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Effects of Edwardsiella tarda ECPs on immune function

in olive flounder, Paralichthys olivaceus

Deok-Chan LEE

Department of Fish Pathology, Graduate School,
Pukyong National University

Abstract

Edwardsiellosis, affecting various species of cultured freshwater and marine
fishes is a serious bacterial disease causing high level of morbidity and mortality.
The many factors in pathogenic mechanisms of Edwardsiella tarda, causative agent
of edwardsiellosis need to elucidate yet, although some of the pathogenic
mechanisms on E. farde were known to slime layer, lipopolysaccharide and
siderophore. Among these factors, the extracellular preducts (ECPs) will be also
deeply concerned to the pathogenicity.

The main purpose of this work was to study the characteristics of ECPs
produced by E. tarda and their physiological and immunological effects on olive
flounder, Paralichthys olivaceus injected with E. tarda ECPs. In addition, the effects
of ECPs on the immune responses of olive flounder were surveyed in peripheral

blood leucocytes, head kidney macrophages and lymphocytes in vitro.

1. Characteristics of E. tarda ECPs

Five different strains of E. tarda isolated from various regions in Korea were

used in this work.

Samples were tested for the optimum conditions of ECPs production. The

optimum temperature and salinity of E. tarda strains for ECPs production were 2
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8T and 05-1% (w/v), respectively. The effects of the culture media for ECPs

production did not show any significant differences among tested kinds of media.
The properties of ECPs were examined enzymatic activity, hemolytic activity to

the sheep and the olive flounder erythrocytes, cytotoxic activity in the three types

of cell lines and the macrophage monolayer and the lethality of olive flounder.

There were observed that the ECPs had various enzymatic activity but protease,
gelatinase and phospholipase within  ECPs. Hemolytic activity of ECPs was
detected weak and slow against olive flounder-RBC and sheep-RBC. The
cytotoxicity of ECPs in the fish origin cell-lines, occurred weakly after 72hrs
incubation with ECPs. The ECPs protein of E. tarda showed lethal activity to the

olive flounder with a LDs of 6.8-12.5 ;g protein g fish.

2. Effects of E. tarda ECPs on the olive flounder

In this study, E. farda KE-1 was selected to the representative test strain because

of the highest virulence among tested strains.

The effects of E. tarda ECPs on the physiological and immunological function in
the olive flounder were evaluated for 7 days through intramuscularly injected with

0, 4 and 40 g fish” of 59.1 ¢, respectively.

The fish injected with 40 ug protein fish' showed a significant increase in the
glucose and total protein concentration in sera compared with the untreated

control, but showed a significant decrease in chemiluminescence (CL) response

compared with the untreated control.

These results were suggested that E. tarda ECPs could be a affecting factor in

the progress of edwardsiellosis.

3. Effect of E. tarda ECPs in immune response of olive flounder

The effect of supplementation of E. tards ECPs on the cellular immune system in
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olive flounder was investigated. The bacterial invasion and bactericidal activity of
kidney macrophage in olive flounder and changed according to the ECPs
concentration. Also peripheral leucocyte-mediated phagocytosis was effected by the
ECPs concentration. Low concentrations of E. farde ECPs could give an activating
effect to the bacterial invasion activity, CL response and bactericidal activity of the
macrophage at the concentration between 0.18-11.74 g protein mé". But the activity
of macrophage was significantly decreased in the higher concentration of E. tarda

ECPs, such as 40.17 g protein mi”.

Lymphocyte proliferation showed activated levels at high concentration (187.88 ug
protein m¢") of ECPs, although the level of stimulation effect was lowered
compared with others mitogens such as Concanavalin A, PHA and E. larda crude

LPS.

From these results, the higher concentration of E. tarda ECPs may suppressive
effect of the phagocytosis and bactericidal activity of peripheral leucocytes and
head kidney macrophages, as the non-specific cellular immune systems of olive
flounder. Resultly, L. tarde ECPs could make a environmental condition to

multiplicate of pathogen in the macrophages.

From the above results, it will be suggested that ECPs of E. tarda could work as
a virulence factor with the hemolytic and cytotoxic activities, the change of
physiological factors, glucose and total protein concentration, and suppress the
phagocytosis and/or bactericidal activity of peripheral leucocytes and head kidney

macrophages.
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7aE, AHTvrS, edwardsiellosis, pasteurellosis, scuticociliatidosis Fo] &2 ¢l
T} (Nakatsugawa, 1983; Kusuda and Kawai, 1998; & %, 1992). & A7 AHd
ol ok Jae] Dzt FrhEtar lem, |JAe AMg doys WYy Mgez
v Staphylococcus aureus, Lactococcus garvieae, Streptococcus iniae, Streptococcus sp.52)

3 ¥k At Edwardsiella tarda, Tenacibacteriurn maritimum, Photobacterium damselae,

Listonella (Vibrioy anguillarum, V. harveyi, V. ordalii, Vibrio sp. 79% & & + 4
thool % E tfardacl] 9] 3lsf o] uiFo] mj¢ g2, o] AA ot Ed

Ar B4 Aol 9@ EEAWH o]z AY Fue) Yol WRAMW Ly G
TYe] #dd} (Kusuda and Kawai, 1998; Austin and Austin, 1999). 53] #AHS



s ey 5402 A%t getayA Fo| Aavt AFHojolM FHie
A 75 Wele A of AW Aust diAd glo vi¢ Fasid

F ¥4 Ml E tarda= O-agglutination analysisoll 2}3led 4 serotype (A, B,
Cand D)o g B3 4 3dom, 2 FoA serotype A groupo| ©]F(53), W o])
A sl 7+ Fd =

AL gedA AHS X EHAAN, mullet, Mugil cephalus (Kusuda et al., 1976),

AL vehitt (Park et al, 1983). =3 o)2]d E. tardadl) 9§+

Crimson sea bream, Evynnis japonicus (Kusuda et al., 1977), olive flounder,
Paralichthys olivaceus (Nakatsugawa, 1983; Rashid et al, 1994; W 5, 1992), red sea
bream (Yasunaga ef al, 1982) %2} siitolol M= HaiE et &3], $8 ot
gtel o] F8 A3 it oFA GRS & ARl 57 Aty A Fste] 8
ol 10473 Hae] HAE Yepde, A2 @4 2AA e dF 9 A= £
ol = wAste] 5L FAMALES veldle slog 2AEHAG (T, 1992).
Heladle] =4 2zt (virulence factor)= HE(h) 59 oo el oz} &
e AN E BEE5S /AT 9k (Rudolph et al, 1994). Z8jBZ olHE Ay

o]
._r.r

o
=
o

b= Al e) ok 54 A o8 gdAde) wdog Ao ZalA 3
ok Algtel Agsin WA SAUANE S4, AE A4 (extracellular enzyme)
of MEY #A (intracellular enzyme) 2 71e} Q122 U= 4 Ao} (4 1996). =4
o 2{FA (exotoxin)?l MFELF| 4 (cytolysin)9} W= 4(endotoxin)Ql 2] F i
(lipopolysaccharide, LPS) % A4 A (cell wall protein)o] ¥ gt thakdt 4
X2 &4FA4 amylase, chitinase, chondrotinase, collagenase, DNase, elastase,
gelatinase, lipase, mucinase, lecithinase {or phospholipase) ¥ protease £9] T}orgl
ak7t gden, A¥U AAEE superoxide dismutase (SODY} catalase So| it}
{Yamada and Wakabayashi, 1999). ®£&} 7|e} Q12}&2 M= siderophore (Kokubo et al.,

1990), ¥ =, antiphagocytic surface antigen 18]1 HE Fo] At 49 AFER

A
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Hl 7@z iy @2 4F Uf SHoly HALAHEE, 528 FE BPYHoE
BHEH A 3] A4 FAdelut WHEl2AEH HElE deozitl (Lamas ef gl, 1994; 4},
1996). MEY &ihv A8 T &5 HAHX7E A3 oxygen radicals®) 48
AstAlg oz FAE BEse 98-S 3o (Totora et al, 2002).

ol F HAA ATFY AXEL PAHE 9§ pathogenicitys] B#d Hu= @l A
salmonicida®] ECPso|+ phospholipase (Huntly ef al., 1992), hemolysins (Rockey et
al., 1988) ¥ acetylcholinesterase (Pérez et al, 1998)F T3hH, vl A AL FA}
st =48 vehdtd (Cipriano et al, 1981)1 R 13t Th. B 3§ typical 2 atypical
A. salmonicida BECPso) ZE 35 o]l¥ major toxing metallo-caseinase %, AsaPle}il
F#85 Atlantic salmonol] 73 FAAL vebd ek olgt (Gudmundsdéttir et
al., 1990), Atlantic salmon leucocyte®] mitogen &% = Aoz Hy Hioh
(Gudmundsdéttir et al, 1995). coldwater vibriosiso] 9 oJF = 4% anemias}
extensive hemorrhages® Jelll=d], 53] oF2 internal organs FHE E4 £
o vehdrl. vl go] o]z gh A3l liver, spleen, nephrons ¥ muscle tissues2]
enthothelial cellsef A% vjelc} (Totland et al, 1988). ¢]& 3 £4L exotoxini
cytolytic enzymesol] 2]g Ho g FAEYem (Toranzo and Barja, 1993), ECPs2]
ol 5442 L anguillarum (Inamura et al, 1984), V. ovulnificus (Amaro et al.,
1992) & P. damselae subsp. damselae(Wang et al., 1998)d| M= ®H 1 H ) E3 tiger
prawn (Penaeuys monodon)e 22X e Eal® V. harveyi ECPs Wj2] protease,
phospholipase, haemolysins =& exotoxins7} WAl 83 AzY Aoz 43
Ao (Liu et al, 1996; Zhang and Austin, 2000), cysteine protease7} major
exotoxin 42 FHI LT (Lee et al, 1996, Lee et al., 1997; Liu et al, 1997).

Densemore ef al. (1998)c] w2, R. salmoningrum ECPst brook trout splenic
phagocytes®] respiratory burst®} phagocytic activity® A &A1719, A. hydrophiila

exotoxing FASE & 6A]ZbRlel] AFE FAE S {413 #Te] AN



(Kanai and Takagi, 1986), ¢]#3 %42 hemolysinsgl.z FH3F{ AT (Thune et al,
1986; Paniagua ef al, 1990). 12|} R. salmoninarum (Sakai et al, 1989; Grayson et
al., 1995), A. hydrophilla (Santos et al, 1987, Khalil and Mansour, 1997), A.
salmonicida (Cipriano ef al, 1981; Gunnlaundsdéitir and Gunnlaundsdéttir, 1997)3}+=
w2 E tfarda7}t A3} toxinso} Uidt A7 ols uIehEn], hemolysin (Watson
and White, 1979; Janda and Abbott, 1993; Kusuda and Kitadai, 1993; Hirono et al.,
1998}3} dermatotoxin (Ullah and Arai, 1983a, b)ell dist B2 7} o}

Inflammatory reaction@} specific immune responses= Bl-H4 v B g 59
who] 7] ztol Al v -§- FR3lc} (Lamas ef al, 1994). ECPsE ©o]&3% vaccination&
turbot3} rainbow troute] ™g L. nguillarum (Santos et al, 1991), soled] ti3gk V.
harveyi®} V. parahaemolyticus (Zorrila et al, 2003) % <dojo] gt A hydrophila
{Chadran et al, 2002) SoA ®Hao=gdch Teiv}d 2] dAd A= E tarda ECPse)
vaccine  #3}7} YERAHL (Salati et al, 1983) utehbA] eketh (Mekuchi et al,
1995)= Aoldk Rzt ok =, BHI brothell wjekst W &o] § E. tarda®] culture
filtrateE WAoo FAMSIA a7t HAED, WAAFE b= formalin killed cell®}
=2 SHFANE JePAIAY (Salati et al, 1983). w3 25T oA 964 7F vj 43 F
A& E terds ECPsE o gdle] 202 548 o 50uE 32g9 WA & F
AEFR S DERAL F2E Ao 20 sl 6 HAE vEhR] 9t
o, ECPsg2 w®mAAZ o Aa e g ojdds §FaT Aozt AdG
(Mekuchi et al., 1995).

ECPso] xg"  microbial superantigens= 7}&®  d$1¢]  conventional
mechanisms, % antigen presenting cell2] MHC-restricted mechanismsol <2}3}<
T-cell receptor2 #H3|d uvf FA3}= protein familyZ2 A (Marrack et al., 1990),
T-cell.2 @433} proinflammatory cytokines, tumor necrosis factor alpha(TNFa),

Interleukin(IL)-6, interferon gamma(IFNy) % IL-2¢] §¥u] 58 Z71A47]& 71509 2



t} (Choi et al, 1990; Llewelyn and Cohen, 2002). Z1gj1} o]&j3l AR Eu|:=
bacterial superantigen¥} exotoxin2] hostel]l 3t £4 AHAE A= AEE 3§
™ (Schlievert, 1982), o] 18t toxic shock syndromeS -F23}4A] A (Miethke
et al., 1992).
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Hole A g ARG SR G @A Asd oHEE An
ar, ol § ozl &% A& Aol Adtet o RN wHd FuY Frke &
2l e Qg AEke] 48 g9leg #&3T 2ot (Aoki and Kitao, 1981; Aoki
et al., 1987; Kou and Chung, 1980). (3t 25 otAle] ol W) 2{ 7ty 845
29 Fite] WE FFANAHY FAA o 59 AN FdE aqE W o {9
AR o Z1FE o] &¥ oEs=ryol tid AL Aojrlge] Aol K7L
A

ool e ile] AR 19606 A4 Hys]7]) AFaEte] daztA] AL&Heg
Z7}3t Qe (Evelyn, 1997), Edwardsiellosisol thgt vaccine®} AF& o/& HW
red sea breamoliA] FKC&} LPS (Salati et al, 1987a), eelollr HKC, FKCs} LPS %
A dAZRE GAE Fdo dig Bolgde] axrt FF5E6k 8ld (Song and
Kou, 1981; Song et al., 1983; Salati et al., 1987b). w3} v} (1994)2 FKCE 7} FA}
39S o =& wo] RS B ustdch 12U Mekuchi et al. (1995)2 gx|o) o g
W wgolA] FKC) 4 el 5 olfe degAw R84 ot B1 4%
7 2lol, F. tardes) vaccine® A2 wpgolut T W) wel chpd AuE e
+ Aow Wz

2 A7 53
¥ A7 Bae gx FAeld TSt o 2% 9AH F9 HUQ E tanda

7 el A FEAMAE (extracellular products, ECPs)ol] tigt 7|2 a2 47,



4w s BE 29 el ECPsel 75 werstndl stk oE Astel
E. tarda7l AA4sHs ECPse} A4S Folni, o AXe 4% TS o &
9 ¥Ae] B v 2 W 75 FAE G 2ASAY EF in vitroo] A
AT R B 77, 53 MEA 9 7% N E 9% FARDA 9

o},



A 1 &. Edwardsiella tarda ECPs2] 54

L AE
Aol ZEE oFe € H QA wepA it AFel WHI}, peR F
1 Z2Z ek e veldnh ol WEES oAl R gk diF wge=
A=, olejg R 22lole= virus, AT B 7IAETH 22 HETE A HAH
b 2eEY. ] v @A gl ZA dFE vAe AESH YA Fole

Mg HRAMEA E farda?} F Q3o

E tardeo] 28 93lE ohdbe B3e dehilsd, A4 23, 25 A5 of@
S5 gy o0 9d 5ol 9% 34 7, A% 9 uge] 2% 2448, 3 3r)e v
g o WE F4L el #HAR) o] ® o} (Kusuda and Salati, 1993). o]<}
o] HZFe AWE dodFy HAlel o2 3= delle MY aQe] Ty,
of Sz WAt WAsts ECPsx: 22 Zlog A5 ECPs7t 2% 24 2
#Hafell vz g EFel et A+ 2de A e dFolth o, E tardav} A3}
= ‘exotoxin’d]] djgk oA ECPs Ul hemolysins #t8 (Watson and White, 1979;
Janda and Abbot, 1993; Hirono ¢t al, 1998)3 =4 E &9 Ex2F 37|71 ¢F 37kDa
o]l (Suprapto et al, 1996) E7 o] dlg dermatotoxic activity (Ullah and Arai,
1983a, b) To] LA Aded Easith

2 Yol M E tardart AAsE AT AAB Sy G4 W

L

S 32
A Btk olF 9lste] Rel Al/lg A2t OE APE WE T5E dgsiger,
o|$x R ECPsZ 2alsldch 28hx E. tarda ECPs9) AlA4o] BASHE HHe) @
A A A H4gslT, olalg $4 solM P& ECPs] E4 B4 7wl

Aol & cytotoxic activity, WH=e] LDs 3 &4 4% Hlwatgich



IL Ag 2 39

1. Ay 45

2 Ao AHEH AFH FFe #E dFw Table 19 e AA Al aF
22& 199935E 20023 74#] U9 tieks R gellM Qx| Paralichthys olivaceusS}
turbot, Scophthalmus maximus©. 2 8¢ Fej¥ 5 @59 E tards 75 AHEstHch %

Z T2+ Gram-positive T7F¢l Streptococcus iniae 1%, Vibrionaceae 5 ECPs$]

2

F WA} vk WY Photobacterium damselae subsp. damselae (B 434 oA
B 249 o, da AgojERe] 2el) 123 Enterobacterianacae®] F Escherichia

coli 1& 2 E. tarda 2% (FSW910410 and SU100) & 55L& AF&39 )

Table 1. Bacterial strains used in this study

Strains Origin
: Streptococcus iniae ATCC49156 - -
Photobacterium damselae olive flounder Uliin, 1999
‘ subsp. damselae
Refrence O
. ; Escherichia coll ATCC25922 - -
strains o ;
FSW910410 : olive flounder Geoje, 1991
Edwardsiella tarda -
Shizuoka (Japan),
| PUIe elpondwater] gy
KE-1 ! olive flounder Phohang, 2000
KE2 ! olive flounder Uljin, 1999
Test . 5
. Edwardsiella tarda KE-3 i olive flounder Jeju, 2000
strains ekl .
KE-4 olive flounder Ulsan, 1999
KE-5 turbot Geoje, 2002




=z i3 F P. damselae subsp. damselae, E. coli @ E. tards 2335 (FSW910410%}
SU100)= ECPs enzymatic activity Al 2% AR&3g o, S. iniser= ECPs ¢l
o] %4 sololH hEFE AFEEATH

T3l E. tarda SU100 @5+ Y89 Shizuoka & A Wale] okalz}e] Al{F2H

Bl Faisden visAd d5o)d.

