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Immunological characteristics of Edwardsielln farda grown under

iron-restricted condition

Hyun-Suk Choi

Department of Fish Pathelogy, Graduate School,

Pukyong National University

Abstract

Edwardsiellosis is onc of the most serious discases in cultured olive
flounder, Paralichthys olivacens, in Korea. On  thesc days, the cpizootic
becomes widesprecad in olive flounder and sometimes brings about high
mortality. Because of the commercial importance of edwardsicllosis to olive
flounder cultivation, there have been many studies aimed at controlling the
discase. The development of vaccines for edwardsiellosis should be one of
the most important and prompt controlling measures.

The immunogenicity of E. larda was surveyed under two different culture
conditions. In SDS-PAGE patterns of the outer membrane proteins (OMPs)
extracts of E. farda, grown under TIryptic soy broth (T5B) and T5B
supplemented iron chelator  2,2-dipyridyl  iron-restricted condition, were
examined. The results showed that the iron-regulated outer membrane
proteins (IROMPs) with molecular masses of 68, 73 kDa were expressed by

bacteria grown in iron-chelated 'TSB.



The pathogenicity was examined by intraperitoneal injection with live L.
tarda grown under TSB, iron-chelated TSB and iron-supplemented TSB. The
result of pathogenicity test showed significantly high mortality in the group
of live E. tarda grown under iron-chelated TSB.

The effect of formalin killed cell (FKC) of TSB cultured bacteria and
2,.2-dipyridyl FKC of cultured bacteria on the iron-chelated TSB on the
development of protective immunity in olive flounder was studied. The level
of immune responsc was evaluated with immunized fish at 1, 2, 3 wceks
and 4 weeks after immunization. The numbers of specific antibody secreting
cells (SASCs) showed significantly increased level at 2 weeks after
immunization in each group. The agglutination titre of immunized fish was
significantly high level at 3 weeks after immunization.

The level of protection in olive flounder at 1, 2, 3wecks and 4 weeks after
vaccination was cxamined by intraperitoneal challenge test with live E. tarda.
The result of challenge test showed significantly high survival rate at 3
weeks in the 2,2-dipyridyl FKC than FKC.

These results suggested that 2,2-dipyridyl FKC could be cffective to produce

enhanced protection ability against edwardsicllosis.

- jv -



wergel we) die @A A8 Rash Y 4ae s
$ouUE A o) AuE A%k ofwel ool AAuAnA olg FAF B

AL otsElo] dhake Awel B Ee] mepAw vk AW dHez g

Tk o E AWE FTME Ad Aol LA ElY e s
dAsta flojA Al Aol via Ae) vde] AuE ARy Y A
ol th(4], 1989).

Fdwardsielia tarda 7+ s)vlth a4 2 gk okale] 9lo] 2e H@HslE el
e 788 A7 A9 fddeld (Thune ot al, 1993). 7191 didol] Slolrt
Wl 2hol, Anguilla japonica (Egusa, 1976), g Eetslo}, Oreochromis niloticus
(Aoki and Kitao, 1981), @A), Paralichthys olivaceus (Nakatsugawa, 1983; ul,
1992), 2wl 7], letalurns punctaius (Meyer and Bullock, 1973), o], Cyprinus
carpio (Sac-Oui et al, 1984) & ofe] ojFeld 73 Harv)h ok FGA Lyt
Heol gl FHosMis Bao) Aol ofgt By dgvh AN Z3, g T2
g ¥y JehgE A datels e g kA 9l (Nakatsugawa, 1983), =
8 g-2] viEke] &g FalelA v me WETE ZbAsks o F el WAl vl
Aoupd & oels o eloi(F, 1989).

HaA BaE £ otardeo] W14 factor2iz S5 g BEE Fal, w7

=

il e

we] /)4 2 HE] @A E ®REEk= slime layer like materials®} exotoxinsgl
dermatotoxinso] ¥HE Zo|gh= ol Azt sltd (Ullah and Arai, 1983a,b).
ol 9ol & E. tarda®] extracellular products (ECPs)7} lethal toxino. & #}-&3h

(Suprapto et al., 1995; 1996) =% cell associated hemolysin®] Aol ¢ed



21t} (Janda and Abbott, 1993; Hirono ot al, 1997). Z12]2 =59 A9 o

[=)

A irong #5317 913 siderophore?] iron-uptake mechanism gk W2

e
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i)

Fa3gk @47 ¥} (lgarashi et al, 2002; Schmidtke et al, 2003).

e AEAH] ARy F2e a4 okEo|td (Lin et al, 2002). E. tarda
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high affinity iron uptake mechanism-&  7}Zic
iron-regulated outer membrane proteinsE WA A[ZIC) (Igarashi et al., 2002).
M7to] 4£5¢] iron restricted conditiond]A] ironS #E§= 7|22 specific
outer membrane receptor?} host transferrin, lactoferrin, hemoferrini} 24 A
o7 Z%Fsle host2] high affinity iron-binding proteins2} Z§H&l1 2l iron
o] Mol AE UE olE3le= H-E9 iron-siderophore complexE <14 &=
outer membrane protein®| iron-siderophore® A A1AH M £ R irong 4
A el EAA T3 Aes ok (Lin et al, 2002).

