 1983; Kano et al., 1989; Olsson et al.,

1996), (Baudin-Laurencin and German,

1987) (Grimes et al., 1985; Kano et al.,

1989) , route

, 

(Wang and Leung,

2000). internalization cytotoxicity

virulence mechanism (Wang et al.,

1998), P. damselae

. P. damselae

micro-

filament microtubule poly-

merization Ca2+ inva-

sion , P. damselae

Fig. 3. Integrin signalling pathways in cells: a working hypothesis. Integrin clustering activates cytoplasmic tyrosine kinase
by unidentified mechanism. PLC (phosphoinositidase C), PKC (Protein kinase C), PLD (phospholipase D), PI(3) kinase
(phosphoinositide-3-OH kinase).
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Vibrio invasion rate

cytotoxicity .

P. damselae P. damselae

damselysin phospholipase 

, 

cytotoxicity

.

, Paralichthys olivaceus 

Photobacterium damselae subsp. damselae Vib-

rio spp. (V. anguillarum, V. splendidus, V. harveyi

and V. ordalii) in vitro

. Extracellular products (ECPs)

, cell-

line . 

internalization signal transduction path-

ways signal transduction inhibitor

.

P. damselae phospholipase , 

, ,

vibrios internalization

. 

P. damselae

.

(
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