2. ECPs9] A4z
1) ECPs9] &

AN B ECPs &S Austin et al. (1998)o] 29§ cellophane overlay W2 Ap&
sHch A8 Al8-9 cellophane membraneS 1217, 1527 A#F3t4ch v A%
5l Tryptic Soy Agar (TSA, Difco) ¥ #ulx] $]ol| cellophane membranes 237,
Tryptic Soy Broth(TSB, Difco)ell 24A17F FF Hujkd A widld 200u¢E ©l
membrane o) 53 W dzFelBoz v itk Algde] HEE o
Hj ZJZ 27°C oA 48417 wjcksk ¥, cellophane membraned- A - petridishell 7]
1 0.1M phosphate buffer solution (PBS, pH 7.4) Im¢= A #Hale] mogrt. o] el
& 12,000xg, 4T, 1587t 4] Relste] F4dHE dem, o] 4A4e 045 & 02

um pore size2] syringe filter (Corning Inc.)& &3}3le] ECPs o & AF&3]H )

2) dd B3P

o} o] FHFE ECPs9] ¢z F T bovine serum albumin (BSA, Sigma)® #
Fo7 & Bradford (1976)0] 2]3 Wi o g ZAHEy, 20T Reddr Tda

o mhe} & ojx) ARgEHH

3. ECPs A2 AAQ zA

1y A =4



F. tarda ECPs 4] 37 27 Fobusl Astel Wk 2%, WY AT, AR ¥

=

T 2 oA 75 WA 7IEA AFsgoh g 20 9% A4FL 10, 18, 28 3
38CAHM 05% (w/v) NaCle] H7Fd TSA (Difco)sp A8 AF&381a] 48417 F<¢F A1 Y
g et sty on, wiek Alzhe] G AP L 38T 05% (w/v) NaCle]
#7}E TSA (Difco)f A2 0, 12, 24, 48, 72 2 9%6AIZF ot AP W& ujokald A 3
shgoh 2Ela w2 ] E% Feo % A8 051, 3,5 F 7% (w/v) NaClo]
78 TSA (Difco)E 48A17F 52t A PTS wieksld +dstdnh 2ala WA F+
o] 438 HgL TSA, Brain Heart Infusion Agar (BHIA, Difco), Heart Infusion Agar
(HIA, Difco) 2 Sheep-Blood Agar (e}2bA|eh)dl 0.5% NaCle|l H7bd W& 38T,

484170 5 wiekated aiA] e Forel ECPs A S S48t

2) &5 &

Wiz W] FdE #F87] 98 cellophane membrane #°] M#-& ECPs F
Z FA A} o] 01M PBS (pH 7.4) 1wt E A "3z o] & Miles and Misra (1938)
of e me} PBS (pH 7.4)2 @A 3 43le] TSA (Difcoyoll A3}star 27T, 48A)<¢

wekst 3 #4542 A9t #4545 colony forming unit (cfu) plate™ 2 ERRTH

3) ECPs & =A
wF ECPs g ZHa7] 9lste] 7)o ECPs Alze] whyol sl 2ol wulA g

=489
4) Statistical analysis

el ZHdd wE ECPse] AASo] Widt Ails Student's ttest2 B3l P <

005 4 o fFo)d Aol A Aew Bersdrt

_10_



4. ECPs?] a4 @4 A3
1) API zym kito] o|§ &4 84

ECPs W2o] tjaat fis A4S =337 9139 APlzym kit (BioMerieux, Spain)
9 Algdte] 24349 £, ECPs2 0.1M PBS (pH 7.4)2 3} 45}a) 12-164¢ protein
me! ¥EE s o] £94% APlzym kite] capsules] 7tz} E3F hg 27T, 4A3

S st Zas @A s

2) Proteolytic activity

ECPs2] proteolytic activitys> Sarath et al. (2001)2] whie] wle} &89t 714
¢l azocasein (Sigma) 0.1M tris-HCI (pH 7.2)8 2% (w/v) &) gtEo] AL&at4drh
o] 714 &< 250/4E 1.5m¢ microcentrifuge tubedl]l Wi 7] ECPs 150408 %7}
) 25CoA 305 %o 3 uerstdo) wler & 1.2 9] 10% trichloroacetic acid
= z7ieka 8,000xg, 5H3 A4 E ATt AN 1.2m-E H3te A@TA &7
o} 7)o 1.0M NaOH solution 14m¢E H7}3le 4M0nmollA] FJ5E =239} &

& EALe 01IM tris-HC (pH 7.2) 888 o] &3ld trypsin ¥5% 7} 5, 10, 20, 30, 40

2 50 mg m¢'o) HEF Alzsd AL&sQA

3) Hemolytic activity

Hemolytic activitys= Fouz et al. (1993)2] whle)] ule}l Hgsiao. &, 5% & A

ek Yx H3¥1rl A7E TSA (Difco)E 24zt A %38l punchz $9& 9hsm
o] 71el) 100 @ 400ug m? w2 ZAF ECPs 100402 #9139k ECPsE HZ3

WAE 27T, 9%6A17 Fob Mikstar, o Foel FHEUsE FA4EAS W hemolytic

activity WA o g w435

4) Phospholipase activity

-11 -



ECPs2] phosphplipase activity®] &322 Liu ef al. (1996)9] wWyjo]l wel 23314
ot &, 1% (v/v) egg yolk emulsion (Sigma)e] ¥ 3¢ TSA (Difco} #j &} punchZ
THE ED ofyld] 100 R 400u m! FEZ =AY ECPs 10008 FstaArh
ECPsE& HZF3 ulAF 27T, 48217 Fb s, 73 FHd FHF (500l &

5™ phospholipase activity <A 02 2438l ch.

5. ECPs9] in vitro cytotoxicity

E. tarda ECPs®] M3 =42 offF {H#ie] F3HAHE (cell-line), § BF-2 (Bluegill
fry), CHSE-214 (Chinnook salmon embryo) 2 EPC (Epithelioma papillosum cyprini)S-
AbEETh =% ECPse] @A AES ik F3¢E ol Y3t ANF
macrophages #2]8led monolayer® A 2sle] ALEEl3 ) (Table 2).

Eagle’s minimum essential medium (EMEM, Sigma)ell 10% Fetal bovine serum
(FBS, GibcoBRL)¥} 1% antibiotic-antimycotic agent {GibcoBRL)7} X2 & #7138l %
9] 7} cell-lined 1x10° cells me'2) %7} 952 2Aste 24-well plate (Corning
Inc)e] 7z} wellel] 1nt #-& HF33 18CAHA 2447 &5 widslsch v & 2
well o] A5 AA3, 7+ Ald F5F2] ECPs= 10% FBS7} #A7lg EMEMO g
Wl rxrl 0, 100 2 400 w7 HEE AFste] 7 wello] oA Fd8gch
Zy 39} ECPs7} HE¥ 24-well platel= 18T, 96A17F 5ot vjat3ld cell-lineo] AL
duE =HE9E (Olympus, CK-2)o.2 st vl wdelr ECPsE 7}
4] 222 well9] cell-lined izx72 3l NEZHA G (cytopathic effects)E &%)

gl Suprapto ef al, 1996).

_12_



Table 2. The cell-line strains used in vitro cytotoxicity test with ECPs

Cell type Origin
BF-2 Bluegill fry cells
cavine | CIQ;EQM Chinnook salmon embryo
—__];PC Epithe.liormrzmpapillosum cyprini
Macrophage monolayer’ fMa olive flounder .

* The cells isolated from the head kidney macrophage in olive flounder, used to pre-culture.

6. ECPs2] XA} %A

s Ajo] g ECPse] A4} %42 Reed and Miench (1938)¢] Wl e} =83}
Ack. &, FA TR 56x14g 27| YA thdd Fxel ECPs 100w E 177 FA
sk, dz-rel gaede olF 7 100ue) PBSE FAbetdrh 2t A@7E evtE] el

o, A= w4 A} B (50% lethal dose, LDs)E H &5 H )

7. Immunological double-diffusion
E. tarda ECPse] welslx 542 ulmst/] $lstel Ouchterlony ‘el &

double-diffusion technique$- A}&3 5t} (Haeney, 1990).

1) Anti-rabbit ECPs s}4 o] =&
E. tarda ECPo] th3r 83388 A7) 993l 128pg m'2 ZAY ECPs &4
Freund's complete adjuvantol] &2FA17# oF 15kge] 2 E7] H& 5% ool FA}b

sath 13 FAF 3 &9 ECPs 8§98 FlAo] Fasle 1A HE TUSH W2

_13_



2 wF 1300 FA 37 FASAO8, 14 4 F 55A9 $39) ECPs §4¢
adjuvant A7} glol FAleta 39 Fol AAMstch AYS Fhe Yo 243
ek MRS 4T M BWE FEHAAT of BAS 12,000xg 4T, SEF H4 2
ste] @4 Pelstn wERs] 0T was Bad weh Saa A8

t} (Catty and Raykundalia, 1988).

2) Immuno-diffusion technique

A 3]4 A& plastic petridish (500X12mm)o} 0.05M Veronal buffer (pH 8.6)5 o]
£3a] 1% agarose plateE A 23 & punchF o]&3led FHE wED 7o) z}
Ay grEreE By ECPs9) anti-rabbit ECPs & 100ut F¢3le] 4ol
overnight 3}o} atatgich wrg-of da= A He] 5o Fez2 dgstqie, ¥

S HA &7 Yl petridishel] 1% alcian blue &8 #H7}3tH ).

8. 471 9%

E. tarda ECPs®} profile® &<%I3}7] 9ste] Laemmli (1970)¢] wWR 2=
SDS-polyacrylamide gel electrophoresisg& 3}t ECPs+ 400ug protein m'E =3
3}ed 2xsample buffere} T E33lx 587 #F9d. Algv 5% (v/v) stocking gel
s} 12% (v/v) resolving gel 42 sample running2- mini-protean 1I system (BioRad)
©.2 40mA A 9087+ A3t Marker= Prestained Protein Molecular Weight
Marker (MBI Fermentas)& Al&-3t¥on], HA7] AFF geld Coomassie brilliant

biue R-250 staining solution®.& FM4slar, ooz st HA3AT}.

_14_



M. 23

1. ECPs 242 AA A
)WY ex

N8 F 33T FE BF 159 E tarde 72 0|83 MY £xo) G F49
Wato} ECPs Al4%o] et 2o Fig. 10] Gehy 2T

R g wE g exdl waA F4e) @t oA e (Fig 1-A). 3
F 5% FSW910410 @59 KE-1 o3+ 28TolA 713 & Adkes Aoz #F9FH
gtk et KE39H KESE 25o) tigh oA Autse a4¢ ned, KE3
FRE 18TAM, 2ex KES $3E 38CoM the 2250 nstd 3 e 2

=

g5k KE3 F33v thE 3712 g5 Hste 10To|A & Agtes AR

1

#EEoen (P<05), 18TAME Ad #F EF7 vke #4545 Jehd ok
FSW910410 3¢ KE-1 ##59 3 44 2% 99 28Tz 52, KE1
TF7F FSW910410 T3t KE3 @0l #ldte] @2 #5E detd
2]3t 38TelM KES @t & A d5e 447 So5s AFS Hole A
hE 93l o So} FSWI10410 #39) KE3 #3o) wldld o 2e #4542 JE
Uk (P<0.05).

Wik 2wel] WE L. tarde 2] ECPs AL =AM Axts Fig. 1-Bol el gl
ch 28T oA Wikl S W ZE HF FFolA 7hd $2 ECPsE BAsdd. ot
KE-39] 2% 18 9 38TME th2 329 AY #30 Hldle] T ECPsE AA 3

= Aer #AHUL

_15_
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Fig. 1. Effect of temperature on the production of Edwardsiella tarda ECPs in the
tryptic soy agar for 48hrs. A, Bacterial cell number and B, ECPs concentration

in each temperature.
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2) 4% 5%

A1y o7 3FH FE @5 159 E farda ECPs oA w2 W §& F=71 7
A= Gkl 3 A Fig 200 Jeh A

theket 98 et B7hE TSA WA E tards #5422 Z7} A= Fig 2-Ad)
vehITh & AEE wiAE 4827 wgE §F 4 98 TR 42 F4+F 8]l
& wiA W F NaCl F7bge] 1%el20s o 7 2 Agte Aoz zAEA oo,
olF A¥ FEV SEE 79 Svhe #3738 PAse AYE By Az A
F2 AMR-E FSWI10410 752 ol 1 ¥ 3%elM o2& A8 #F2 g vlg
o $& 2o YET (p<0.05).

gdst 48 sEoAM e T el ECPse] 4o td At Fig. 2-Boll v
WA Aol F7hE 9% F57F 05 2 1% (w/v) old& W ECPs Ad 5ol &7
velden, 48 F=s 3% ol dE FAHE A 5% ol gelxe A A4
ghAl Rate Aoz #FAHJ aEy Fd
94 Aol dehA kT (p<0.05).

&

sEq AF 4 NG #F Aol

- 17 -



10x1012

1x10'7

100x10°¢
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1x10°%

100x10°®
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100x10%
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-

ER FSwg10410

T

T T T

N FSW910410
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N KE-3
C__JKE-5

Satinity (%)

Fig. 2. Effect of salt concentration on the production of Edwardsiella tarda ECPs in

the tryptic soy agar for 48hrs. A, bacterial cell number and B, concentration

of ECPs in under the each NaCl culturing conditions.



3) Mg At

E. tarda 2] ECPs A Ao vlx|= vk Azbe] o8& ZA ¢ A Fig 39 o
el it

Wik A Aol W& 7h Agde) @4 W3hs Fig 3-A¢ gk g4 g F
48 N A7 wEd) 43Sl of 72A e Aol @4E Rk ol F e
Blgzaa fAEAY T dA4e BFEJAAY BATHEE %A A e da WE
e feld Aozt #aEA FPth (p<0.05).

Fig. 3-BE ®iF At o] wb2 E. tards ECPso] A AL ZAG A0S UERA
Folth. ECPs A4 =t 48414 A] 1 <Fo] F243] Fr1elen, 48417 o] -9
T oEleE AR b §ol A Abol= vbERUA gkskTh (p<0.05). Tk, KE3 #F9 7%
wif Alzhel] e ECPs Aol F71r the g7 Blete] 2 Aog FAlY
Ao, 53] Wt F 24A 7R o= ECPs A #o] of 2 3% F3o Hidted K93

o= ke (p<0.05).
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Fig. 3. Effect of culturing time length on the production of Edwardsiclla tarda ECPs
in the ftryptic soy agar at 28C. A, bacterial cell number and B, ECPs

concentration in each culturing time.
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4 WA F5%

WA FFHF E tarda 7o) 4 ECPs Ao} vlAE %S 54 A Fig
4ol e Aot

7t #FE HEF AE A FF web 287, 48417 B2t vk AL o A
@59 Aolel] thE 48 Aze Fig. 4AdMe gk F, wjA] FHA BE giE
FoAAQ Aozt vehtA eksith (p<0.05).

2] FHo) whE ECPse] A4 %e ZAe A Fig 4+BolA g 2o BHIAGA
ECPs Aol waton}, wj= FHol @ ECPs AA4FoAe] fela2) ao]s 1}
Bl ) ehgte} (p<0.05).
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Fig. 4. Effect of each culture medium on the production of Edwardsiella tarda ECPs
at 28T for 48hrs. A, bacterial cell number and B, ECPs concentration in each

culiure media.
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2. ECPs9] &4 4 Ay
1) APIzym kito] ©]gt &4 &4

4 NP #F WE: 759 ECPsE APlzym kito] #£38}a] enzymatic activity S
=33 A= Table 39 el AJE 5 55 alkaline phosphatase, acid
phosphatase, naphthol AS-BI phosphohydrolase 2! N-acetyl-f-glucosaminidase o} A
FAE HEUIUT, o] BL AN ZF S49E UEUTE £3 esterase]
et o e E o frda HFEE FA4S YERR IS AE

E. tarda SU100L esterase9} naphthol AS-BI phosphohydrolases) A t}& E.

A5 KE290M &4

wio

7

%
arda FFETE AelF EbA e

2) Proteolytic activity

Trypsing standard control2 &te] A# F3F9 H3F #F ECPs2| protease
activity 2 A8 A, 29| E mrda 3 5% FSW9104109F  SU100, 2231 5
2ol Ay FF HFA protease activityZt vERA & Aoz zANE UG

(Table 4).

3) Hemolytic activity

F HA¥7d dA HEYE AT A £HE 32 7 48 dFENEH 299
ECPsE& FY&ted 2447t 2 72A)3bof] hemolytic activityE ZAFSFGETE. #H-3- 2424)3¢
5 o AY-prE g vjAl oA KE-3 #F9) ECPs o] hemolytic activityE R ¢
o} Hreo oFgl Al el on, P. damselae subsp. damselae, E. coli @ Unx] 6£9

E. tarda ECPsoll A& LiEFLEA] ghotth.

- 23 -



Table 3. Enzymatic activity of Edwardsiella tarda ECPs in APlzym kit

Characteristics

P.
damselae’

. 2
. coli

FSW
910410

SU100

Edwardsiella tarda

KE-1 KE-3 | KE-4

KE-5

alkaline phosphatase

esterase

esterase lipase

lipase

leucine arylamidase

valine arylamidase

cysteine arylamidase

trypsin

acid phosphatase

a-chymotrypsin

naphthol AS-BI
phosphohydrolase

B-galactosidase

a-galactosidase

B-glucuronidase

a-glucosidase

B-glucosidase

N ;acetyl—ﬂ-
glucosaminidase

a-mannosidase

a-fucosidase

1, Photobacterium damselae subsp. damselae.