A gdAe] He iAoz 1980 2RE ool ol dig A=

Al thAe] slupgl WAl kel w3 Atvp @ dPE} ghod, LoF

-

W7ol (Song and Kou, 1981; Salati et al., 1983; Salati and Kusuda, 1985;
1991)¢} "Haldo} (Gilda and Wakabayashi, 1986), & (Salati et al, 1987)#}
W% (Mckuchi ot al, 1995; 3, 1995; o], 1998)o] & Apvl Ut} o] 5o 2
ol AL&H vaccineo] A& FAY HFae] ofste] FaE Y, Mt AR
Bjo 2 HE] 2% lipopolysaccharide (LPS)e} 4|22 A 4E (ECPs) Fo| AH#
519} (Salati et al, 1983; Gutierrez and Miyazaki, 1994). Song and Kou
(1981 F. turde?] formalin killed cellsw} heat killed cefls®] A3, Salati et
al. (1983)& E. tarda2| lipopolysaccharide, culture filterate, formalin killed

whole coll# 1% FapHe ol §ste] wolwle] F4& AAFAR ol A
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vaccine o] Hijo #el ApE AlHAHo g Ayt (Salati and Kusuda,
1985, 1991). —rejar Wb 5(1993) E. fardae] FKC, LPS, HKCE A 2t ahed m g
oo TBoldld S of FKCLF LPS Fof-polAut 1M &3 o] At #hgo] Ve
on 27 A YA HKCel| A rut FKCeF LPS e qte] RPS7E 1] &4 Jel)
FKC7} s509] ol Z4e vl a3} o Atk Ag #Rlskdoh

Aol A e AAA grorn] o AL Aol w4 Aol dobd

=

#8 in vivo =219 Wgle wol 2gatt (Brown et al, 1988). ®& T HFH
o] =

(Davies et al., 1994a)<} (Garduno et al,, 1993a, b)oll A in vivo ®%F &2

O

of w2 wWAAd acly dMde oz Ayt Al iron-regulated
condition®] A1 2 2] & iron-regulated outer membrane proteins?] =4S <l
sgar dgler AESHS o wolHel Wl W& YERAAY (Duncan et
al., 1998). o]u] AlsF2] major outer membrane proteinsol] g ®HAd ¥ Hof
A g Ud dFEes ol Rawyo] gtd Tu and Kawai (1998; 1999)9]
Aol Al E. tarda®] 37 kDa major outer membrane proteing Yo = wiF o
o] =l Ao WolH BA4S 321591, Rahman ot al. (2002)2] A7
N A Flavobacterium psychrophilym @] FKC 813} outer membrane fractiong 3

0.7 3le] rainbow troutel Fd 45 Zo) FA AHd Aydr Y

e

st AxE eIl re]ar Hirst et al. (1994)-& Aeromonas  salimonicida 2]
outer membranc proteins (OMPs)3} iron-regulated ocuter membrane proteins
(IROMPs)E Atlantic salmond] Fejste] &4 d@oz 1 7o A4S 53
Ak

oo o A iron-regulated conditionol] A dl kgt E. farda®] iron- regulated
outer membrane proteinsol] gk Wheix] g elAdg ol &sto], wid offF G4

oA A7} ST Edwardsiclla tarda WAl e g&#dc]x HAH
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vaccing-3 zho} M 312} 3}¢ o
W2 Edwardsiclla tarda S iron-regulated conditionol]l A Hijekste] g Aol gt
=4 AR AAsigok. 29 offel ol e wgdddES sHA outer

membrance  proteins  (OMPs)e] 23 54 zAibalg . &, iron-chelator

o

(2,2 -dipyridy)E  #7} wjakstel OMPs (IROMPs)E Helstgm, o] 3
Z7AoAM Fad WolA dglo] He Aj2e A M-S ZARSHECT 1

glar FKC ag1a 2,2-dipyridyl # 7} FKC 3¢l (DP-FKCQ)ol] thgr 217} ¢

e whgol WstE EAbEAa, ob&el Mt el o Adi AES 3 AE
5 Fofalel d=ur opirg 93 24470 vaccine e vz ARE
A A &hgich



AFE 22 QA P g wRE EPRe 15-17em, 30-3282) WAE 6719

a9l 2] Fojgoa oEfede) Pds YA 2 RE 20006 799
& Edwardsiclle fardas x| v 2% 23 Sade] 714 =2 75 Al&8t 9

fLs

Bl &, 80CoA RES & A

—_

1.5% NaCle] Hz}%l TSA] i Hj

o 82A
Wl 33 #H ol AE T vhg HFel Alg-3ksch
3. wje) 2R B Edwardsiella tarda2] WA FA}

E. tarda® iron-regulated condition .2 wjekate] wlolAd o] W3lE A @3t

wioF i 22 = Tryptic soy broth (TSB), 2,2-dipyridyl-& 100uM = A #7}3

e

TSB T Fe2] %yl 10uM o s FeClhZ #H7}g TSBo| E. tardaZ H#6lo]
27°C ol A} 24A)7F wjekEl ik o] & A 7t b2 Ao vk E farda APt
S A4l By (8,000rpm, 10min)aled Wi el de= 38 NHE F Y &

oo @etate] Al 540nmel A FR b 089 @ F4vb ok 1107 cfu/mig)



Ae zkorale] 1x10" cfu/me® 2A e £ da e ol 01wy 273 FAbs

o S 2001 CR FAARSY 109 Fetel w3 HANEE VEE Y

%
Wz 598 2astla wir 4ol AHSE 0w 27 FAsc

N

Mgy o Griele] QRS Apgsgod, 49 F daleld s £l

de) el B AAste] AN QAE Alebsin.

S DERE:

4-1. vaccine $5 93t &gle] A<

Ao Alag @fe % Al formalin killed cells (FKCs)& AR&-3Hlch
2, 2,2-dipyridyl (Sigma Chem. Co.) 7} TSAOIA wjodst Alg4d (DP-FKC)
b 2,2 -dipyridyl 52 7F TSACl A wjdat A9 (FKCO)& A8l sith

FKC= E. terds 373 Z 1.5% NaCl ®7} TSA w=x|o| HE3dbe] 27T, 24417k

ob Awjekdt T 15% NaCl 71 TSB wj Aol #Fate] 27T, 482 et

ol

shaking3lof of & njekel T}

a#a 22-dipyridyl  #7F FKC (DP-FKO)i= 15%  NaCleh  100uM
2,2 -dipyridyl 7} TSA wj=lell E. tarda w55 A Talal 27707, 2443 &9k A
Wjokabar, Y E=dodAM 3 o) A wi<ke § 15% NaClyp 100uM
2,2 -dipyridyl "7} TSB wjAel E. tarda 75 HEsled 27C, 48417 <t
shakingstel gl =F ik}l

TSB ujeked 7} 22 dipyridyl 7} TSB sj kol z}7F 0.5% w2 formaling
Aulsted A oo 4827 gAA A B sigok. 283k dAL 4T

10,000xg, 30%-2F £14] Hejdle] Harsh g FKC g2y 2,2-dipyridyl

=t
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IKC (DPFKQ)@ $le 2 ALga gy 94 Hele FKC gee ad 4o 49
#(0.85% NaCl &)z 33 4 H&le] formalin AEE AAsIHo AHe &
23} & A Al Aol W0me/mie] sE& HE

A Ab&slETh
4-2. ELISPOTE %t g9 ==k

Sol ga) WA Axel EE A€ EDIA 2 F9% Azebgrt

EDTA 2% 898 Edwardsielle tarde FKCZ Phosphate buffered saline (PPBS,

pH 7.2)o & 33 433 % 50ng/méel &%= 20mM EDTA (Ethylenediamine
o

tetraacetate, pH 7.2) 8o fersle] 45T A 3087 wrgA At o] 98 &

G A 2om B)E 10% power levelol| A 18¢F 383} | o 4]
Ha] (10,000xg, 5min)gt & NS FHste] 0.15M PBS (pH 8.0)0 A 48 A) 7t

Fob FAsted zASAch oldA EAY Y

r“

W2 =+ Bovine Serum

Albumin (BSA)& & whala = A}-&3}a] Spectrophotometer, 280nmol Al £

5. vaccine 5o

FKC 8915} DPFKC &910 247k dit g2 adadl dekdle] 17 540nme]
A FFE7F 089wl @57 o 1x107 cfu/med! A gkl §A g vie
2 0med 2 Fapstanh Wt a9t e AgeE e e

Atal gtk



6. ELISPOT S 913 7 atd el 4=

gale] mel Ze®uS 4Asr] 9ste] DEAESPW  column (HPLC,
Pharmacia)}-2 o] &34 22|38 elution® fraction FolA ELISAE o] &3}

of FANE AT o

#
el
2
it
~
)
e
i
Ay
off’

R B ' - A A
SDS-PAGES A A3} 11 Coomassie brilliant blue G402 =& 3<% v}
& APgaATh HPLCE o &3t 2] 4A® JAale 9 22838 $39
Freund’'s complete adjuvant (FCA)®F Z3F3ta ZRa < 10mg/kg & T2 4
ol §l3 774gh Wyt AF 1.5kgel E7 dlstel] avkos HA 57 o F

Aletgdoen 25 3 Feko Ji wWel F28#S Freund’s incomplete adjuvant

(F1A)?} &3tste] 59 WU o= boostalgrt. olof 3 WHES ARGt 2
F GFoE 3% £ F Er AFoREE AMEE MY B €A
& K239k rabbit  anti-flounder immunoglobuliniz Al DEAE-5PW

column® o]-&3to] Bo]3 g -80Co] E@as Ao Ap-8-3lHT).

7. Bacteria outer membrane proteins (OMPs)o] Fz|of #H7| AT

L. tarda 9} ek £7A0) w2 OMPs2} iron-regulated OMPs (IROMPs)E- Bl a?
3171 Y3t Laemmli (1970)2] #Hol utzl H 7|55 214354t
WA E tardas TSB B 22-dipyridyl #7F 1SBE AFS-8te] 25T oA 2441 ¢F

wekat oS AlTS 8000rpm, 1083 €4 Eulg & 20mM Tris/HCl (pH

8me= 33 AHete D& pellets thal 3re golo] HehA thE 3
A el 3037 3ubEslel x5k AelE shslnh o] @EelE 4,000, 104
A Belgk 3 ocell membrance] 3= AbA NS HLlslo] UhA] 43,000xg,