2, Escherichia coli.

w, weakly reaction.
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Wzl AE7E7 F71E s Aol A e] hemolytic activity= 5. iniae #¢] ECPsoll A 7
A vebstes (Rtse YehlA 94F), E colio 6F 2] E. tarda ECPsE H7}sl A&
u hemolytic activity7} VERER] @dghoh, 12y 629 E tardes ECPsE FHE2F &
72/ Ao B3] AE7E P HE wiA o)A k8 hemolytic activity7h vEhtE Ao

gol5 %t} (Table 4).

4) Phospholipase activity
Egg yolk emulsion®] #H7lE TSA Ao HEFslo widst 2&9] E tards 3= o
Q1 FSW910410¢} SUT00 @ 5%¢9) A3 T ECPs9] phospholipase activity= @ #

T A gkstt) (Table 4).

3. ECPs®] in vitro cytotoxicity

oF Ty celldine 353 dx9 AJFoZHE #2]8 macrophage monolayero]
& cytotoxicity S &A3F Z= Table 49} Fig. 50 dellidck oHF Fae
cell-lineQl BF-2, CHSE-214 ¥ EPC, 712]31 macrophage monolayere| E. farda ECPs
2 400p wi'®) HE BEoF SA Azksk] 18CeNA uleFatdth wleF F 48 Al
of & A@FXA cytotoxic activityZ7} VFEFLFR] SEgEAIRE, wlF 72A174R 6] BE-2%}
CHSE-2141 4] ECPsE& 71319 & o MX HA &3 (cytopathic effect, CPE)7}
A BEHY 1Yy EPCe macrophage monolayerdfi A= HE WA g7
€hi}x] e49ht} (Table 4).
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Table 4. Proteolytic, hemolytic, phospholipase and cytotoxic activity of Edwardsiella

tarda extracellular products

]
Photoba- Edwardsiella tarda
. cterium | Escheric-|
ECPs of strain damselae hia coi | Bsw
_| Hia coli
ssp.dlam SU100| KE-1 | KE2 | KE-3 | KE4 | KE-5
910410
Proteolytic activity + + - - - - - - -
S-RBC - - - - - - + - -
24hrs R i =
Hemolytic| | _F‘RBC + 3 . ‘ - : ) -
activity S-RBC - - - - - - + - -
72hrs -t e
F-RBC + - + - + - + + +
Phospholipase activity + - - - - - - - -
! Sl-u. _ ~ - - : - - - - -
,,,,, | S e
24hr - - - - - - - - -
BF-2 e A . O
48hr + - - - - - - - -
72hr + + + + + +/_ ||+ -
8hr | - - - - ; - - . .
CHSE | 24hr - . T
-214 48hr + - - . - - PO . -
Cytotoxic 72hr + +/_ + + + SO A N N
effect 8hr . . . R _ i} _ _ _
24hr + - - - - - - - -
EPC S R I
! 48hr + - - - - . - - -
72hr + +/_ + +/- + 0+ + L+ -
8hr - - - - - - - - -
24hr - - - - - - - - -
FMa 7 T
48hr +/- . - . - . _ S
7Zhr +/- - - +/- - +/- - - 1} +/-

R-RBC, rabbit red blood cells; F-RBC, flounder red blood cells; BF-2, bluegill fry; CHSE-214,
Chinnook salmon embryo; EPC, Epithelioma papillosum cyprini; FHM, fathead minnow ; FMa, flounder

macrophage, macrophage monolayer.
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Fig. 5. Phase-contrast micrographs of three cultured cell lines, BF-2 (A and B),
CHSE-214 (C and D) and EPC (E and F) and head kidney macrophage
monolayer of olive flounder(G and H) administrated with different
Edwardsiella  tarda ECPs. The left columns (A, C, E and G) were
unadministrated control and The right columns (B, D, F and H) were
administrated with ECPs (400u¢ m¢") for 72hrs.
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4. ECPs9] XA} 54
7 F79 HU4 Yo ECPse) 54 FwF =4ty 95 24 PF9) ECPE
2% FAH2 519 LDug Z4a9or Ase Table 591 Yepch. Ald

%7

fe]
A, A8 759 E tarda®] LDsp2 1027107 cfu fish's 1}eh} KE1 #30 WY

bl

Mol 7} A Reg zelHgor SU-1002 10° cfu fish' o] Exelr HAL7}

43hA) Ftty. 3 ECPs9] LDsp 6.80-1250p g fishz 1 gck SU-1003 E.

coli®) ECPs2} LD50 Z4 AN 30.0ug g’ fishe] w=od #A7r JerdA skt

Table 5. Pathogenic effect and LDsp on the olive flounder, Paralichthys olivaceus

injected with Edwardsiella tarda cxtracellular products or injected with each

bacterium

Photobact Edwardsiella tarda

erium | Cscheric-————

ECP of strain damselae | .
ssp.dam- | hia coli | FSW

selae 910410

SU-100 | KE-1 | KE-2 | KE-3 | KE4 | KE-5

96hr-LDsy, ECPs g
S 1250 | >80 | 750 | >30 | 7.14 1250 | 820 | ND | 680
protein g fish ;

96hr-LDs,
bacterium cfu ND ND | 1077 >10%% 10*% | 107 | 10*% | 10*% | 10°7

(im. injection) l J

LDsy, 50% lethal dose; cfu, colony forming units; ND, not determined; im. injection,

intramuscularly injection.
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5. Immunological double-diffusion

Fz FF F W94 @52 E tards FSW910410 ECPsE oz 3l & 3
27 83 7} @39 ECPsT wHEAlZl 23 Fig. 6olAsh 2o} w3 Ax E
coli, P. damselae subsp. damselae, S. inige®} E. tarda SU100 9 Ao vehy
A epgkon} FFE #Fl E tarda FSWI10410 B Th2 A { dAF e A4S ¥4

st

Fig. 6. Ouchterlony immunodiffusion analysis of Edwardsiella tarda ECPs. The
QOuchterlony plate showing a single precipitin line with rabbit anti-E. tarda
KE-1 ECPs in the center well and bacterial ECPs the side well. The single
precipitin line suggests a single protein in the E. tarda KE-1 ECPs used as

antigen.
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6. 71 4F
7} E. tarda BCPsZE A7) %3t} A& protein profiled] 3 HAi= Fig. 7o 1
Bhigich 43 #F3F ECPsY protein profile @5 7+ zpolzk el A gten, 3

Z #F<9) FSW9104103} SU1001} 2] Bl GLe] A% protein profile®] ol vleh}=] ¢

skt

Test strains Reference strains
Edwardsiella. tarda “ E. tarda é._ T z
[T S 173 @
x X = S v = °§F %
= = ; = ; 8 = nooe &
I H
34 A w ™ — = 5 g
o &
=R
o 1
?

OO0 118kDa, B-galctosidase
00O 86kDa, BSA

OO0 47kDa, Ovalbumin

[OC) 34kDa, Carbenic anhydrase

00O 26kDa, B-lactoglobulin

Fig. 7. Protein profile of ECPs, test strains and reference strains in 12%

polyacrylamide gel.
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olf WU AFY AFXJMAE (ECPs)e =49 thgd a42 ga3tn 9o
Z3 &A% Ygozith A hydrophilas cytotoxins$} proteased #38t ojA EF
H8-8 F53%}= motile aeromonas septicemia (MAS)7} el (Ventura ef al.,
1988), L. anguillarum ECPs+= A. salmonicida®] &  glycerophospholipid cholesterol
acyltransferase (GCAT)Z %3t 425 (Lee and Ellis, 1990), V. vulnificuse] 417
A A8 anhydrotetrodotoxing &3t A (Simidu et al, 1987)0.2 #1E<
o} Atypical A. salmonicida ECPsel] X35 ©] I+ protease (metalo-caseinase, AsalP’l)
2} membrane-damaging toxins (cyolysins, hemolycins and phospholipase) & ©]
o] HAMd F8F 9ES 3l0 (Rockey et al, 1988; Austin ef al, 1998; Ellis,
1997; Gunnlaugsdottir and Gudmundsdottir, 1997; Hoie et al, 1999), si3F 3A A&
FAE 54 Jehl A Y (Cipriano ef al, 1981). 12y} R. salmoninarum (Bandin
et al., 1991), P. anguilliceptica (Wakabayashi and Egusa, 1972) ¥ V. ordalii 5o} 4]
e ECPst H40] gAY obF obalAl Uelkt (Kodama ef al, 1984). %2 W3]
o] o WHHQ E tardav} AAE)= ECPs2] 79, dermatotoxin (Ullah and Arai,
1983a, b)3 hemolysin (Kusuda and Kitadai, 1993; Watson and White, 1979) % 9]
Huwo] glom, ool AEWY obr]et ECPsd] EAjste opddt &2 54 79
2 YA 71As weled $astE2 B AdME E tardavt A AsteE ECPse) &
el it =AMEA -

Wk z27e] W& E tards ECPse MA%S #olayl 9ste MY &5, 4% ¥
£, W9 A2 R o) AgHE wAe FRel U A¥%E duTh wE FRE
E. tards 3% #F<) FSWIL0410 #5332 A3ty 2 #5724 KE-1, KE3 %2
KES €58 Agalalisn ot olu2d A3} KE29) KE49) wje %40] KE13}
farels sl W ol
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E.tarda®) 7t @& WF exd] gE @) Wit tE2A Jedc 4843 W
T BZ AFE ALEE FSWI10410 59 KE-1 571 28T A 714 & Agte A
o2 Y on, KE3 73y 18T A 18] KES F5& 38T ol4dA%E o
dFE] viate & Agts ZHeR AHUATH 19799, A& ok BFRREH B
2) g E. tarda EF-1 $#39) wjof X3 10~45C ojglon, AR £X& 37T oo

B, o] £E HG & YoM 4Esc] 343 ZAsEn (Ishihara and

Kusuda, 1982). o] A& olF9) A% exel me 7127 44 wF £57) 08 5
22 oJvlste, Agel gop e BEs el BESE dol BE 4 9L 9

pl3he Azbgich wE wlof Sxo mE 7 AW FEe ECPs AL =3 7
28Col A wikR FolA 7HA =A A EUTH

E. tarda 79 ECPs QAo vale 98 v59 3% g A}, g 3 484
A wiA] W F NaCl #zhekel 1% (w/v)elds o 71 2 Aepe sz =4}
Hon, olF 4¥ wwvl FAESE Fo Frhe TAY FaHE AL BRYT

o]
1

i)

o mE ECPse g0l e A, 05 % 1%2] NaCle] H7pg wf Aol

rJllI

o] ECPs A5l %A yehsten, o|F 73] st 5% olddMe Ao A4
82 23l Mo gl Ar). Ishihara and Kusuda (1982)¢] ©8lw oFa) WAooz
Hel B9 E fords F39) A G FEE 1% (w/v) o]gled, o]F d&ser}
Vs QEgol PolA s%olAE APstA Eeths Autst 2 Age] dAls
W, # AdFolA 7% fEel HIPE wiA A ECPsE L7 A3 ed o7 &
Ao} AME® E. tarda #F-E0] sitol2RE Rld zoly] dEY Aoz AR
t}.

E. tarde ECPs Aol A vk A7he 48AZ-7kA] FA3A S7He ol F ghuksto]
of 7241el HW wHE VERA S 48A1 R 9k T2A bR Alelo] o4 Rpo|e
#asi A edgith (p<0.05). L3 wjk A)7hol WE L. tarde ECPse] WAL 2A}F

A%, KE13 AS|@ 3 @52 ECPs 44FE e F 48200 718 57 depe
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™, ol FAH Fol vehtA skt (p<0.05).

=] FfFl ©E ECPsel FAFS xALES o, BHIACA ECPs 4 Zo] B3t
21} TSA, HIA, BHIA % sheep blood Agar Ale]2] #2J3 aboli= JEMGA ggtrt
o8y V. carcharige= TSAo} vl&l<a] peptone agar, nutrient agar == BHIA®| A} 4]
A5 H S wl protease activityZ} Al el @ o™ (Lee et al, 1999), V.
vulnificus’= HI brothel] A} ECPs Al A%so] 714 £ Aoz Jeldth (4, 1996). ol R
2 98 HFEo] ARSI 9Y AR o] plant source KT} animal source (horse
serum, grouper meat or peptone)S #7183 W} ECPs protease activity7} %7] uj
= HgIt} (Lee ef al, 1999; v, 1996).
Zt Fx: d59 AP TF ECPsol| thEt enzymatic activity® 3§ Ay, A8 #
F R esterase?} naphthol AS-BI phosphohydrolaseol X 2fz7te] zbol7t loyg t}
£ enzymatic activityolde S48 AAE JeENAY. 5 APlzym kitE o] & 3&}o
thkdl a4 FAEL ZAHE A, E tarda A8 TF+ alkaline phosphatase, acid
phosphatase % N-acetyl-p-glucosaminidaser} <& el o, SU100, KE-2 2
KE-5+= esterase 5412, SU100:= naphthol AS-BI phosphohydrolaseo] X &4 e}
Walch 2Ear e A] 14712] 2] enzymatic activity | A& 25 S49 € HERAU
o Wgo] FAgel ASFERE 9 vsAd 459 SUNC (lida and
Wakabayashi, 1993)2 t©}& WA E tarda o529} dHl oA esterase®} naphthol
AS-BI phosphohydrolases] @48 tehix ol o5 &x7h WeAD Baol AL
Aoz FHHU AN E terds AL} B ECPs Fo] G40 AP Haue A
o)t}

Proteolytic activitys A1g3st A3, Aol A3 BE E tarda ECPsv 45 U

ra

¢

Bu

=]
-

R AE 3 Hok HEFE o] &3 hemolytic activity FAHAMNM Ald d5 F KE-3
A egt &5 FF9 ECPs7t 45 YeEplony, g2 J87FE o] &3 A PolA

4P TF ECPsE 48AH] 48 dehioy 72400 okg 34

Hu

)
o

rin
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el ojF fFd Al EF< BF-2, CHSE-214 9 EPCE o] €8 cytotoxic activity
A= 4 AlY TF ECPsE AF8 § oF 7243skol BF-29F CHSE-2140l4 23l
ME WA &d7 Jehdeu EPCSE WX macrophage monolayers o] &
cytotoxic activity Ao M= ofwl ME WA AdE vehgA] gt ol dAie
L. anguillarum ECPsE EPCell WHg-A|7]H 408 FRHE AlXe] wWdo] gojiiy, o

9% Foll= A9 A= (Wang ef al, 1998), A. salmonicidazl 4335H= ECPsE o]

s

F e cellllined 2217 oo I #stE 2 (Madetoja et al, 2003)0) u]3}o]
tarda ECPs2] hemolytic 3 cytolytic activity= o9 2%t Ao 2 Holn, 72417t ol F
of o]23 @Ae] Ueh}Es AL E farda ECPs7} 7hAlE EA4o] YAlo} 4v|Hoz
Agele 55 50|48 ARG B ATV WAH 44 AAE E larda )
54 WE Aoz Y48

L. anguillarumo] ECPsell 9]t LDxX¥E 4.5-73u¢ ECPs protein g’ fisho]H
(Kodama et al., 1984), V. ordaliiz= >1,080 (Mohamed et al,, 1985), V. damselae (Fouz
et al, 1993)= 0.05-3.7, A. salmonicida (Hackett et al., 1984} 2.5-9.8ug ECPs protein
g'l fishe]¢lthk. Inamura et al. (1984)2 L. anguillarume] ECPse} %t proteolytic

activity®] =3 oA ECPs9) lethal toxicity9} protease level Alolo] T Ao &L

r_\'i

e Ba3gEc 18y Kodama et al. (1984)2 o]F 9] vibriosis €A} ECPs7}

%

A FraEM FFE vz stk & AN E trda AP oF ECPse] =

el
2

g LDso. 3 VERJ2on, 11 M9 6.80-12.50ug protein g’ fish2 vhebytct.
Double-diffusion %Y 2} SDS-PAGE®] o]t th¥lal 43 BMelr] z} A3 a5 A}
ole g Sd =4 zolrt vEUA g Aor A0H AT
B Aol AR, E tarda ECPs+= 28T, 05-1%9] dE8 =71 /3 dviF wjAjd
A Aol vh Wkt @A HE 7ol thek hemolyctic activity, Z22}31 o 7 2
A 21 BF-29} CHSE-2149 thgt cytotoxic activityZ} ECPs9} whE-3h 3 724 7H#) o)

Ltel7) AjAbstgom, A8 739 LDl 6.80-12.50ug protein ¢ fish& v}elygch
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22 E. tarda ECPse WA o) g %40 748tA @ew, 2 Hgo g dFel

717 B A3 YElUA 39 JES vAle AoE Atndth
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V. 8 ¢

oFgt Ao A Bel® E tarda TF7F AASHE ECPs2] HA%S AN A,
Mol &5 270, 9% BEE 051% (w/v)olAl ECPse] Aol 713 Fshew,
Hl A Z5Ho] mE Fge Fe Aoz AU

el HZA M FolM AP ECPse) SA2 4AY¥ TF E5F esterase9}
naphthol AS-BI phosphohydrolaseo} 4] ¢fzte]  =zpeol7p 1o} &  enzymatic
activityel &= T3 235 YeE U proteolytic activitye VHERUR] d%ten,
hemolytic activity 8 oF3t# o #12] vGehdA) o ez @@= ok ort KE3
wadl A whe 24x2F Fol sheep-RBC7F X §Hd plated] A &F3 FHdo=z vepddth
AFe #F 2FA WE $ 24A)7F o] Hel cytotoxicityZ}t #<QIH Al &, 724
ol Fof] oF3t UL YA WS ek oleld AR v)Fo] E tardav}l 474
3l ECPse E484S ZtA Jelhlal ¥ 7o s Axg

s

& E tarda7} AA8E ECPst= Ouchtelony ¥-& o] 83 immunodiffusion}

i

SDS-PAGES] ojat Agdla A8 #57 $97 zolg JehtA wsich
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A 2 & dxjol g Eduardsiella tarda ECPs2] g%

L 4E&

A. hydrophila®] ECPs W a- ¥ B-hemolytic toxing Joje} Fx74o)e] #HArtel] 9
&S Fi= Aoz 28A dod, A toxing FAG Yeol= AFE FARE W
9} SAISE 93 =47 ZE e hemolysis?l #2dvtn Hu H9lew (Kanai
and Takagi, 1986; Thune, 1986). A. salmonicida®] ECPs& FAlg doj e
furunculosis®} ##E 3 WA 7 s} (Ellis ef al, 1981). 18y ofF W YA E
tardaz} A3 ECPsel B3 A28 3 Wy W g8y dye A7 44

°olH,

dm

5] toxinsel] t]F H ¥ dermatotoxin (Ullah and Arai, 1983ab)3}
hemolysin (Kusuda and Kitadai, 1993; Watson and White, 1979) 5o th$h o F
ol A7t AY Axolty o T E. tarde ECPsH g Alske] 253kg 7|9 E7]0
FALSAS o, 3-8A7F & Ew (erythema)’} UENIY, 57Y §F RF (oedema)E
dode HREARS Vehgy, 80Tl A & dZejelr BLA "o
T} (Ullah and Arai, 1983).