3087 4 Bysignk f4 2eldH o pellets detergent  Sarkosyl
(protein/detergent ratio of 1:6, mg/ml)E @esle 32T, 307t Wh&- A U}
o] &gt o hA] 43,000xg, 30EIF P4 FElsted 22 pellets 20mM
Tris/HCl (pH 7.4)5 33 A& sdgh g A §etsted OMPsE A z}at
St

A% OMPs¢}  iron-regulated OMPs= 5xSDS sample buffer (10% SDS,
Tris, 20% glycerol, 5mM 2-mercaptocthanol) ¢} & 3§} sl 1007, 1027 boiling
&lar 10,000xg, 1027F ¥4 E2l§ 5 12% SDS-Polyacrylamide gelol] loading
led 60mAo| Al 147t A7l dEdgrt. 1¥]31 Molecular weight marker=
low range SDS-PAGE standards (Bio-Rad)Z 4183}t loadinge] ©+& € gel

& Coomassie brilliant blue R-2500.2 < 4&}i1 Coomassie destain o

gt M3ty bandE #<13}sd ot

8-1. &g Ao 54

vaccine A2 ¥ 1, 2, 3% 8l 43 o] of iR P Esel ARH B

& 4T oA overnightsle] Az A1zl 3 914] RE2)(8,000rpm, Smin)dle] 343

o

27 A1 9% well round bottom plate® Al 838lo] microtiterri 0.2 &7

o, 7t wellwh 848 500, 89 =i of 1x107 cfu/m ol Aot

i

8-2. So] gx| A Myel 72



521 @l Al setade] Fu)
Aalold ] =3 T4 AL 2% Fetal Bovine Serum (FBS, Sigma Chem.
Co)), 100 unit/mee] penicillin/streptomycin® (Sigma Chem. Co.)# heparin
10 units/mé7} H7+9 Leibovitz 15 (L-15) culture medium 1méS 53 & 1
3l & &9 petridishell ¥ HBaE nylon membraneS E3A| A A

seral g Fnlalgt). o] A SEtdS 34%9 51% percoll density gradientell

it

{

F2509) 4T, 300-g, 3087 24 Felstel MdT 8 Rt $29

O]I‘;N‘\

sl =2 01% FBSZE A 7FE 115 medium e & 33 AlHst 3 0.1%

>
o

-4
tryphan blue &Moo 2 M3l viabilitys ##3 v}5 haematocytometer=
Apaste] Alg eI A EY AIEZo] 95% ©]3-g gl & A 4188}

s

822 5ol gA) 44 MEe] AF

Nitrocellulose membranes ©] 5013z 96 well polystylene microtiter plate2]
Z+ welld] EDTA =% &892 b0ug/well2 253 & 4T A overnight &<
coating A1 ATH olF =& Ale] ¥kgo] Fu divjt}d Tween 20 01% ot

PBS (T-PBS)E washing buffer2 34 1 H3tr}. 7} wellol 3% BSAE 200

W H7Esbe] 37°Co) A 1A QES-A1FA coating ¥ # 9 FE S blockingst

) L-15 mediumo] A @Ersle) Zul®El =4 422 7} welld) 10°, 10°, 10

[}
=,
=
off
b
i
A
N

sbate] @A ABAS §5317) €8] COx incubator (CO; 5%)9]

X 257, 64170 nickalsdth A& & rabbit anti-flounder g3 25p¢/nl e %

F 753404 Hrysle] wg-A]7]at alkaline phosphate peroxidase (Sigma Chem.

_10_



Co)E 110002 8 A&a] 754 vkt WAzl & vjds
5-bromo-4-chloro-3-indolyl  phosphate/nitro  blue  tetrazolium  (BCIP/NBT,
Sigma Chem. Co.)% 10088 wellel] #7}sle] 107 7F Wde] HEE WgAZ]

9. T-PBSE MA@ Fol ZR4E Azlsled W e FHAZ) BE BAE spot
p

%
-z
e
o
ke
=2
_92
4%
£

Al Fol 1, 25, 3% 9 4F Aol 4 2@y HE 0rY o)fe) &
Aol E. tarda®) TS FAE oS 25U AEE 9 A AEg WEE
SN ST
2 A el Abggl A v oag 33 A F sl ¥ E farda
S TSB wjAlellA] 257, 244130 w3 O P A2l ddao) d"aio] 23
340nmol A FB el 089 o] F7b oF 1«10 cfu/miel AL 7Hekalo] 1x10°
clu/mt 2 ZHE & dA & epely 0med B FAElAT dizds B
He] AEFE 0y 54 A g A4 23 9 10vte]d ojw e BAde|
FAareled 27 #ES Yy A AEE 9 A AEEE2 Jepydlrh
A% F Al ulslME Qoldel ARe] AAE AAste Ha g11e 5

LAt
10. BA8H4 B4

7t AEar Alole] EAIEA F9 AL Student's t-test= W] NiEle}) P&

_I“N‘
o

skl ar, P<0.05 &l A ol dE ket

- 11 -



1. v 2 Aol w2 Edwardsiclla tardae) W YA TAL

Iron-regulated conditionsol] w}g} wjokst E. tardeo] WRIAS A A=
Table 15) L}Ehf 9lct.

TSB, 2,2-dipyridylS 1000M s =5 Hv}3h TSB ¥ Fed F=7 10uM 5%
Z FeClZ #71g TSBol A wiofd E. tarda M-S 1x10° cfu/fishe) Fx &
Y] 5 7o FAE G

2,2 -dipyridyl 7} TSBol wjotdh b tardas FAFSE WXz FAFghA] 10 gho]

100% #H AL HAlo]l 7 & Aow Felx|don, Fe Hr} TSBel wj kgt

A el

E. tardat= 9 717000 40%°] ®ARS VRO Ealo] sha we Row i

Ebsit} (Table 1).

2. Outer membrane proteins (OMPs)e] SDS-PAGE profile2] w2

TSBol  wf<fgt A% e Eel¥  outer membrane proteins  (OMPs)3%
2,2 -dipyridyl %7} TSBell wjekrgt A 2FE EelE iron-regulated outer
membrane proteins (IROMPs)E ALg-3}e] SDS-PAGES HAJ&ch 7 714
A2 W5 E. tards ] major outer membrane proteins®l 2F 37 kDa%} 40 kDa
2718 Fa U5 FEHoF el o, 68, 73 kDa protein profiles &

OMPsof AT} IROMPsol ] o o] wbd =l (Fig. 1).

- 12 -~



Table 1.

iron-regulated conditions

Pathogenicity

fest

of live

Edwardsielia

tarda

grown under

Treatment
(1x10" cfu)

No. of
Tested fish

Days after post injection

Control'

TSB-E.tarda”

DP-E.tarda’

Fe-E.tfarda’

6|7
1 0
1 0
1 0

1011

% Mortality

20

60

100

40

l, injected PBS only.

. Edwardsiella tarda cultured in the TSB.

|, Edwardsiclla tarda cultured in the TSB supplemented iron chelator

2,2-dipyridyl.

', Edwardsiclla tarda cultured in the TSB supplemented FeCls.

..13_.




Fig.

1. SDS-PAGE profiles of outer membrane proteins (OMDPs) on 10%
acrylamide gel. The proteins were stained with coomassie brilliant blue
R-250. M, molecular weight marker proteins; 1, iron-restricted outer

membrane proteins of Edwardsiella tarda (IROMPs); 2, outer membrane

proteins of Edwardsiells tarda (OMPs).

..14_



3. vaccine o] F.o] ol wko

FKC 2912 DP-FKC 39l o] 3 1, 2, 35 9 45 Ao &4 FAVLE 24
g A= Fig 29F @k 5 7hA Agdy 25 S FANE Hap Frreiohrt
3 Al s el =EElAch of wf FKC @) Falpe) &3 A7k 64
o]glon DP-FKC 39 Toe] &4 darte 2565128 2,2 -dipyridyl %7}

FKC 2 Fol7e) €4 77t feldew | 52 Jepdo.

G4 Fol F Bol @Al 44 AE 42 Wil Fig 3ol Seh Qo

So] A 44 AE 5o AL T AQT

1

T 15 #RE spoto] 5]y

A)gbated 25 Aol ar el 2R R grad) ARE Ry, ofw 24 U

F9 Bopro 2,2 dipyridyl 37} FKC 3¢ Zoltea] Eo] shx) A A
Fol 57 25 AAMEY 4 A7 felHoz | A deElgs g B i

& 5 Asdeh
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10 r
—A— (ON
—a— 'KC
8+ —8— DP-FRC

i

Agglutination titre(Log2)

Weeks after immunization

Fig. 2. Agglutination titer in the sera of olive flounder, Paralichthys olivaceus,
at 1, 2, 3, 4 weeks post immunization with FKC () and 106uM
2,2 -dipyridyl-FKC (DP-FKC, @), respectively.

* significant difference between FKC and DP-FKC @ P {0.05.
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NO

—A— (ON
—8— FKC
—— DP-FKC

60

4 -

20 9

SASC numbcr/106 leukocytes

Weeks after immunization

Fig. 3. Mean number of specific antibody sccreting cells (SASCs) against
Edwardsiella tarda in the head kidney of olive flounder, Paralichthys
olivacens, following 1, 2, 3, 4 weeks immunization with FKC () and
100uM 2,2"-dipyridyl-FKC (DP-FKC, @), respectively.

* significant difference between FKC and DP-FKC : P <0.05.

_17_



FKC 393} DP-FKC &9 To 3 71 512 " wdl7] 98t oy 35 3
8 A =4S BAZ] E tarda BTFE 1<10° cfuffishg 27} Fi}50e] 13

U AEEE 2AEGY &9 vl F 1, 2 357 3 45 Avig 47 5 F

ol vlste @S o3 7 ARG wRA T & AEES Ve
Aot F Fo 315 A 3A FAG A9 djRFEG 5 Al AEE
%5 Jepdiler), gl Fid mE A Afole] MESE zolE B
7 oglslth 27 Aol 24 FARg A FKC & Aesh Aol 30%
o] MEES el sie] vsle], DP-FKC 93 53 d3-7olM = 50%2)
MESS GERRWEA 7 3 Afold Mg Zolzt vERr] AlAbssdn-
g9 Fof 3 33 #He F2 AP Hibe FKC g Helgh ATl
50%9] A&&8 vfEhgGlal DP-FKC 3 ¢lE o3t A pola= 80%9 A&
& JERlo] AEd] £ AEEE YHW A vpAIM e g 45 Ao FKC &
45 Aelsh AP-relre 40%, DP-FKC #9l& Foigh Ao 70%9
MEES e AT vaccine AT % 45 E bl oA vy A} Gite= F