B 4o BHE E farde ECPsS Aol 47 535S of, ojra Waugol o
olll=A 2 Qolr A FPch o= s 0, 4 2 40ug ne'Ql crude ECPs solution
S Azst gAol FAstE o AHdHH vzt AXEA hematocrit A, HF
glucose, total protein #¥ 3 Alanine aminotransferase (ALT)$} Aspatate
aminotransferase (AST) =] wszlg Felslgeoen, wWYEs XFEEH JA
lysozyme activity9} bactericidal activity % 41 macrophage®] chemiluminescence

(CL) responseZ =435 FHo}
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IL As 2 Py

1. o F

AP AL&H g, Paralichthys olivaceust= A F 59} 7139 dojFo Ry HIF

fr

wokth HAAeE AFE 56214 go] dxg ECPse] Z4 A4 Algdgdon, &2
AF 591131 g9 WAL ECPs FA F vehvke Hejdty 3 A998y 93 2A

a7l sig Agolz Algednh ¥4 we AL 29 § 259U ¢XNF HUo
&A% FolE 19 13 4UE AR (ATAYAR)E FFHAG. 48 Fee

16-18C ol A9 713 ¢ Holg #H38A «sdrh

2. A8 45
Ao A 83 L tarda B2 @59 48 55 GAd FA8 LDwAE dil,

olF MTF F FEAol M 4 KE1 55 £ HYol &30 (Table 7).

3. ECPs9| £ 2 A

Aldde] ECPs 22 A|1FoA] ¢153 Austin ef al. (1998)¢] cellophane overlay
B2 AlSExHer, F£HlH ECPse @l Fx & bovine serum albumin (BSA,
Sigma)s W FO.2 Fa] Bradford (1976)<) 93 Wy o= =AYt Fel¥ E

tarda ECPst= 20T oA B@std s a4 ua} mod A3

4. Crude ECPs9] 5 A A7

g2 thgh E. tarde ECPs®] =42 Amaro ef al. (1992)9] Wyo g st
owld FRE 0, 04, 4, 40 2 4004 w' crude ECPs solutiong #lzstgch 7
=g FulE ECPsZ BF #%o| 56g3 W svjejde] ztzh 100 fish'2 2%

FA}Eld AE FA} B} 0, 00714, 00714 0714 2 714 4 g fish7t H4 A3,
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FAF & 149 U AAE wBshEch AR olFE obivg EaldMe ANE
AAsh 7 W W Ao R AFS MAS st HA 99 FAsw

5. ECPs 3359 54 Ad

28353 ECPs9 ZA A @& Suprapto et al. (1996)2] W o g g} Crude
ECPse] #8&2& DEAE-sepharose columng o]-83% HPLCE o]Fo|Ho. 02m pore
size?] FA17) 8 37)8 AHEsle g ECPsZ columne] F#FA]7]1 1M NaClel
TH9 00IM TrisHCl 9398 AHE3H 1nt min'e) 52 £2X7T 839
7} fraction® AP F 2mE FH3ld 3= 280nmolAd @Y F2E £
EAL peak3 Byt Al Feo] o 56g <l AXT HA 8 vl vie] @ 100pE FA

sted 1093 WAbs BAE A

6. A&

\q%)9] E. tards ECPsol| digh ded Aol wats zAlsbr] 9k ECPs %o ¥
A A7) mE Fo) 44s RAEATH S, 400ug ne'Q) crude ECPs9} 10v]2 3]
M3 ECPsE HF 59.1:3.1g 2719} Y| %7 100 fish'Z FAlste] A5 vE7}
7t7} 0.0677 2 0.677p¢ g fish7h H=S adck z @7 oFE 25vie)4 ol

CFAF R 1,35 2 7986 24 APEERE 7tz avlele) JAE RaANE He
o 50 ppm9) ofu)werAFAl oY FRAoR wpHEw PlRAWoRRE In £
o] 184 FA1718 ol43te] ABHAG. AP dde) ARe Ao 7 =4
29)9} hematocrit %] 3¢S 8t AMg3tglon, U Ae 39 Yy A4S #ls)
7l glstel @y Relol Abgarsich

7. ECPs7} a9 A Ao} vA+= 4%

1) Hematocrit
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2 ¥oje] hematocrit ] Wedemeyer and Nelson (1975)¢] dyje] wa} o]fo] H
o Z AgTe didoizgE EHY €48 hematocrit %] =38 heparinized
capillary tube (Chase Instrument Co.)oll AEA|7]3 12,000xg, 58 94 2235ty

th 2 Eoj2l hematocrit Al DA Y=ol g 7 %2 FIsdArh

2) @49 B9 HE
4 AP HEERY 2 €98 1M T AN WA E, 4TAA
2717 Fet g #5471 F 10,000xg, 1083 944 Eddd @38 40t )R

A Bed g9e 700 nuse Aael oa SolN gzte) APel ALEaHT

Bajstel By Fold  HAEL  o)LEe]  glucose 3,  AST  (aspatate
aminotransferase, GOT)®} ALT (alanine aminotransferase, GPT) %}, total protein &
o] wzlg zZAsgd. ¥% F  glucose FE O OALHE, ALT9 ASTE
Reitman-Frankel -2, Z12]3 total proteind Biuret §-& o] &3 %oy, 2 FJE9

e gl 4% HALE kit (chAHE Agetgch

8. ECPs7} |d A9 Wutgo vA:= G
ECPs7} gx9 Hgutgo vz 45ks gelslr) f8td Agoje] "Ayxn 4%
macrophages Ee]dte] Zrzhe] A8 AJ&3HD

1) 4 1} lysozyme &4
834 U 9] lysozyme activity &4 Lange et al. (2001)2] Wo] oz} =43 )
96 well plate {Packard) Z} wellol]l 10044 9] phosphate buffer sol. (PBS, pH 6.2)& 3

718ty Beke] HAS Hrlele 22 83 WAl HASEFH Tl Micrococcus lysodetkticus
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nf

402 PBS (pH 62)5 o] &3t 04mg mt'o) =2 AzsAh o] £ 100uE

o} 3N 7 welle] H7tatar, 22T A widsty 0, 15, 30 2 60 °) 590nme]

=)

ol FREE2A FAHFT 4 NERFEA hen egg lysozyme (Sigma)S o4
2724 PBS (pH 6.4)8 A&3tHen, goliaag] #48 189 §3% 00015

Faorle Age o stk

2) Yo A s

HH W B o A AFY BARE § 5 (1992)9) o] wat A5y
ohozt AlEEREH e 248 4 22 F 647 olue #43iden, 2EA)
332 Sakai (1981)9) Wyle] whab 457, 3087 7L Helsle] Azshgon, 4T
Basln] 4o gtk & @3] 542 GVBY (Gelatin veronal buffer: VB
200m¢, 0.03M CaCl,-2H,O 5m¢, MgCl-6H,O 5mi, 2% gelatin 50m¢, DW 740mé, pH
74)8 AHg3ld. ZE A& GVBYR 5H) 343 F 8x10° ofu m'2 ZAE E
tarda KE-1 @39 S E83le] 20T 4 wdstdeh. sk 30,1, 3 2 6417k o)
Miles and Misra (1938)¢] ®*fe] wle} TSA (Difco)ol] viok £94-8 A 3 A3le] 3
ahatm 277, 3641 widE & A J=5E AlFskdrch

3} CL response
D Kidney phagocyte2] 4]

gxe] ANe FRHos HEse 10 units m¢?  heparin, 100z me”
penicillin/100 units w" streptomycine] 3 7}® phenol red-free Hank’s Buffered Salt
Solution (HBSS, pH 7.4)0] #H7}#l petridisholl @32 ol dled nylon meshdl] %3} A]
Atk o] dgH-E 34-51% percoll gradient (Sigma)oll F%3 $500xg, 30min, 47T o
A Ay Bysta 3R AEES 188 1nt FAZIR 3]st Bolstdeh &
3 Al = HBSS (pH 74)Z2 o] -&3}a] 500xg, Smin, 4Tl A 23] wiE A A3k, 0.1%

fetal calf serumo] #7}® HBSS (pH 7.4)& 131 A F& Yt o] AE &HhL trypan
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blue exclusion method (Hudson and Hay, 1989)& o]&-38}o 1.5x10% cells mele] =

22 243t Age AT (BEE: =95%).

@ 74 zymosand] ZH]

zymosan (Sigma) 0.02g& AFad gxje) A4 dF 1meel 20T, 258 Ft 743
N7tk o] £ 2000xg 5% B9 44 Helstel EHES AANL HBESS (pH 7.4)
g Hrbstel Qg 4719 598 Ao thal 94 Bejste AAAL A
715}, HBSS (pH 7.4)2 #7185l F 83| 10ms Al st A& E w7tx] & <k
A Bastgc

4 CL assay

Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione, Sigma)2 10mg m'2] stock
solution®© 2 A Atste] aluminium foil2 7rel 4o} H3lgon, o] HHe] 10mW)
3 H-S working solution®. & Al-83}9 T White-adapted 96-well plate (Packard)el]
well 3 1.0x10° cell suspension 1004, luminol 20x8, Z}2 zymosan 8005 3 7)3)ar
luminometer (LumiCount™, Packard Bioscience Company, Netherlands)Z 0.5 %2]

ZE AIPeg 7 wellg] CL responses A3tk
9. Statistical analysis

7+ ¥ A3 Student's ttestol] o]ste] EAEgiow, P<005 4 o §94 z}o

§ 7tAE Aoz wastech
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0. 2z

LAY 23
Agoll ALES E tardag o W AL FE (LDso)= Table 60l M9} 2ok, @z 7
7 2% (FSW910410 and SU100)# AE o 5o izt a9 54& Ags A7,

KE-1 #39 LDso] 10*® cfu fish'g 713 234 vebsdch

Table 6. Lethal dose, LDsy value in tested Edwardsiella tarda

Strains LDsy (cfu fish‘])

Reference strains FSW910410 10°%

SuU100 j

| KE-1 1025

KE-2 1057

Test strains P 103.50
KES T

e S T
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2. ECPs9] %4 A¥

Axol gt E tarde ECPs2] 548 & FAF A9 of3to FHelstgich B
A o] 56g 2 WA SullHe] 0, 04, 4, 40 B 400pg m’ FxS ECPsE 1004
fish! 4 2824 (AZ5E 0, 000714, 00714, 0.714, D 714yg g' fish ¢)3 F

1447t HAAE 3203 Aol Table 7o vel i

Table 7. Edwardsiells tarda ECPs virulence assay to the olive flounder, Paralichthys

olivaceus. The fish average weight is 5.6g

Injection |Tested|_ Il}/.l_ortality ( Fish No.) Cumulative
conc. fish Days after Injection mortality
(e fish™) | Noo |y T T3 [y 5] 6]7]8]0/10]11]12/13]14]
40 - 8 0-014"20100000%00 100
4 ” 8 V 0 0,00 /0(0}1|1T|2}2|1710 | 1|0 10;“—
7 0.4 8 |[ojojojolojolo 0|0 0 07(7) 10125
004 | 8 |0 00 00ol0olooloioo 000 o
7 I;S 8 0 O\—(W]J HO- AO 0— 0 } 0|0|]0 /0|00 O0 0

PS, physiological saline {0.85% NaCl solution).

A% =9l 40ug fish? (7.14pg g’ fish) FA Al G Fell e AL 3L Aol HA}7t 2y
a7 st on 4446 4vtelz AAn 15 ollel FAF A AAZE Hatst
o}, FFHF o] 100% 2 EbGTh 3 dyg fish! (0714 g fish) Al@Fol A FAL
15Ul #Arz A 2tE o) 13zt A W R Halst DAt on, 044
fish (00714 g fish)2 FAbg AR polA 13U H1l7} delhds] Alzst g

12)ar 0.04pg fish! (0.00714ug ¢ fish) 2 Opgfish” A Al @ oA HA7L
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st gt

3. ECPs 93 A4 A1y

Division number of collected fraction

1 2 3 4 5 s 7 4 9 10 11
25 I R I [ L I
| -
ol Lror e / 1000
[ | I A R R R
~ 2or bl | | e R N 'S
v, N , ! VL R B B 1 800
= LTy 1A | N Y .
E 15¢ oIyl | [ Y I B B 4 =
% TR | | | I A 1600 E
S K I | I P | g
S 1ot 1 AN | | I \ | o
£ TR | b | 400 g
t | | S T | lLaT | ]
S o5t [ I =T & | 200 <
° I T I 1
-
o _L-+1 [ [ T S i
0.0 ——=—1""1 I | | | ) \ 40
[ I [ I R B
Lo [ [ R R
.................. I NPT NSRS I EEE TR MY T NN N Y SRR U NS U
Q0 10 20 30 40 50 60 70 80
Fraction No.
Division number of collected fraction
— - T e I PS

|

1 2 13| 4 51 6 710819110111

5151555555 |5 ]5]5 5

Dead No. of
__fsh

Lethality(s) 0 | 0| 0 | 0 | 00 40|00 0.0 0

PS, physiological saline (0.85% NaCl solution).

Fig. 8. Elution profile of ECPs proteins of Edwardsiella tarda (KE-1) in the high
pressure liquid chromatography, and the lethality of each collected division

from ECPs proteins.
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DEAE columng ©] &% HPLCS] E. tarda ECPso| i3 ¥4 A& Fig 82 19
o gtk 11719] F8 peak7t EHRIEHASn o] BYES G o] FAG 10979 2
shz obel B @k &, 7 peakel A 40%9] HAE AN B T2 BHANE

HAbE veER A gkt
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4. Hematocrit
Aol et E. tarda ECPso] o J&-& A= 249 312 hematocrit A&
% Azhe Fig. 99 vhEhUIgloh ECPsZ 0, 4 3 d0pg fish'e) v 2 FA3RL
w1 $Y7e] hematocrit 2o Wa2 PA3ATh 4 fish'e) T2 FAE AT
o 2] ¢] hematocrit Xi= ShERF (Oug fish'2] 52 FAL 2@ F)ek FALS gL )
BRI Ao 40pg fish™ 9] T2 FAE AWTE FA 1932E gashs 448 U
Etve] 15 UA7bA] daste ZFE el ou P<0.05 FEeiA9 fojxts et
U] epgkeh (7U R, P=0.0654).

5 r
—s— 0 g fish™
—o— 4 g fish™
30 + —o— 40 pg fish™
£
[
2 25r-
o
>
T
8
s 20F |
E
']
I
15F
10 1 1 1 1 i
o} 1 3 5 7

Post injection {Days)

Fig. 9. Hematocrit value in the serum of olive flounder, Paralichthys olivaceus

injected intramuscularly with each concentration of Edwardsiella tarda ECPs for

7 days.
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5. 84 U AR AN

1) Glucose ¥ %

gl E. tarda ECPsZ FoJ§ % dZ glucose FS Z2A3 Are Fig 100 1}
Bl Tk glucose X 2T Oug fish'e) ¥ %) 2 A% (44 fishle) wx) =
AP M= 13U glucose FE W7 A9 vehdz gdont 1% (40u
fish'e) Fx)2 FAg P74 3YARE F738] 5715t 794744 felHez

EL AR FAHAT (P<0.05).

50 r
—® (g fish’
& 4 g fish’ *
4] —® 40 pgfish? . *
S
=]
é 30+
g
=
=1
9
3 20t
2
(5]
3
(U]
10 ¢
0 1 1 X 1, 1
0 1 3 5 7

Post injection (days)

Fig. 10. Glucose concentration in the serum of olive flounder, Paralichthys olivaceus
injected intramuscularly with each concentration of Edwardsiella tarda ECPs for

7 days. An asterisk are significantly different from the untreated control.
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2) Total protein

g ol E. tarda ECPsE t}}3 $52 S48 % &3 1) total protein L ZA}
@ ABE Fig. 110) YERRTE ECPsE 0, 4 ¥ 40y fish’e] 52 FA5%E o
F2) 5UAo) 4 B 40y fish'e) T & FAS AP T Y total protein HE7} 2
& A719) EFeA Btk 94 (P<0.05)0.2 =4 JEYom, 404 fish'e ¥x
2 FAg APFeHE 1 YA xR et fo4 (P<0.05)8 el
o}.