2 AL Fo] AE LA 35 Ao DP-FKC &8¢ Fog A3 /1% %9

dul AEE AL b DP-FKC gl Fal 7t FKC @ Fo7 R0 o

A sk 99 e 35 Ae) Ha g mRat,
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Fig. 5. Survival rate of olive flounder, Paralichthys olivaceus, vaccinated with
formalin killed cells of Edwardsiclla fards grown in TSB (FKC, W) or
in 100uM 2,2'-dipyridyl supplemented TSB (DP-FKC, @).

The fish was challenged by intraperitoneal injection with 1x10°cells/fish

of Ewardsiella tarda at 1 week after vaccination.

Control fish was injected with physiological saline.
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Fig. 6. Survival rate of olive flounder, Paralichthys olivaceus, vaccinated with
formalin killed cells of Edwardsiella tarda grown in TSB (FKC, M) or
in 100uM 2,2°-dipyridyl supplemented TSB (DP-FKC, @).

The fish was challenged by intraperitoneal injection with 1x10°cells/ fish
of Ewardsiclla farda at 2 weck after vaccination.

Control fish was injected with physiological saline.
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Fig. 7. Survival rate of olive flounder, Paralichthys olivaceus, vaccinated with

formalin killed cells of Edwardsiella tards grown in TSB (FKC, W) or

in 100uM 2,2'-dipyridyl supplemented TSB (DP-FKC, @).

The fish was challenged by intraperitoncal injection with 1x10°cells/ fish

of Cwardsiella farda at 3 week after vaccination.

Control fish was injected with physiological salinc.
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Fig. 8. Survival rate of olive flounder, Paralichthys olivaceus, vaccinated with

formalin killed cells of Edwardsiells tarda grown in TSB (FKC, W) or

in 100uM 2,2’-dipyridyl supplemented TSB (DP-FKC, @).

The fish was challenged by intraperitoneal injection with 1x10°cells/ fish

of Ewardsiella tarda at 4 week after vaccination.

Control fish was injected with physiological saline.
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Table 2. Mortality and relative percentage survival (RPS) in olive flounder,

Paralichthys  olivaceus,  challenged  with 1x10°cells/fish  of  viable
Fwardsiella tarda at 1, 2, 3 and 4 wecks after vaccination
Mortality (%) RPS*(%)
Treatment Weeks Weeks
1 2 3 4 1 2 3 4
Control 90 90 90 90 - - - -
FKC 70 70 50 60 22 22 444 33
DP-FKC 70 50 20 30 22 444 777 666
% mortality of vaccinated
CRPS(%) = [ 1 - e

e o 100,
% mortality of control
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IvV. 11 2

2ol ek FAgNA stk £ohae AWo s Rake] @A olFel YA
i £ A% Foz BT A9 e A4 £4% AAen Ak
58] sllgo] AelA b we ¥lFS AAE o] FS] @A A wid
Z HAls 1 A+ (Nakatsugawa, 1983; 3, 1989) o =9j=w e 14 MY

A Q) Edwardsiella tardag) 7o 218 Aoln], 31y akalo g olst 37 oti}

ob A ezt dzke et ole g £4

(]

sigelzl d@ YHow e
o 3sr aiAs ASE T Qo oS Al UE W 2508 Qe 4
gakel o3 Fask &zt UElds 9 9tk (Acki et al, 1981, 1989;
Sugita et al., 1989; Grave ct al, 1990; A<} 3], 1994; & &, 1996). 12 &

TEAY WE Sye BHo A, AU EEHS vacines] W] U

®oAdg M HAZ A dddez ALEEES o ol wE ol &y}
o] g5H  formalin killed cells3  AF839 2 (Gutierrez et al, 1994;
Mekuchi et al, 1995; 9 5, 1993), o] A T34 jron chelatorE 7} uj ok
el AABE vaccined] &= wbstazal s39ck iron chelator 2 A
2,2 -dipyridyl& #Hrbgh iAol E tarda® wiokste] FKC (DP-FKCO)E A4 st
oo v]E£e] ARER FKC vaccine#te] WAl Ade] ojgh aatE v wslaral 3}

Fol ¢ ofAl W2 ae gt B ofande W AL F9 Y
£83 Pakete] Weold S v HEskATh

ek 20 WE E fardad) T4l ololE 7] 98], QAo WFS =aleld
o} o wf A8 ¥ E tardats TSB, 2,2-dipyridyl %7} TSB % Fe 37} TSBo| 7t

b oulatet garolglom, w7 AY 2w 22-dipyridyl #7} TSBelA] ke
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E. tandn2] =Alo] 4k 2eko o, Fe #sF 1SBolA nfjokst E. tarda®] =40l
Se glog #@lE 9l

SDS-PAGEE- ¢} &3}¢] outer membrane proteins (OMPs) 2] profile-g ZALSH
=, ek =48 A8 @73 OMPse} IROMPsAlolol+= T}E patterne] ©
2 profilese] WEMYTE = major outer membranc proteinsg! ¢ 373 40
kDa =7]e] F88gle FrIHoa yegod, 9 Frddr 232
iron-restricted conditiono A ®j<kE &= E izl IROMPsell A 68, 73 kDa
protein profileso] ™ A &}A| H&& AT

olAde] Choi-Kim et al. (1991)& iron-restricted conditionol] 4 ujj3k&l
Pasteurella multocida®) iron-restricted ouler membrane proteinsof] 4] 76, 859} 94
kDa®] =& bandz} velytclar Baidk v} 213 o™, Fouz et al. (1997)9] <1
Fo) M= Vibrie damsela® Fe Az} wokst 2o HEe)d OMPso| A ekt
2 ekgrwl 82¢) 85 kDae] mEA 272 AES bandE  iron-restricted
conditiono] A 913} v} ¢l

OMPs-& B} &3} cell surface protein® Gram-negative bacteriao] A T 23 &
a4 s ZHE3Y (Zierler and Galan, 1995, Ahmed and Newton, 2001).
Suzuki et al. (1994)3} Suzuki et al. (1996)2 Vibric anguillarumel|A] major
ouler membrane proteinse] WA Y AL B EYN, Lutwyche et al
(1995)8 Yz 7f4o]ell A B-2) %l Acromonas salmonicida®] 28 kDa MOMPe|
ol 4 sel4de] dthal RaslEch B Lo tarda2] E£4 ¢d4tolA] OMPse] o
go] stelx] 23 egkor}, 37 kDa OMPE AAslo] wleiazl waole] Mt
FASYE W wWolso] Felxgct (Tu and Kawai, 1999). Duncan and
Sorum (1998)3= iron-resteicted condition®} 7H& in vivo vfok #FFo] i} 5

Ak dE@dsk OMPs f AL akgio] viefshAl AWM, o 518 Akl vk 2
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A gl inorganic ion(¥ 7]E 2] o) ¥ =, specific nutrient limitation, pH &
o] dl=d olFol sl SAd¥ WA FAF o] thgEA A En

= nlel Wale] wal MAEE 7 EoA] 2uld] #Ea)sli= pore-forming
proteins (porins)#} siderophore receptor proteins©] $lt}h. porins£- periplasm
Yell 22 hydrophobic molecule®] %2 435 $3% large water-filled
channel-$- &8 43}31 outer membrancg /12 At So|d Gokirg] o]F ) A
o] Eol3 ook Aejols] AAwch (Davey et al, 1998). 2g]xl iron2
regulator signal 2] U E A Mol & W@y} siderophore Aol HES
FA #th Gram-negative bacterias iron-restricted conditionol] 4 ) okz gl &
o) 2 EE rong 5517 98l AEElE high affinity iron-transport
system= 7}zl o] AL R Aab#o] iron-chelators agents?] siderophorer} 4l
¥ 2w iy A ubs EaEle siderophore-iron EFHA) 9] uptake8} transport
of Hoddhi= receptor proteins2. 2 P HT (Brown & Williams, 1985; Jacques
ct al, 1994). T2 x B Ao A iron-chelatorell 2gF 2)uo] profile AE-2]
Holel =4 zbo| ¥} siderophore receptor proteins?] Aol 2sh Aoz Azt
o}, Igarashi and Lida (2002)2 ® ¢1-ftof #AFsk AuE 7hA=dl, H A9
=/3o] iron-uptake mechanismell ja] 8 &xn wFEZHE irong 537
23t siderophore7t Al =™, iron-limited conditionsll 4] siderophore2] 4344
o] Y Z5-F Haldksith Schmidtke and Carson (2003)2 bacterial pathogens
& iron-deficient media, iron-limited media®} iron-enriched mediaol A wjj %3}

o] bacterial protein®] teFSH profiles& #2919y, iron-restricted condition®]]
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15

43lol) 438 Fiz Aol (Meiwes el al, 1990; Courcol et al, 1991;

Drechsel et al, 1993; Domingue et al, 1996; Colquhoun and Sorum, 2001).

olg} WHdad B A Yo A iron-restricted condition®] vjek oM Tl =
A GEld 683 73 kDa cuter membrane proteinse AM¢to] irong A7 #
& receptor2 M AlE-dl= Aolatar o Aok opA] ) irono] FR3] Ea)E)
E 21 E oFaA E=A48s! 68, 73 kDa®] iron-regulated outer membrane
proteinso] & A ZAoM = siderophore receptorZ A4 2$-8le] 432 high
affinity iron-binding proteind} A4 A o] 4] iron-uptake mechanisme] 7§ A]
a1 o]7le] &= A factor® #AEEA i AR AlREHME, B e 54 A
§lol Aol olpale 2™ TSBU Fe2 #7hak TSBoll Al wjekst F. tarda
B} 2.2-dipyridyl @7} TSBo A wlgkst E. tarda7} iron-regulated membrane
proteins& FHA|Z o T F2 HAE Vel Qo8 AzhEd.