—#- Qg fish’
& 4 g fish™
- 40 g fish™

Total profein conc. {g dl'1)

0 t 1 1 L 1
0 1 3 5 7

Post injection (days)

Fig. 11 Total protein concentration in the serum of olive flounder, Paralichthys
olivaceus injected intramuscularly with each concentration of Edwardsiella tarda

ECPs for 7 days. An asterisk are significantly different from the untreated

control.
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3) AST9} ALT

200
_ 8- 0 g fish”
“E & 4 g fish”
- -1
£ ~4— 40 ug fish
E 150
L]
x
@
0
2
d
‘n 100 +
[~
©
=
=]
£
E
L]
2 50 +
=2
[
Q.
7]
4
O i 1 1 1 L
0 1 3 5 7
Postinjection {(days)
400
—®- Qg fish™
E —& 4 g fish”’
c - 40 pg fish™
g 300 |
A
o
z
L-4
»n
2
2 200 b
£
g
°
£
E
o
@ 100 |
=
€
5
'

0 = L i i
0 1 3 5 7

Postinjection (days)

Fig. 12. Aspatate aminotransferase (AST) and Alanine aminotransferase (ALT) value
in the serum of olive flounder, Paralichthys olivaceus injected intramuscularly

with each concentration of Edwardsiella tarda ECPs for 7 days.
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dAlel] E. tards ECPsE that % (0, 4 2 40y fish'e] Tx)& FA38 § g4
Ul AST9} ALTES =AMst A= Fig. 129 el ok ECPsE 0, 4 2 40y fish™e]

s FASAE W 2710 T foF vise BEEA Ut (P<0.05).
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6. ECsP7} Q=] Aut3d v JF

1) A lysozyme S A

Aol E. tarda ECPsE T3 322 T3k 3 g3 W lysozyme activityd %
AF3h A= Fig 136] Uitk ECPsE 0, 4 R 40k fish'e) F=2 FA819 <
w A8 71 ok 2T (Oue fish') F%)ol et 4 Q 40ug fish'9} FEZ A}
& 2P FoFH zole vEhubA wsith (P<0.05). 2y Mgt ARs UE
ol mlgke] A7 A mE wER AeA vElus Aoz REEHAY.

100 - o
—® 0 g fish
— 4 pg fish?
-~ - -1
v ool - 40 nq fish
c
2
2
>
£ 60f
Q
©
Q
E
>
o 40f
wn
=
E
2
e 20
0
o L . N . .
0 1 3 5 7

Post injection of ECP (days)

Fig. 13. Lysozyme activity in the serum of olive flounder, Paralichthys olivaceus
injected intramuscularly with each concentration of Edwardsiella tarda ECPs for

7 days.
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2) Serum 9] bactericidal activity
JAol E. tards ECPsZ t}%3 5% (0, 4 2 40ug fish'o] FE)2 FAMS T A7
Aol w2 serum®] bactericidal activity® &AM A Fig 149 Jeh ot
1y 9 AEEE FAE AP FAME FA T 1, 3 7RG 47T A 308
B2 A Wi KoM o) el o O fish'e) FxE F4

A gAe] A4 P M FA Aol S YA eRETH(p<0.05).

3) CL response

W26l E tarda ECPsE thekah 5 (0, 4 2 404 fish'9] FE)2 FA & A7
di}d] @2 CL responset= Fig. 159 LbER Qi)

MER (@0pg fish)2 ECPs7h 418 AP 7ol XE 4 % 1, 3 ¢ 79R oz
ol ®lEte] CL responserl Al viebw o Aol Agtel whe} CL responser}
WzTeh FAME dee eAe JEUAT AEE (4 fish')2 ECPs7h FA1¥
ANGol Mz FAF 39 & ohz7ol Wt vl delgou 7dRd)E wars &

Ag pEoz 2uAch
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Iv. 1 %

¥ WAAHE E larde ECPsE Qo] 25 FAlsld Foisole o Meetd e
e gl thatel =arsn.

¥ el Aol AR E tarde ECPse A 18] AN A7 A4 SAo|
b3 3 Aeg g9 KE1 #2 Ao AMgadch A4 FA 558 #1187
A3k E. tarda KE-1 &3 ECPse} dA]ol| 3t 96hr-LDsE el on, @7 AE
56g 2719) g st LDspS 7.14ug g fish (40ug fish)2 AU} o] ¥ &5
liEog sto] AT 2v)e) PAld ECPsE 71§ FAR #A Agg FA5 A
ECPso] FAboll o3k HA: 25 E AP 87 ojdel AFE AdraMdE 243
o8 ueA HE 4IAAA Arsr ddekoh oleld #Hab AES A
salmonicida (Fyfe ct al., 1988)2} P. damsela subsp. damsela (Fouz et al, 1993) 52 4|
@ ECPsel gjste] 4= Al &= 4= o ollld] HAZE vehde B3 vlaste 3
7o % 12l Al AasE Ao Azt

ECPse] =43} #Halo] ek JF A0E nfgoz g Hat AFo] 591+3.1g A
719 Aol 0, 04 2 40p¢ fish'o] (FAMY ECPse) HE »5E 0,015 2 154 g
fish Q) 52 T8 FAbste] FaA}F £ 0,1, 3, 5 @ 799 hematocrit ], 83
glucose, total protein, AST 2 ALT S9 Agsd zte g g5z g4
lysozyme &4} Mz Halls 2 CL response 2] W& Aaje] i Fagg =
AFBEATE o) ¥ o) A4 ECPs Fo % A S4¢ A of 0714 g
fish 352 & FASHS 4 159 T8 #Arr st g E tarda ECPse] 2]
FodAel MR Aesy e AGsE wgel U oz nowd] o
ol

BCPs A} % hematocrit 2]9] W2}5 2A1g A7, 4y fish'e) =2 418 A)

FrelAe) hematocrit A|i= WET (Ou fish'sl FEE FAG 9P FAS &
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& dehhdnh e 40u fish7e) s FAE AT F4 19 o F2E
hematocrit #}7} ZHAsle] 15dA7A] FAHACH, hEFo) gt 95% 23 5
oA ey ezt dehA ekgktk (YA, P=0.0654). o} A& E. tarda ECPs7} '
Ao HEye APAY FFE vAA de oz #dsEy, A 139 hemolytic
activity ZH oM ECPs 7t oF 72A12F o] Fo] AT sxr} #alxe A3 Ayet
B A9 ECPs FA} 1959 hematocrit %] W3lE Hddste] W E tarda ECPs9}
A A o Arolo] AelE wdstel By AE FAgo] g Aog YA

W Alel| E. farda ECPsE& %3 ¥ ¥HF glucose #F-S =33 da, d27¢ (0 w
fish’e] v5) @ A% S (dug fish'e] ¥%) FALRFAME A # (1998)e] Bw
ob §AME A (l4mg d¢)E LERHYL M, 15937 glucose %9 Wkl el
ehubA] ggto REE (04 fish'e) Fx)g FAE HPTAN 3UARE 73
Svketel TUA7R] fejHor we HAHEIZ FAHAG (P<0.05). E tarda FKC9}
LPSE Fsol T8-S o total proteini} glucose ol M= 279} 2}l gt
Al kAR, albumin B Ol F 7o dlsle FriEle Ao WaR % (Salati et
al, 1987b)+} AwtH = A3 vehgdoh 1ejy ™79 oA diAbe glucosed)
oj&st Qlor (= %5, 2001), ECPs §4 % hematocrit X7} 7+4dte A AA 3
W E tards ECPs= A1) A¥ 4 & HE 42| dFL vH glucoses] HhALE
sietm, ol Qlated AT o F4=A e glucoseR Adte] A oA ¥
57} Fbshe Ao #ugoh

2ol E. tarde ECPsE t}oFgt 352 B3 & @3 1 total protein &g A}
3 A}, ECPsZ 0, 4 2 40pg fish'o) 252 215908 o) 24) 585)e] 4 2 404e
fish'e] =2 A Ad oA 2 total protein FE7} &2 A17)9) thER 44 B8}
of fejHo g HA elgor (P<0.05), 40ug fish'2] FRa FA13 2PFolHE 1
TN = ol diste] §948 JeENJTHP<0.05). FujEes 45Uzt 7)o}

FEE AFREY total protein®] FrRew W3y} gldloy, Ao AN wE gk
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wAde] 3 Auel 9% Y A F 994 29 HaE wnd o (Lu 5,
1986)9} total protein®] 5912 Z7}7} BFHYona 15:dz7te) Falo we 4ol
Aol obd Aoz Yzrach Tk, HYT sl o4 ¥ ) ARe

(=]
=
total protein®] Z7}5 A4 4 2dom, o]+ hematocrit o] ZA9l AA )

L

glucose ¥ 59 Z7he} wao) 2lg Aow wadc
AST (Aspatate aminotransferase, GOT)2} ALT (Alanine aminotransferase, GPT)&
otml=7] HelRtE-& Fujsts Eae] FHOE okt a-AE e Ateoef o}
k7] Holihg-g Fefdts ez Aol @ By slorn (o]9 7, 1988),
o8t FopllMe olEe] FHoz ZE A8, 53 HAH 5% A o)&HT ¢
o} (o}9} @, 1975; o|<} 7, 1988). ALTS} ASTE+ & Fo) 359 i4Q a4
AZEG] M A e S sl ofste HdE AEeS o MEa
W2RE d9 Fo7 {FEH7 "gitoln, 3 &4 FAo| aminotransferase activity
& ol &sh= AL oY Bavh bol Weol BRI &% @ =Y Edoz w
ZA #atE 7] w§olok (Molamder et al, 1955, Asada, 1958; o|¢} zI, 1988).
Gordon (1968)2 olftoll M= zhe] Hefs wow ojedt G40 F£371 4Edte A
o2 Rasdrh w5 zuReted 377 Sk Wo|S 22 go} 7)o} Aust A&
HAY (8 %, 1997), Aol 54 2Ed 27 218t A8 w ALT ¥ AST7) A3}
o {to] $4do] v Aoz wvuskdnt (v &, 1990). B 7oA} ALT 2 ASTe]
HEtE ZAMEIS ), HP7IF T fod Wil BFEA sl (P<0.05).
dAel £ tarde ECPsE G & Folg Fo| WA 99 factor 5 I3
Wl lysozyme activity?] Zyte A 77 Fob iz o) didtad $03 zto]2 vlehl)
A stk
serum®] bactericidal activity2 FASISES W, 5% 9@ AHEEZ FALE AlgT
e A F 1, 3 & 7YRA 47CTHAM 3087 284957 4o tejME F9
A Aels vE ot O fish’e] Feg FAME gAe) A4 g4 dsie #
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o]3 Aolg YErWA gkt (p<0.05). °]F <9} serum W complemento] 2]
bactericidal activity:™= non-immune fishe] ®ojo} Fa3 AL 3}=¢t (lida and
Wakabayashi, 1983; Nakai, 1985; Kanemori et al, 1987), ECPs¢] Fo]7} o] F serum
el Bl JRe] FAdde 9eks vlAA e Ao=Z Asdr)

W (40ue fish)2 ECPs7h FAME Al@Tol iz 341 £ 1,3 9 7U50] gz
7ol ®idted CL responsert <A eltom Al7ko] H#gte) wpe} CL responserk
2ot fAMSE Hele) weAdS JETh AFE (dug fish')2 ECPs7t F419
AGTAAE FA 32 F T Histe] wA vepdod 7dMelE Uz &
Alst ez FEEATE Densemore ef al. (1998)] @2, R. salmoninarum ECPs
= brook trout splenic phagocytes®] respiratory burst9} phagocytic activityS # &}

M, Al hydrophilla exotoxing FAMSE & 6AITHAS) ATS FAIE S FAME

P

Wael #EE%e (Kanai and Takagi, 1986), ojejst SA43& hemolysinsg}s? F74
&ttt (Thune ef al, 1986; Paniagua ef al, 1990). & 1ug n¢' o]4}2] V. pelagius
ECPs7} #71¥ turbot macrophage® CL response7} frojd oz zhAisitin 39ul
(Villamil et al., 2003).

ofo] Aol A E. tarda ECPs Aol HAog #Agalgct =3 g glucose
9} total protein #FE WIHAFIH, AN Mz S48 AAse 75 v AL
2 BAdEA. 2222 ECPse 219 Aelshd 3 wodsty sj50] Ar|ges o
& viAm, BelehA w9l AHEhy Qlxlel tiste] AriAelny oy FIFS vEHY

£ ECPs7h 3] #Alsh wddale] 328 43S s oz 4zdc
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V.2 ¢

Aol 49 A% AF 540 A% A€ E tards KE-1 @59 ECPs7} WX <l

Aoz Folule weo] WA g2 Wty JFS xAstnA .

B AFol 5.6g2 YAANAL E farda KE-1 #3F ECPs2] 96hr-LDs; 2= <
0714u¢ g fish} HE Ao Halg ek Ea ECPse) FAle] 2% Aol de)r}

R ol AxEAn A%HoE deh} 49 UdAAA AN s

g W AlE 59.1g 2719 WA 0, 4 2 40ug fish! 57 HEE Wxe 2
Foll FASAE W vetue g9 ) ARy Westy weg zAE AT 44 fish!
o] FEE FAY AHFANAME hematocrit A= hETF (O fish'e] $=& FAH3
Aok A e e ot 40pe fish'e] T2 Falg APt A 19
TR FAdte AEE vehlo 15:UM7A PAdle ARS Yehgloy P<0.05
FrolMel Felate vehtA skt (794, P=0.0654). WAl E. tarda ECPsE ¥
AL F FF glucose F& 4% Ao}, daT 2 As FALYT (@ g fish'
FE)IME 1797 glucose F529f wl3t7h A9 et @gtod 15k FAMI Y
T (40 fish'o) FE)ll A 3UAARE T3] Frietel 7UARNA felHor e
BEE AU} (P<0.05). @3 Ul total protein FE EAFNMHE FAF 5ol 4
9 40pe fish'o] w2 FAIE AB Pl A9 total protein 357} 72 A)v]e] iz
TAA Bk F9F (P<0.05)02 A JEIGo, 40 4 fish'e) ¥T 7 FA}3 49
FAME 1T FAAdE Rl ddte {foA zolE vehiAT) (P<0.05). 123
ALT 382 ASTO] wists zAEAS o), HF7IF 5 #9994 Wae #3524 4
(P<0.05).

gx]el E. tarde ECPsE o3l ¥ ¥ Fol3l 3o vhgo)a W factor & A

W lysozyme activitye] B#= HE7)7 S hE7ol didte] §94 o] E vpehy



2] ko, DEE (40ug fish")2 ECPs7} FAlE A|@FME A 51,3 2 79
Aol thEte] Hlske] CL responsert Al UEltow] Alzte] A wel CL
response’} W ZT9 FAMEH Fejel WAL vehgith £8 serum®) bactericidal
activity & ZAISEE o), 2EE D AR TR FAD ABPAME FA} % 1,3
795 47T A 3087+ 2@ Ao diElMdE FoH 2ol YeEhAey 0
g fish'e) 22 FAE gAe A8 d4¢ dalMs f98 Fol2 JehlA st
o} (p<0.05).

olelg ANeS FTHAMEW, X A W nEXe] ECPsyb Foldw A AR
o Ayol el Jepg vlA v, W BAHE JFL vlAl Ao ARHG.
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A 3 & Eduwardsiella tarda ECPs9] Jx] HY 7|59 wx+= 98

L g

A whgolgt FEA el EAEtE 2] o] AARAM, AR 2RE AYste 7

T 2AS AN A FEEU ol AATezN A e F4A4S KA
AESH @doltt (B and 7, 1996).

fr

S0 HHIE o o4& AAHI}E 8% g 3ir, YEHA xR
Me o8 89 T2 granulocytet A1#H2] macrophage?t 2 delAd ok FHFe
4§, macrophage?®] antimicrobial mechanism& vl & o] Hujsli HAA4Y xS
(A=
4 21om (Nathan and Gabay, 1992), o]23t 713t o} {2l HAA M T 225

rir

H

-

AASE g vgE] hH U7 A% F 54 TAS 7 &

it
M

rr

Aoz KWlc) (Ellis, 1999). o] 79 granulocyte9} macrophages °| 24§ F o3}
WY ool 2 g7F 43 F7F (Secombes, 1996)31H, oxygen ¥ nitrogen
free-radical & F-3lsted Aol 7|l 9 HAANES 4T 4 QI (Secombes,
1990). <l 7152 Moo )l g f4F g T¢ FIHEA dehted
(Suzuki and lida, 1992), lipopolysaccharidel} muramyl depeptide 52} g4 =
2 (Kodama, 1994a) #vt ojv g} B da) (Ellis, 1986; Suzuki and lida, 1992; Woo,
1992)e) oJsfx . F=¥Hr)

Densmore et al. (1998)3 Chen et al. (2001)2 Renibacterium salmoninarumh
Mycobacterium sp.©] ECPsell dist ¢ Ax} ECPsz} Z}o] (brook trout)e} F )7}
%] (rainbow trout) AT FAEL AA Y, 1 o]H= ECPso 93 respiratory
burst 873 HA) 2|3 AME AE W Ad H¥ET A} Pl s FHeZ
Borel et Kawahara ef gl (1991)&  Aeromonas  salmonicida w9) ECPs7}

white-spotted char®] 2 M| ¥ ol st kS vz 2 o g



nujagE B &M= E tarda ECPsy)} W8 WY 7%,

phagocyte, head kidney macrophage9t lymphocyted] vz &

A}l F peripheral blood phagocyte® ¥ #]8le phagocytic

CEERRE

E3] peripheral blood
e 2AEIA F

activity S =8¢ 1,

macrophages F3led 2z} Fx 9 E tarda ECPsE #7189 ES o

macrophageol] t gk bacterial invasion, respiratory burst %

WH Age

tarda ECPs&

Z43tgct =3 A% lymphocyted Bl

#7}3ko] proliferationel] o3 § 8-S FAtstgch
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IL g 2 3y

1. 490l
dde) Ahgd dAe

_‘?_
He AL 249+08cm, Ho AF & 222+232g0|0et. A)Pol= 1 ton &2 f4

i

AL VR A9 deldozRE FEEdTh oF9

2e] o)A #AsEOD £2e 1517C o]tk AL 717 $¢ WY YA zke)
Bl g AR (WEAUAR)E dHo] FReRen, Bad 0 2uAD s
o Age) AgsaAc

2. E. tarda ECPs2] 22|} A=
Nggo s AAY F tarda KE-10 23 efe] ECPs Hej= A 1 #Fe] ECPse] A=

Aot ZA st

3. Bacterial invasion assay

ECPs7} E. tarda®] macrophage W] 4o v]xl= J&LS =A3}7]) 2913l Tang
et al. (1993)5 o] 8392 ™, macrophage W MA+5E =48] 98l Secombes
(1990)2] WHE olga Tk = HAE W Aaes AT W AlS (colony
count)?} 3(4,5-di-metylthiazoyl-2-yl) 2,5-diphenyltetrazolium bromide (MTT, Sigma)

geo) BAFL FRET SPHAL

1) Bacterial invasion assay

old E2g) E. tarda 7L 27Tl M 24A7F EoF wjekal gt 01% FBS7E #H7te
RPMI-1640 ¥j 2] & o] &3te] 1.5x10° cell me'2 %% ¥ macrophage #eted 1005
96-well platee] 2z} wellell #H7}abi, 20014 2412 Fob vidd ¥ w523 N ¥ E

A A3 A h Antibiotics free-RPMI-1640 (0.1% FBS)S o] &sled 23] MAsty, 2 %
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=2 FA% E tarda ECPs solution 100 E 2} wello] #7118+t 2000 A] 147+
Fob Wi F 3x107 cell w2 =AY AT d@gd 50w (mo.i=108 71519

200 2A17F FoF wickdlE Tk 100ug me” gentamicing 7}l extracellular

bacteriag A3l 0, RPMI-1640 v =12 33] ) A3} o

2) Aot e Aa

Aol S macrophage W] M55 £33 7) 93t 1% Triton X-100 £
N F7tet AXW ATs FEMHG o] 48 Wy AeHdSyE 108 <A
3 Matel 7 B4 wAle) 8o 2545 TSA iAo HEST 28T, 36417 H ok wjok

&ted M ek Astdtt (Miles and Misra, 1938).

3) MTT #49 Al Y

Macrophage Wl Ald4E =3317] 915t 1% Triton X-100 £HE 3 7}sled A
F AE FEAFHT A7l TSB 100utE #7718t 18T, 16412t F¢t 8 F3ta
H FHTE Sng nd-19] T2 AF3 MIT 894 10nE platee] z} welld] 7}

4t plates 15837 W% WYatn 600nme) HFo)s FFw2 2Pt

4. A7 macrophage?] 22§85

W2 macrophage®] A#8%5S =H357) 91314 Alcorn e al. (2002)¢] WY o &
At U Py Al gEle) 223 W= 01% FBS (FBS, GibcoBRL)%}
1% antibiotic-antimycotic agent (GibcoBRL)/} 3 71d RPMI-1640 (pH7.4, Sigma)$
Abg3ted 1x10° leucocytes mi”' 2 2 A&7 multiwell cell culture system (Sigma)el]
10009 MF PSS 20bE72 B339k 2 multiwell cell culture system2-
200 58 43 Wl 248 gt vhgA7| 1 HRA Axs o] 2008 24FH

RPMI-1640 (1% FBS, pH 7.4) 500u¢ 2 2tz 23] M5ty o 7]d] ECPse] #H&E &
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T7H 0, 073, 2.94, 11.74, 4697, 187.88 2 375764 m¢" H L= F7alm 207, 24) 7
T3t kst & RPMI-1640 (1% FBS, pH 74) 0.2 th4] 23] M9 181 10%
FBS, 2% W& 214 #xo] x3hel RPMI-1640 (pH 7.4)& o] 23] 1x10° bacteria
cells m'& zAsty o Mg &bl 20042 multiwell cell culture system¢] zt
welloll #7138l 12413 ¢ w3t i 2zt wello] 1% paraformaldehydez} ¥ 3+¥
PBS (pH 7.4) 50002 H7}3ted 30837+ 2483, PBSZ 28 A& § Fr] Az
o} 7} multiwell cell culture system-& May-Griinwald Giemsa stain© 8 <3443} 72,
@Y HE2 dxstar Fhdte BEgHAW A (Olympus BX41TF)o.2 w3l gch

Macrophagee] 4785 & 44X 100 4ES Asstn, 7 44 ¢ 4289 4

5. %% W} AM¥e) A4%8%
2 gl &= whole blood cells?] 22852 391357 $&e Kusuda and Taira

(1990)2] ol ufskcy.

1) Fes A%

E. tarda KE-1 straing TSB (Difco) wjR]ellA 27T, 24A]17F FoF widsr o2
10,000xg, 3027t ¢4 st I $ el 4494 (physiological saline, PS)®
23 M A3t MY HHES PSE S5g mi'e) FER A7 AgAe WSk o
)i @eelo} 0.5% (v/v) formaldehyde solutiong Hd7}8te} overnight 3bi 5%
ez A4 Faste HAEa AHE 3 oS PSE o|&dld HEF FEvl 200
o' FER AUEE AL A9E 40902 Adsed WF nasus A

o) wep Abgah

2 4485
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heparine] A e]d FA7]8 ol &8t Wlo] nmRguozrneg Py £od
FAL silicon Hzl® AR 500 FF3a e F5o) ECPsg 37} sie]
HE 270, 073, 11.74, 18788 2 375764 i S=2 H7atgch AHL 39y
2502 2+ AlgBel H7iale] 18C 9 shaking incubator (75 rpm) o)A w3}t
Wik & 05 1 % 3A7Ho] del XA FEZ slide glasso] 283 May-Griinwald
Giemsa stain 3tch LR W M2 AFFE ofee A Zo] AFE

{phagocytic rate)2} 47 x4 (phagocytic index)ZH ¥ 713} o).

phagocytic rate(%) = [number of phagocytes which phagocyted bacteria

/ number of observed phagocytes]=x100

phagocytic index = number of phagocytised bacteria

/ number of phagocytes which phagocyted bacteria

6. Chemiluminescence (CL) response
A7 M Ee] ECPs Zt mXxo] tdt CL response &% Baier-Anderson and

Anderson (2000)¢} Wol ma} o] o) 4t

1) A4 HMxEe Fl

raHer AHEs gae] FA4L 10 units m¢’ heparin, 100gg me' penicillin/ 100
1l mt ! streptomycine] H7}§l phenol red-free Hank’s Buffered Salt Solution (HBSS,
Sigma) 5mé7} FUH 13|82 A3 petridish W2l nylon mashe] o] vjadled A3
AMEE FEANAT FelE A% AXE 34-51% percoll gradient (Sigma)ell F ZF A7
3t 500xg, 30min, 4TolA YA E#)3lo] percoll gradient =439 H¥E 2L )3}

Aok 2eE)st MEXE 1% FBS?E 471 phenol red-free HBSS (pH 7.4)0. 2 23] A%
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3l 01% FBS7} #7tgl RPMI-1640 (pH 7.4)-2 H7lsle A X2 QdE3E o)
A2 HErN S trypan blue exclusion ¥ (Hudson and Hay, 1989)0 8 Al<rdtad A
qo] MEZO] 95% o)AAE FolFtm 1.5x10° cells me'e] %8 2A3ta] AR

A&kt

2) & zymosan®?] FH]

zymosan 0.02gS {xle] A4 ¥4 1meo] H7IS o8 20CoA 2587 wpksts
b ol 2 g 2,000 rpm, 587 94 Beldte] @& AAT F HBSSE Hristd 24
Al ols thAl €4 BEEe A9 AAF oS, HBSS §402 S 10nk
2 2 T2 LT mrix gL 2udtHA MY AL2EET (Metalf et al.,

1986).

3} CL response

Luminol (5-amino-2,3-dihydro-1,4-phthalazinedione, Sigma) -291o W A4
TE o] &3t] 10mg m¢"' stock solution®. 2 A zg c}L aluminium foil & FAL 3}
wale] 4Ce] Basigdon, g w9 ¥ 52 working solutiong 2 AMste] A1 859
t} (Scott and Klesius, 1981),

CL assay+ white-adapted 96-well plate (Packard)E AF&3lg o, well & A AL
He 10048, luminol 89 2040 2 A2 zymosan £ 804-& 71317 luminometer

(LumiCount™, Packard Bioscience Co)& 05 9] =2 A|zto g =3 slgoh
7. 4% AAMxe M

ECPs %o W& 2N 24 xe] HaFaslls £ Secombes (1990)2] HHol uw}h

2t M gstdc
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1) 41 A M ¥ monolayere] FH]

A7 A4 E2] monolayery= CL response &Aoo A9l e wWyo g Fulstgon,
96-well plate (Packard)el] ¥F8 44 AHAE NEAY AF FEE 345:10" cells
well’ o1t} z} platets 18°C, 1413t 59+ wj<}atm E. tards ECPsE® 7} ®% @z

dobato] o) 18T, 143 B¢ e F AHAg AR

) A A A%

Tryptic Soy Agar (TSA, Difcoyol X 27T, 24417 E<9t efdg E. tards -2
Tryptic Soy Broth (TSB, Difco)oll &3l 277, 18A17F B wjgat #& 2]
At gt 2 712] wiokirS spectrophotometerol] 2]3 & T4 & o] &3y

e Agstd 57x10° cfu m' 2 2SI AY gFAor Fn skt

3) Bactericidal activity

H]

HH

¥ A AA X monolayers antibiotics free-RPMI-1640 wj #] (0.1% FBS)= 2
5] 4 #&l2, antibiotics free-RPMI-1640 ¥h=| (5% FBS) 100442 7zt welle] ¥2:3}9
th o 7)ol Alg @ 20uE A AHE monolayerdl] 3¥E AlEFE H7lslm plateZ
A EE50 AEg dAA HAA YUk o] Smacrophaged} Ado] #F HE
g 5 AR 150xg, 527 94 2ot 5% CO, 18T, 5417 Fob ujukstgr).
ok & NS A A3 02% Tween20 &8 50402 7} welld] BZ=sle] AME
= S 2 wello] 100449 TSBE ®33kw 18T, 16A17 w43t Smg me”
FEE A" MTT (Sigma) 84 10E 2t wello] #H7pstsdoh & 504 158
1o

7b Ao A WHEA1F] 2 multiscan spectrophotometer (Packard Bioscience Co.)E ©}

£33t 592nmollA] EFE S 23 Yk

8. Nitric oxide (NO) assay
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Z} 2] ECPs 3H7bo] mE NO A g3t Alg S Tafalla and Novoa (2000)
o) wlel whsicl A% AAE #HEetehe CL responseclA] A7 A4 Le] FEuloA
9 3ol AMzxstR, o] VAL 96-well plate (Packard)e] 7} wellol] 100u8 W B3
slg ). platel= 187, 2417 %< jokals RPML1640 #l=) (1% FBS)Z 23] 4|43
At} ECPsE 10% FBS (GibcoBRL)$} 1% antibiotic-antimycotic agent (GibcoBRL)7}
H71e RPMI-1640 (pH7.4, Sigma)S Ab&3led 0, 018, 073, 294, 11.74, 40.17,
187.88 9 375.76pg mi-12 A3t o] 5 plated] Z} welle] H718lH . o] plated
BT, 243 3 72430 Fok Aigd & 7 welle] #jF AR S0uE MEL
96-well plateo] &7131 25% phosphoric acido.2 A® 1% sulphanilamide
(Fluka) &9 100uE #H7IgF & 25% phosphoric acido® =Z=AH 01%
N-naphthyl-ethylenediamine (Sigma) 89 100ut S #7139t} o] plate® multiscan
spectrophotometer (Packard Bioscience Co)E ©]&&ta] 540nmoA FJ=E =3

gttt zF well W e nitrite molar ¥ %= sodium nitrate2 33 245 vl

il

a1 o]

7 S Fete gg ek
9. ¥4 macrophage?] AFE A" =3

4! macrophage®] ECPsol] thgt B& “el= Villamil et al. (2003)2] wo) o}
2} 23384k 96-well plate (Packard)of] 5x10° cells m'2 =3 macrophage &
9 (viability, =99%) 1002648 23837 ECPs &85 10% FBS (GibcoBRL)S) 1%
antibiotic-antimycotic agent (GibcoBRL)7} %7}l RPMI-1640 (pH74, Sigma)& A&
3kad 0, 073, 294, 11.74, 4697, 18788 2 375964 mt'e) %57} Hx2 A z3d
7 welld] 29802 FH71Ech ECPs #H7l 3 6, 18 2 48 A|7tAo] w9 plateS
AE Holld 1082+ wAE T trypan blue exclusion® & macrophage?] viability S
Z4 39tk macrophage viability:= %3H&8u]7 (BX41TF, Olympus)©.2 300-500

cell F #to}d= cell®} vlE& % ek
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10. g4 34
1) =) ¥

YA g=3 Bale Kemenade et al. (1995)¢] Wy ez Zalglqdoh. daFa&
%3 ¥ 5% FBS, 100ug m¢" penicillin/100x¢ m¢” streptomycin 2 10 units me”
heparino] #7}% RPMI-1640 s A1 F o] &3l nylon meshd] F 33l A3 ol
g VEUD. o] AE HEYAZ 34 2 51% percoll gradientd] FZ o] 500xg, 4T,
302z 94 Eddtd WErES Btk nylon meshd F3&e Hit FAY)
columng ¥HE2 of7]ol WHEF FelRS Fo] 1817, 2412 Ft AR wids Aok

FA17] columng cockE

il

T vRz AgxE digdE A 2% plastic tube (Corning
Inc) #3td H=Z3E Ak o] AFX HEYYE trypan blue exclusion HHY

(Hudson and Hay, 1989)2 2 #|$=8}o] 1.2x10° cell mé'e} =82 =Halg )

2) costimulation §9) 9] Fu]

AEo Al&3) costimulation §X2 E. farda ECPs £9-% 10% FBS, 2% 1% 414
84, 100 units me" penicillin/100 g2 me” streptomycin % 10 units me” heparine| #
b€ L-15 medium& o] &8ta] 0, 146, 588, 23.48, 93.94, 375.76 = 751.924¢ me’<]
T2/t HEE g9k o] ECPs 898 96-well plate2] 7} wello] 38k o g #Hr3}
dot. FAd diEz7EE T lymphocyte BAEE 23y g2 lectin 3
Concanavalin A (Con A), phytohaemagglutinin (PHA) % Chart et al. (1994)2] v}
o7 Aztg E tarda KE-1 crude LPSE 479} 5948 FEE A zsle] A14g)go

o, &4 PEFEA 115 mediume AHgsHAtt
3) = F4 AY
P Z2AP e cell proliferating reagent WST-1 kit (Roche Diagnostics,

Germany) 9} BrdU incorporation (Roche Diagnostics, Germany)2] Z3H -3 AL&3t9
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d Cell proliferating reagent WST-1of] 2]8 =

10% FBS, 2% W2 A4 ¥4, 100 units m¢" penicillin/1000 mt"  streptomycin
9 10 units m¢”' heparino] H7}E RPMI-1640 ) 2| & o] &3l me) 1.2x10° cell me”
2 ZAY Y= Hetod-2 96-well plate (Packard)e] 2+ wello] 1000 ¥ EF3h31
18T, 96A1ZF E9F 5% COp wickr)olA wikatdck 4 wello] 10p69]  cell
proliferating reagent WST-12 #H7}8}a] 22412F E2F whgAl7l & 4% 650nmE o

ZZ 3t 450nmoll A S FAE AU (Ksllner and Kotterba, 2002).

{2} BrdU incorporation®] &4 o] 213 =4

ve] FRle W el 10% FBS, 2% WA A4 @3, 100 units e’
penicillin/ 100 g¢ nt! streptomycin 2 10 units mi! heparino] #7}® RPMI-1640 uj
2Z ol gate] 1.2x10% 12x10° cells m'9) FE3 ZAFI o HME d8dL
96-well plate (flat, clear bottom}e] z} wello] 1004 #-8 B F3At) zF welldl ok

%t ¥ 2 I costimulation 892 100u & H713lod 2} well W} ECPse] HE

off

=710, 0.73, 294, 11.74, 46.97, 187.88 W 37596u¢ m'e] e} e gk ut
&A1l plateE 20C, 72 A)12F 8)F3Edh (5% CO; and humidified atmosphere). b
4 & 2+ well & 10u¢ BrdU rabelling solutiong #7}s}3r 12417 F<F vjef3slsie.
™ 300xg, 10&3F A4 Eelsted FAAE 42 A A AT} plate= 60T, 14]
7b ToF Az3IT, 2004 well! FixDenat solution (Roche Diagnostics, Germany)<
H7Fet] 20T, 3087 ufdsldrt FixDenat solution2 A A8k 10044 well”
anti-BrdU-POD working solution (Roche Diagnostics, Germany)S 3 7}8t31 207 )
Al e 9FZF W8t & antibody conjugates A At} microtiter plates= 2004

well' washing solution© 2 33 A|A8 2 7t well 3 100469 7]8 £9-2 FH71ala

- 72 -



oF 387 Agd }E microplate luminometer (LumiCountTM, Packard Bioscience

E LA Wt

Company)E ol&3ld @33 A& ZH34 ) (Gauthiera ef al., 2003).

11. Statistical analysis
24 HFE Student’s ttestE o] F3lFon], nE Ao didld P<0.05 4 m
Foatzt e Aoz HASAY. Bactericidal activity?] F¢A HELS P<0.05

P<0.01 o W Fo35 W33t 54 A2lg stqot

_73...



1. 2

1. Bacterial invasion assay

E. tarda ECPs& %<3 ¥ 413 macrophage?] invasion activityS %73

el
)

=
ir

Fig. 169 uerlidch Fig. 162] As 093 sxo ECPsst whgAlzl |
macrophaged] w3} invasion bacterial cell numberE TSA plated s =33 A=
A, Whg 1A1ZkA o] ECPs7t £ 8 wello 4| macrophage W2 §4% Alw#s7 54
3] Z7}8h, 0.73 2 294 me o)A macrophage W2 e Hlo] 71 EA ebdth
WS 3AI Aol ECPse] s=7t 271842 AlF 2 macrophage W IY Ma+=
S/ AYES Ve oA

ttdst wx o] K tarda ECPs {7le]l @& 414 macrophageo| thst A d%5S
FR=® 4% AL Fig 169 Bell vehlfdct. ECPse] H7ifo] Z7M845 Ald
A5 0] 4ot ECPs 5 073ug wi's Aoz a3y AlFste] 4017
gm0l el FoMEE F48) @ik 1 Fa ECPs S iz u
s AEem AT 018z m)lAME invasion activity] felHom ZbEh,
ECPs 315 H7FGE (375.76ps m )l ME §oHoz astes ARE 98 4 9

At} (P<0.05).
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2108 A

2x10% |

—C— 1 hrincubation
—@— 3 hrincubation

10° -

Invasion cell No.{cfu, common log)

8x10* |
6x104
1 1 L 1 H i
0.00 073 2.94 11.74 4017 187.88
0t4r g
. o}
3 *
(]
w
[=.]
w g2
o
=}
2
E 011 F
=
[*3
<
S ol
‘w
©
-
£
0.08 | *
008 , . N A ; . ) .
0.00 018 0.73 294 11.74  40.17 187.88 375.76

Ed. tarda ECP conc. {pg mL™)

Fig. 16. Bacterial invasion assay in the kidney macrophages of olive flounder,
Paralichthys olivaceus. A, bacterial cell counting depend on colony count
method. The 'a” and 'b’ indicates significant difference of the invasion cell
number for Edwardsiella tarde ECPs treatment groups compared to untreated
group at lhr and 3hrs incubation. B, bacterial cell counting depend on MTT
assay. The * indicates significant difference of the optical density for ECPs

treatment group compared to untreated group.
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2. A AMxe A4

Az A Ee] N85S AR A Fig 179 vehided, 748 34
Atk E. tarda ECPs7b 073ug well'®] =2 #H7lg A @79 ZHgtol
3.2456:0.300. 8 t}E A|FH T vlstd wA el o, folF atolw A 5 8l
ok (P=0.0926). =& ECPsZ 0.73ug well’ o]4to 2 H71319L weo A8 duo)A

%, BECPs H7bako] Zvbatelw AR 740 4913 ol BRs] kg

Phagocytic Index

0.00 2. 11.74 40.17 187.88

ECP conc. (pg wel)

Fig. 17. Phagocytic index of kidney macrophages of olive flounder, Paralichthys

olivaceus inoculated with each concentration of Edwardsiella tarda ECPs.
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3. &2 R AMxe A48T

E tarda A7+3} formalin A& FPoz A183ed o whole celle] phagocytic
activity 2 24 3F 43+ Fig. 189 Jehf sl

Jx2] whole blooddl| E. tarda 7S FPZ Azl Ay F A mt 3
125489 ECPsE #H7}8l A)@F €] phagocytic rates= 82164269 %24 4 el
v} ECPs #71gro]l 71848 phagocytic rate’t Z4dle 23S Bdd. a2y o
ol g 2t ARTY F9F Holw vhehbx gtk (P<005). EF ¥l w9
0.75pg9] ECPsE& 3713 Alg ol A phagocytic index7d 4.726:0398 4 F A el

o ECPse] w7} F7}84% phagocytic index7} 748} AL Wyt 18

i
o

A m¢ T ECPsE 400pg 713k Al el phagocytic index7} 2.29+0.22
(P=0.090)= yelw ot tizoke] o4 aols AT 4 UG (P<0.05).

W 2]e] whole bloodeft E. tarda FKCE w2 HHE-A|A phagocytic rates 54
stds o ATy whEA 7l Ao wAME AFE UElRATh 2§ BECPs Hbdl o
# phagocytic indexZ Steler ATE AE H7b AdelA9 §413 e vehide
L} "ol g o ECPsS 375.76pgS H71e Al @ Foll A= phagocytic index7t ) 29}
o] FoH AolE vEIHATE (P<0.05).
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90 8
1hr (live cells) phagocytic index
—&— phagocytic rate

. 3
O

T £
o 8
= 5,
5 o
%) o
Q oD
=] ]
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o o

0.00 0.73 1.74 187.88 375.76
Ed. tarda ECP conc. (ug mi™)
B
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125

=

2 3
@

5 g
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L2 &
3 5
Q (=]
=2 o
8 2
E =8

0.00 0.73 11.74 187 .88 375.76

Ed. tarda ECP conc. {(ug mI™")

Fig. 18. Phagocytic activity of whole blood leucocytes from olive flounder,
Paralichthys olivaceus stimulated by Edwardsiells tarda KE-1 ECPs. An asterisk is

significantly different from the untreated control.
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4. CL response
E. tarda ECPsel] t]g 213 macrophage?] phagocytic activityS CL response®
%48 Awe Fig 199 2oh
ECPs® A% %9l 073ug m"'2 H7h& Algre] CL 2447 dz7rd %A o
Bt ot 2941174 w9} T ARFAME sk FAR FAXNE mgow,
40970 mi" °1Fe] AFpol M= dhETel Histe) FeHow we %

Aot (P<0.05). 53], 187.88ug mi’ o]4e] s xolA i CL responser}

5000 -
—&— 187.88 ygmt’
—— 4697 pgmi’
4000 | —=— 1174 pgmL’
—o—  294pgml’
E" e 0.73 pgmi’
0.00 pgmt”’
€ 000t
0
@
/2]
=
o
@
@ 2000
S
|
&)
1000
oLt e
0 10 20 30 40
Time (min}

Fig. 19. Chemiluminescence responses of head kidney macrophage from olive
flounder, Paralichthys olivaceus inoculated with each concentration of

Edwardsiella tarda ECPs. Relative luminescence units (rlu).
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5. A7 4l

gxel A A Ee] 4289 E tarda 7o 45 2AY) g 2 B
e ECPsE H7bstd AT dslsg A dd= Fig 2060 Ve A1g 2
H, AxE9] 018 2 0.73ug me'e) ECPs7t H71=19S o) bactericidal activity7} o=
Fol Hlatel Zrlahs oz BAFAoY F9H ol Yehia ekstrd (p<0.05),
T 073 mi"9) B E Bu 8.2 %9 ECPs M AR A Mz A 4
slzol AH Ao, 11.74ug me'e] ECPs7l H7bE e o dz7d vlate] §o 3
AolE JeEpAoW (p<0.05), 4017 2 37576u¢ mi'e] ECPs7} #rlE9le de

p<0.01o X W=l thate] f-o13 Ashrh da=At.
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Fig. 20. Bactericidal activity of head-kidney macrophages from olive flounder,
Paralichthys olivaceus inoculated with each concentration of Edwardsiella tarda
ECPs. The activity assessed by allowing the bacteria surviving after a 1hr
incubation with the macrophages before determining the amount of MTT
reduced. The * and ** indicates significant difference of the optical density

for Ed. tarda ECPs treatment groups compared to untreated group, P<0.05
and P<0.01.

_81_



6. Nitric oxide assay

E. tarda ECPs 37} that 44 di 422 NO A4S wjf 24)2ks)9}k 724)
Aol &eis At Fig. 21¢] YeRN o

A AN E ECPsE g A7) 24)70A)el Anbe Fig. 219 AcjA e} ok
ECPsE A7}3lA e Z2F9 nitrite A 2F2 350+087uM o]|glo ™, ECPs2) =
7} FE7E 018-4017p w” Y of, dE7dl wisld §9F Azt Jesd
(p<0.05). &} ECPse] 7t w=7} 37576pg ' o uf, o) uldtel fo1H
Z7hh SRAE AT (p<0.01).

A A xS ECPsZ uhg Alzl 724120819 AW Fig 219 BolAdel g
NO AjAdollA 72212k e] Zsbe 247bA9) Axel Ao §Alabsidch. ohu
ECPs2] #7bako] 11.74ug mt” Y o), $992 271 HAHon (p<0.05), ECPs9)

Horake] 37576 me' U o, ol vldted % ZFvh &= AT (p<0.01).
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Fig. 21. Dose-response activity of Nitric oxide production in the head kidney
macrophage from olive flounder, Paralichthys olivaceus stimulated by various
concentration of Edwardsiella tarda ECPs. Olive flounder macrophage(5x10°
cells per well) were treated with varying dose of Edwardsiella tarda ECPs.
Each bar represents the mean + SEM of pentaplicate cultures. A, 2hrs and

B, 72hrs.
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7. ECPso] i@t 541 A ¥e) YEF
ECPs H7FFar b8 Altel] @& 541 A MEe] &g g =i Aie
A FEE ALY e Foiait

Table 99| veld Az o} ECPse] H7}

LhebbA] erokth (p<0.05). =, 18788y m¢' ©)3te] wxelMi= E tarde ECPs7} g

=

o] AA e 5AE JehA R3te Aoz HAHAG

Table 8. Viability of head kidney macrophage from olive flounder, Paralichthys

olivaceus stimulated by Edwardsiella tarda ECPs

Viability of head kidney macrophage (%)

(hr) 37596 | 187.88 | 4697 | 11.74 | 294 | 073 0

6 993 | 9900 | 99.00 | 9899 = 9950 | 9950 | 99.00
- ;8 : ”97.4 98.00 100.007 98.407 7 9939 | 98.00 | 98.68
o :18 o 95.07 9%.50 9850 | 98.50 ””798.00 9750 I 9800
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8. @24 34

A gt E tarde KE-1 3] ECPs H7b7h @279 F4of vie 938 2
i Fig. 22 9 23¢] el gl

Fig. 228 cell proliferating reagent WST-1 kit& A}-&38ta] E. tarda ECPse] w9}
Yord 2aiole #AE 2AE 0%, ECPso ol FAUSE AxT 34 B4l

ZA%E AL ¢ 5 A
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2
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S  0.150 F
Q
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=
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-
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187.88 46.97 11.74 2.94 0.73 0.00

ECP conc. (ug mL™"}

Fig. 22. Measurement of the activation of olive flounder, Paralichthys olivaceus
kidney lymphocytes after treated with each concentration of Edwardsielln tards

ECPs by cell proliferation agent WST-1.
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ECPs¢9} 3% 9] mitogens AY8-3la] E. tarda ECPse] @ F4o] 3t g3k

BN

A8t Ae Fig 230 el ok E. tarda crude LPSE 07825z me'e] HEol A

%L proliferation activity2 B @oW, Con AL 25 m'2) oA & 84

Bk 2ey PHA-PS} ECPs+ crude LPS9 Con Ad] dlsle x| o=

o

we ¥

Ae Bgon, 50-200ug mt o) oA proliferation activityz} 2713}

Cell proliferation, BrdU chemiluminescence {rlu 0.5sec 1)
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—®&— crude LPS
—— Con A
—dr— PHA-P
—O— ECPs

1.5 28 5% 1.7 235 47.0 93.9 187.9 3758

Mitogen conc. {ug mL")

Fig. 23. Measurement of the activation of olive flounder, Paralichthys olivaceus

kidney [ymphocytes after treated with each concentration and mitogen of

Edwardsiella tarda ECPs by 5-bromo-2’-deoxyuridine (BrdU) assay.
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IV.

R
e

B Ao e E tardae] ECPsy}t gx¢ WY 71%0) v Jag daA o=
=) 24 /7E FHnA sk olF slstel 1}l 4P E tarda KE-1
dFEFE dold ECPsy W9 A ofaAxEel w2 o] AN v]X= o
FE ZrrEtAon, w3 YJrpo) FAd viAE &S ARG

g2 A% diaMEe] o E terds At ASlHE FA8r] g Qe
%9 E tarda ECPsS} X878 macrophage monolayere} #7131%1-¢ w ECPs2] 3
Zbekoll wat E. tardae] Wso] WEsldtt. %, ECPse} E. tarda W FS H7bstm 1
ARE wieket & oAl Al A MR EAEE E farda T4 E E2ARIAS 9 A
FEel ECPssb #7b8 Agala Z7kek & 1 olde] Fx Az NdrelMe 2
28y BEE HoA E tarda ECPs= oA W A kol webA macrophageo] 2%}
g5 24 wAe el dkAe Aoz 4ddd. o]¥FI FAie R
salmoninarum ECPs 3747} phagocytosisell 438 vl xj#] ¢tk Densmore et al.
(1998)2] B9} Awksle Azt ot ola)gk #ko] R salmoninarum ECPsol]
o 49 zolu #Ee S40 gEd ZAaE sHsael A Ao Yzt
A}
A3 1AM 2 ECPs w29 F7be] wel dvt Zobehe 23E BRI
o, ol AFEe] ECPs7b A7HAS W A dasol sder 2¥=st HriH

by
2

£ HME} E tarda & EFSF] 34 F}F WA B Fae BBE

rl

e W e8¥ 1 slsol A5 A} FRAAL 4L Ao 4B
Esteban et al. (1998)°] )} ® gilthead seabream (Sparus aurata L) 21 93 7 9]
L anguillrume) W& 4245S W F ek 208744 FHEA F75hg ol Fol
EUAE FEE e oA @ FHzt 342 o) F 7k fAEcn Sk B A
oA Y A7 1A Fo AP Bz %x ¥ WITE ol Fato

phagocytic activity® %4atglch. 44 HAAME 44858 298 A% AEw
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0.73ug we” €] E. tardn ECPs7} H7b8 A@olA w4 vdehdod dzed 577
of 3k 494 ol JehtA rgtom (P=0.0926), 0.73ug m¢' o|AFe) ECPs H7}
of 3t AelA, %= F7tol) @ phagocytic index?] foixtc BREA gkt
w3 g 2k dA Y (live cells 2 FKC)L 92 A7 & 12 7ks)o] phagocytic
rate®} phagocytic indexE &A% A, Hrxo ECPsE #7131 phagocytic rates}
phagocytic index gte] F7hshh gyt H7bEd 2 gho] wopAy, 58 2wzl
37576 wd'% A HE AldFe] FKC 99 w3AA-S 9 phagocytic indexe] @3
oA g3 iz BAEATY. o] AL R, salmoninarum ECPs 0.1~10mg mi’g
brook trout (Salvelinus fontinalisyol] =AMLY S ] splenic leucocyte2] phagocytic
activityoll 988 v A 4] greths Bl (Bandin et al, 1991)9F A. salmonicida ECPs
300uee FCAS) emulsifys}sd 28§ FA}13192 o) white- spotted char (Salvenlinus
leucomaenis) blood cells®] phagocytosis activity2} phagocytic index”} FCA ©% # ¢
ol ulstal 97 HolE LhehfA) gkths W1 (Kawahara ef al, 19919 u]5o)
olze) whest fAE B, olels FAw HE Axwel E tards ECPsi
WA 2M X9 phagocytic activity®  Z7FA]7)™, peripheral leucocyte
phagocytosisel]l #dte= 54 Ao #4498 A= AOE AR EH dFEd
A+ phagocytic activityE 9 AA|7]&= o2 dddAD

'd A macrophage?2] CL response A @ 43, A% %2 0.73ug nele] ECPs H7bqt7t
dzrEg Fe 248 Jehlgdon s s 4697, ni o H7FTAME dE
ol HlEe foHog e L YeERUY (P<0.05). 53], 187.88ug m! o]}
#7b AgFAM= CL response ghol Aol vehdal gttt oleid Hae 01 mg

w o]l F%Z R salmoninarum ECPsE brook trouto 23e} H-z]g splenic
leucocyteo] 47} respiratory burstZ} FAEAl ®H™ (Densmore et al., 1998),

Mycobacterium sp. 288 E2] 3 ECPsE rainbow trout (Oncorhynchus mikiss)o] 54

macrophage®] o8] F =2 WEAZE W A5 A PFA NBT @ze] F7)st
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v 3EE A@ToA gidte AES JEhd A (Chen ef al, 2001)3 FASE B
olt}. o] A& R. salmoninarum ECPso| & hemolytic % cytolytic activity7} ZAojs|o]g]
+ A (Bandin ef al, 1991), protease E hemolysin®] Ao} TJF=A G2 H
(Sakai et al., 1989; Grayson et al, 1995} 52 13}, R salmoninarum ECPs7}
macrophageo] 3} respiratory burst2] <j#|9} A3t hemolytic, cytolytic 2
proteolytic activitye} T#E 3t factor 919 & 29¢lo] 93ty H&S w3 4 oy,
2 A7 A 139 Ax #g3 BEd gk daol viFo] & A4 A4F Wiy o
0 E tardeclAE 371e) &4 a9 ol¢fe] thE& giel oldte] HAEe] CL
response’} A E UL sHeAdel AL AR AH7AHEY. £ R salmoninarum in
vivooll 4] renal W& splenic haemopoietic tissue o= H Y 4+ Y3 (Flado et al,
1996), hoste] phagocytic celld] X F4T 4 920 Z (Buruno, 1986a; Gutenberger
et al, 1997), «F AE YA v =i exoenzyme HAstE AL free-radical
oxygen® XS ZFo =3 ¥ UdlA ARz Y3 wAle) shuta Mzigch 1
HBug R salmoninarumi} A1 A2 ] Z|AWA A EAL 712 E tardas] ECPs®
AT A4S 7HAA 8 sbede] A ALE AlsdEth

A= o]EAe 2AE T bactericidal activity® JEhiE Fag EA

flo

superoxide anion (Secombes and Fletcher, 1992), hydrogen peroxide (Itou ef al,
1997y 18] /%+ myeloperoxidase-H,Ox-halide systern (Metcalf et al, 1986) 59
o3l A A=+ oxygen free-radicalse|™, o]E -2 respiratory burst ¥Fg8-o] dojii=
< o= HAJEE YR macrophage?] bactericidal activityell A E. tarda ECPs?} v]
AE GES 2AES A, AEE) 018 L 0.73ug wf'e) ECPs #7F A/ R A M
Aaliso] M A el on, ECPso) w27 F71845 A% macriohage®] ¢
defe> sobAls Aer #AHUN. O, AwkdMe izt sk 793
Aol E el A o) 11.74ug me o14He] FwR ECPs7F #7beg o HF 2

&zol FrelAog Aot olEd Axe A salmonicida®] outer membrane

_89_



proteins (OMPs)& o], Salmo salare] 417 macrophagesoll 10-100zg OMPs m¢'2)
FTEE H7MlY NBT g S4s9E W OMPs  Hrubgol BEFS
macrophage?] @4o] %4 e}, 10 gg OMPs me' ©]3}e] Fxo)A= NBT &
deFel F7F @€ ¢FH 5 YUY (Frnacis and Ellis, 1994)= Zaeb w) x| = =1,
oli= E. tarda ECPs”} A. salmonicida®] OMPe} A& 2] oo Faful ANY AL
2 Azt
E. tarda ECPs?] Fxo] mg A M2 MFEES tryphan blue MA4AE o] &3l &
Agk B3, 187.88ug mi' ¢l ECPs7l AANEHAL ASox macrophage?] AJ&ol =27
g A @v Aoz Idddn. oyg d3= A 13- macrophage
monolayerol] O]k cytotoxic effecte] Ao} AXF2 2 E tardaz} MASteE ECPse
W9 macrophage W&ol AAHA AL v]AAE FAY 47 macrophages] &
e AAElE o g AzrHETh
NO<9} #2 reactive nitrogen intermediates (RNI)o] #9141 u] A E-o) gk o)
Aol s obH £hds] FHE AL opAR ShMEe) et AX 54 uAE
of A|Ao &3t (Hibbs et al, 1988; Liew ef al., 1990; Kaplan ef ai., 1996), 2+
Zo) 3 o]z JehlE inducible nitric oxide synthase (iNOS)= 7dZo|u}t
kgl stressz7b WAl E= 7|7 B A&HFHow FuldAch (Baik, 1998). =3k Vibrio
pelagius ECPsE 1-32ug m'e) =% & turbot macrophageell H713t45 & W, ¥ xel
A3 NOgl Aol Zastdt) (Villamil et al, 2003). B A3 A3, E. tarda ECPs 37}
24178 % g2)9] A% macrophaged] 23 NO2 AAe 0.1640.17ug md” H7p A8
Foll A thEFo) BlEte] foHQ At FAHUYN, DEEQ 37576 ml H7} A
AollMe esld wAA Frise Aoz SAHAT. oes AWM= E tarda
ECPs7} 54] QA2 A macrophaged] Seoldog g 7HgAo g 243ty 4AHE
H3)r ool g 5 whgo g e NOE gulsts AY /ts4ds 448 & +
b3

Ad ol2d #Ae uEw e LPSE 713k turbot macrophage?) NO Al Algko]
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Al et A (Tafalla and Novoa, 2000)3 #AgE 7 &Folny, ECPs H7} 72A41719] 73
$ohE 200Ae) Pkl ¥l%d BB e

xR F2.8 &F3= HYydli= water-soluble tetrazolium salt WST-1& o] 8-3}
of AolslE ME ol Zx)3H= dehydrogenase B¥ &40 38 FHr e =
t WY (Sarker et al, 2001), M¥ DNA EA #AHo) thymidine 4l
5-bromo-2’-deoxyuridine (BrdU)& #7}eli o5 Yo =w 3a ELISA- based
techniques o] &3}y =4 3l= Wy (Gauthiera et al., 2003) % [H’] - thymidine &
H7rato] liquid scintillation counter® =3 sl W (Marsden et al, 1994) 5o] Sl
ou, B ATdME BAL $ 44 He e ECPse] ¥ E7} Sr1a4E
AL FH o] F7hslo] 187.88ug mi'olM Hugks viebich =8 E tarda ECPs
&£ crude LPSU Con A 5o Wigte] de 24 24 UHAATh AP oA
crude LPSSH Con A ¥ PHAP 5e] dxy 24 24& ZAzlgole wz
monocyte/macrophage cell-line (Ganassin and Bols, 1998)2} =% A (Lin et al,
1999) 2 sea bass 4l WEH-Y (Galeotti ef al., 1999)°l| M o] R el v]5:=3 Fv HY
£ uehfgion, ECPse] #4e 5U% wEel PHAS ¥a@ $28 vehiol
mitogen© 2419 A4 AAE 202 ARATh o2 P mitogenoz Aol FHs A
of MFo] ECPs 9% Wol9l mi Mol A A 4398 W dzve 248 §
SHowA Sold WeAdE ATshd wolPe ¥ 4 A& RO AZFEM, o]y
7Ve-d8 E. tarda (Salati et al, 1983)2} V. harveyi ECPs {Zorrilla et ai., 2003) %
A FAH A

ol e A+ 435 EW E tards ECPs7} g 29 MEA W94 5 macrophage)

)

7o) vA e dFe By 4] ECPs7l 48319 A2l macrophageo] thd I
ds @A 3y TAH AFE d3lste vy =23 Frksie Ao® Jeldo 19
L} ol g 45 e) F7tell s B 8l3 Enterobacterianaceacl] €&y o) 1re] S4do)

superoxide dismutase (SOD)E A2 AMFE el MEo] 715 Hew A
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ZHEth, 28Bg ge 49 MFL macrophagert T AEHA HEH AAZ el e]
AE FER wobd Aol qgdth ol o= E tardast 2L o £3e=

ictaluri @2 AME W FF5Fel mWE AF macrophage Al A TS =AM
Shoemaker et al. (1997)¢] K 3¢ 1}ejr}] macrophaged] el A 7} S718S
£ A dasol #4438 Faddy Ak B AfodM dAAEd g AF
o BT dolee P2 A @R ouy L farda ECPsE £2 BEE H7istdA A

dEo) Aotz el FAHAUYG. 222 Yo AT A5 % Shoemaker ef

—

al. (1997)2] A= A 43 4 2L Aoz Holn, E fardad] M 28ls]E 22 ECPs

= dAle] WolHE AstAlA AME YA dAsE A ST 5 de #7388 3

=]

4eto 2 E tarde 9 A% @e] gejabe Ao AlmEh
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2 FolMe dHY BAel 7t e Ao HAd E tards KE-1 @59 ECPs
E dAe] Bg AME, 53] A% dANE, T2 el A g dE o] gAY
< o dEye 759 ¥HMEE B3 sk

TS €88t ECPss Alg ML macrophage monolayerd] H713158 o
macrophaged] A E. tarda2] invasion activity7} Z7}3lu). £38) A% A M X ¥

e E trde #4771 A5 ECPsolM #73) 2748 § ECPss) SE7} Eold

2
I
o
g
By
o
fr
oX

&S HAAM E tarda ECPs M X2 428 84S F7HA
7l JEE e Aoz A4ddn @A) whole bloodol| E. tarda Mo H Al S

W A7 F ALESE 24 A, ECPs 1k E APTolA FeHe gas v

Wz thA M Ee] CL response A8 A3}, ECPs AT A|AFoAM Z4HT =

—

< 845 vetlded 2 AT dzTel vEte &4 dxrt 3743 2
A3t9 (P<0.05). 1 FollAx 187.88ug mi'e] s ® AP FolME CL responser}
Aol JelhdA gotow, nix ko] ECPseE A AX e MAAES JAAFE Ao
2 ZAEUG

HEFol e ECPse] 4%e AN 23, 1% d5F Z4 4ol 2718
mitogen o 2 A1 e] 7}EAo] Q= Aoz el

o83 ANETHE AwLe ECPst phagocytic activity® Z7A]7) 1
bactericidal activity® 73471 A35F Yelllod, 15 %9 ECPs7E #7715 %S
Hol= R3] ol BAgFe] FoHeg Aiyol A e ECPs w271 718
& WA v)Fol AHdEe Aer LAY el2 g E terds ECPs¥= E
tarda 78] F2| Z7}ell 2§ macrophageel Ao HdleS k84| A, edwardsiellosis

29 A9 RN 48 e oz Ardrk
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Td 2 F

off WA MFe MIEAYAME (extracellular products, ECPs)ol] t)d S35 o
24 #E Bye Brd (Muroga ef al, 1976; Cipriano ef al, 1981; Santos et al.,
1987, Sakai et al, 1989; Bandin et al, 1991; Romalde et al., 1992; Tornazo and
Barja, 1993; Grayson et al, 1995; Gunnlaundsdbttir and Gunnlaundsdottir, 1997;
Khalil and Mansour, 1997, Uddin and Wakabayashi, 1997). o} W4 Aldeo] A
d8he ECPs= 549 dgd 245 FR3te o w79 d5es FE3Y
(Ventura et al., 1988), @A A £4a3 &S 3} (Rockey et al, 1988; Austin ef
al., 1998; Lee and Ellis, 1990; Ellis, 1997, Gunnlaugsdéttir and Gudmundsdottir,
1997, Hoie et al, 1999). 28y R, salmoninarum  (Bandin et al, 1991), P.
anguilliceptica (Wakabayashi and Egusa, 1972) @ V. ordalii(Kodama et al, 1983)9} 3
> R B Aol A Ss ECPse M HEAS VERRA] kA o okgk Ao
= 494 Aok

HHA Mol sk ECPso] g Ay Alde] A9 3F 7138 v
T8, B A7olAde 8 vehe] 2 A dig ofF JAg By Addd
E. tarda ECPsof] tadled Apslge}. &, E tarda?} A A St ECPse] EAlS wleots)
a1, 0l #ef Fa g4 A ofFQ dAld ECPsE A FA3HE | 5579 4
g 2 HgstA gS gEsgen, S8 AMEE FHoR 3 AEY WA
sl vlAe @ chsto] AT

& gFE AHEE FSWI10410 7} KE1 735 T3 4% #F gide
28°C, 48217 widatlE W, el 9 FE7F 05-1% (w/v) BE HZMEAE
&) Al Fer ECPs A4 ge B8 Aoq AdEdet 2o wiA F/HA
upE el et ECPs A g Al A3, BHIAGA ¢438tA vt od o
B i zlete] Apolo) #o2 Apolsr B EuE ] Fourh YR F WHZREY E
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2 E tarda 759 dj 25 10~457T o|gon, 44 gt 377 o9 o

—_

LT HY) & A& Lo FA3 A3t (Ishihara and Kusuda, 1982). o] A &
WAool ALSA|e] o] YR 2] AR pREU Ayl og Hovng R £ 99

o met 4% 227t o 5 o Aset dAHe FI2 ddEn, o)Hd Ax

B, A9Hoz RS o Ael - H%4 40 0E 4 g o pear
7+ Az g9 AY 7% ECPso| U3 enzymatic activityS ZAg A3, Agd
T HY esterase9t naphthol AS-BI phosphohydrolaseoll A ¢Fzke] Afo]7} gloy o
£ enzymatic activitysl M= A2l Fdd ZAAMZ JepJedot. E£E proteolytic
activityE H@3 Aa, H¥E ALEe & L farda ECPs= $422 YvEgen, A
GHITE 0] &3 hemolytic activity 3ol NBdF 5% 72400 43
A8 JeEl Tl 18)3m BF-2 2 CHSE-214¢| A ECPs % of 72A17F Zof] ¢fal
cytotoxic activityE R U L. anguillarum (Wang et al., 1998)o| } A. salmonicida
(Madetoja et al., 2003)7} 443} ECPsyF o7 #¢f cell-lined 408 3= 24)7F o]
el lysisglb= Zell Hlsled, E. tarda ECPse enzyme activity?} Ao} glAv} ok <f
a3 griHoz A3 gae A g v 54 7h Ao wdEn
=3, rabbit anti-KE-1 ECPsE ©]-£3} double diffusion assay$} SDS-PAGE2?] A3},

E. tarda 7} st57F 38k ECPsiz Yo aolrt yehtA sttt

o
=l

o) o] 7}& 73 E tarda KE-1 #58 Mesle ECPsE Hasn dA| o

~

rd

Ho
-

A SE9E el AREE aew A9 d 9% EAbstgE, B toda KB

=Y
ik

F9] ECPsE H#t AFol 56g% FAlol 2§ FASIUS W 9%6hr-LDye <
0.714pg g' fish (40pg fish™) olQov), WAk AF 717 FoF wEe®ur ojyg} A

FrolME NE4oe WSy ol AS E tarde ECPs We] 4Ro] QAo Ay

i

e ul

= Aol obdet g1Mo= 4 e AEu £ EE 7)ud F%e

e

vz 7] gFo 2 #dEch
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Pyt AF 591g FA71e] GAlo) 0, 4 P 40y fish! F271 =8 Y9 Z {5

FAEES W deds dd W QRS 99 2179 w8 AR 40ug fish”
o] 352 FA1§ ABF9 hematocrit A& FAF 1Y FRE 74so 15712
Rashs ARS Jeidey dzTele) $93 el JehiA gtk (UM,
P=0.0654). Yo E. tarda ECPZ & & 8% glucose %2 ZAF AW, LEE

(40pg fish'e) FE)2 FALE A Dol 3UMEE FAS) Zrpsted 7URAA fo
Moz e AUz FAFgen (P<0.05), total protein & 3, FAF 5A o] 4 @
40ug fish'e) 52 FALS A QT total protein £E7} thEFo) Hldte] {2l
2 =4 Jelgtl (P<0.05). o|8jdk A= E iarda ECPse] dx AR pe) o3k
hemolytic activity7} 72A17bajo] AjA13] vehvdes A d@sted AZsty, E. tarda
ECPs7} |R)9] AHd7 & AP g3 v|H 4rideze HEy 33971 o
ofu}m o]2 I3t hematocrit A7} A3 A ddof ojd HE of T
HFZo] dojd Aoln], M1 energy sourcez F45 7 & glucosert HA Yo
A EFFHE FE/ FUbHe Aoz Aggrh

2ol E. tarda ECPsE t}%d 553 £dd To) whgolr] WA factor 5 A
lysozyme activityo} o] M A3le e Alg 717 ¢ dE27o) diFd {94
zholE vEhll Al gttt (P<0.05). ofRel B Rajol ozt AT d3Ee uSoly
wro] 7)o Fad J&L A9 (lida and Wakabayashi, 1983; Nakai, 1985;
Kanemori et al., 1987), Y X 3 E. terda ECPs2) 2oi7z} olf ¥A wx AR
g 4gke nA o= Aow AREG 18y %% (@0 fish )2 ECPs7)
T FARRE AR A FAL &1, 3 8 7o Wl wste] CL responsest
A vEbgtes] Aol gt whet CL responsest Wiz sh FARGE e

S YeEtle| E farda ECPs7} A A HME w7135 AAse As

i
x
olo
oX,

Ji?l‘
e

SE]
gk Densemore ef al. {1998)o] w2, R. salmoninarum ECPs+= brook trout splenic

phagocytes2] respiratory burst®} phagocytic activity® H&}A17|0, A. hydrophilla
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exotoxing FANZF 3 6A17bAod AH-E FAS S JFASE HFol dEEHdeH
(Kanai and Takagi, 1986), °|2{3t =22 hemolysinselil FAH3H T (Thune et al,
1986; Paniagua et al., 1990). =8 1ug m¢" o}A4re] V. pelagius ECPs7} #71® turbot
macrophage®] CL response?} f2& o & A3ty stF} (Villamil et al., 2003).

Q)R olE Aol AA FHYstAl HH ) f o] granulocyter}t 217 macrophage -1
Bli/Ee ohokd 59 AAE A& ofste] AAH LT} (Secombes, 1996). A4
Ade] ECPsi- respiratory burst®} phagocytic activityE <A (Densemore et al,
1998; Villamil et al., 2003) 3}A 5+ 2289 o]F AL Ald-& AASE HAFAAM
B Mol Agste ECPse] A& digh 4R+ fle dAelr) aelns & ¢
Tl dxe] MEA waAs AREd ARERE AT dEske 4gel L
tarda ECPs7} A AMIE9] 7]5ol vlzle Q&S FAMSIET A9 d& H A
o} T Mol thgh E. tarda ECPs®] F3E& AR A¥, AFxe ECPse A
T R, HA8S, CL response ¥ Alw AeflsS €431 A71AR nFdAE F
st SAAI7le Aew #HAH]Ych

E. tarda Fo) 93 g Z7)o] AFxe] ECPse M X 48 71404 47
S5y A Aaes FIHAIZIAIY, DExe] ECPse 2|ME o] 283 o]F o] A
T Aslwdl e 4498 ZeA AAAMZI =§ 28" Adgart AAE del
TAE FIbstH AT Ay dalee HZH% PAsHA Bt} (Shoemaker et al,
1997). ¥t opua} E. tarda o2 HEWN EA2FEA superoxide dismutase (SOD)9}
catalase® ¥-H)3}w (Yamada ef al, 1998, Yamada and Wakabayashi, 1999), ©]|=]3t
are HHE Wl oxygen radicals?] F4& A ez AME Ad)5S M

% 9lt} (Totora, 2002).
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Fig. 24. Effects of Edwardsiella tarda ECPs in the phagocytes.
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