2 oA A+ vaccine® Folstr 1 GE =FEr] el So)d Wy
b Fola ®el ¢A AAE HFapgor, ANa mef e RAg
v} Hakstd #2lstz| 96t} Enzyme Linked Immuno Spot (ELISPOT)-E 4
Alste] gA WA MRz 8 Algs 3l

Boodpof A FKC¢l DP-FKC %8 W lez Algsle] 7zt vaccine # g
& 3 3 FANE F4% A4, 157 Adle 7 AR FAS FAE LE
ksl 22 maE] M A E Zvbstel 33 el DP-FKCE-$ 08 vaccinedh 41
Aapellal A %2 A7k Veh gk ol gk A Hirst et al (1994)3
Durbin ct al. (1999)¢] A-Fel A iron-chelator?] 2,2-dipyridyts 3 7}ete] v gk
@ diwre] IROMPsE Zojate] ol 4& wogloa FApata S w viehd S
GAzkel Akt fababAl e

A A AEs HEEs e

haemolytic plaque assay®} ELISPOT

L
i
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g o e Wol izdl o] F ELISPOTS el @91, £a9h 71718) o4
A5 o] &g W o w 71#2] haemolytic plaque assay ®Th 7Fez) #4l
ojubr 2z} 3B o] &32E hacmolytic plaque assayoA] #Al3t= back

ground?] EAHL sl 5= ool Al o] ol &Hu gl £ WRet

[e] [

A

ELISPOT ®H-& Dad, Limanda limanda 1, {Secombes ct al., 1991; Davidson et
al, 1997), Roach, Rutilus rutilus (Aaltonen et al, 1994), Rainbow trout,
Oncorhynchus niykiss (Boesen et al., 1997), Carp, Cypronus carpio L. (Bandin ct

al., 1997), Flounder, Paralichthys ofivaceus (3} 5, 1999) SolX &% <7} 2l

ool @A 4 AZ 42 geld A, ¥ AdTAA 27 el A

).

N
=2
ol
o
Ir
N

= Au=E HojFglon, FKC g¢dHtl DP-FKC 398 o3 4
Aol o He 5315 vbehgith ELISPOT -8 ol 88 &3 44 A% +
ol 7% patternzt #3 W &3 FArte) £3& dehlli Bate] patterne]
frapata ATl Al WA AFE 5= 27 A Ha FEE B A6 sk §
A Ak 3% Aol A $£AE dERAAT ol A2 91 delo] ofA U=
F9% A =W lymphoid organ &) lymphocyte/} A=%o d4& A3z

AEE wo) Raiel Z2e #AL AHNA Hu dH W 23 FgA=
lymphoid organ el oleldt e WA Az BelF @A el =
e An #@®Ee] 9lg Aem AlZErh @B Ao Hy 43 FKC (or
DPFKC) 1S iAol 2olahie of g 44 A9 34 o Sof 4%
o W WA FAY S Aglor], 53 DPEKCe AF§e dwbEel A5y
o] wE FKCol| H|&a] &olz @xs el Aoz mudEch o
iron-restricted conditionel] ] W& g+ DP-FKC ¢ de] [ROMPE 25519

rr]OJ‘

1

14 B9bE FAAA FE Ao e

AO
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27 dddel 2] vaccine?] %o &r Algo]A FKC 3¢l Fofol H3lo
DP-FKC &¢l fojqtzp o H& ol a3t e 4oz veisoh &9 Fo
F 1% Aol = 2@y Alole] woelee] Holr GRAY 25 AR A4
DP-FKC 3¢l Fof-peo] ol Ayt o a7 vepdwia 35 sjels FKC 34l
Folqre] MESo] 50%5 el slel Blsle] DP-FKC gl Fofgte] AES
& 80% % uEbTh ol@jd AmE FKC ggle] ofA wolds F4A474 Fut
= AL #deda o] FelA 22-dipyridyl H7b ul Aol wjkEte] A=bg
FKC g9 Wojse] o b & Felsidcth

olte] Axs FiE KW, zYe 4o FEE Abge AS FKC #91& Al
2318 s o} 2,2 -dipyridyls H7isted AlAglk DP-FKC 95 AH88 4%
protein profile ¥3}7F el W z)ef vaccineo 2 x| 2]3k g o9l Ao A
= zFo| 7} vEbydrh o] #13k A= iron chelator?} siderophore receptor® 4
£33} ironregulated outer membrane proteinse] WEH-8 © ZalA #p817)
whiFQl Aoz At Hch

elrE oro el ol oy B A gle A ilEbyt iron-regulated outer
membrane proteins z}7}el A} 7)ge] e Kok cheksin Zle] = A

7 olol ol & Aolth,
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2] vkl slgrol gl R =2 vlES 2RAEE ofF:Q A= sivt
o} =ojule Ao g 1 o] vhlElt}. Edwardsiella tarde & ol ¥ 2 H o
MEAsl Ael@olw 2ad WRARA FFolt Gaolel el s

olA, FAoiFol WF 7rEe] NAw G4 ZAFCI B 4 ok ol @

FAEZ #lA2slr) fd FREA QAo 2 A vaccine AHEE & 7 UoH, olE
9late)l B oAy ] Aa|Aelar . tardac] I AEFHQ W 75 /A

vaccine 7§aFe] 7% A& A= 1 BHE A0

Moo E [ tarde?] 54 vwE $&e] <yt TSB, iron-chelator¢l
2,2 -dipyridyl H7} TSB " Fe #7) TSBel Al 7}l A& EElsla o 7)o
E. tarda® A7 Aoz okt z2p Aol wjckst el 3t outer
membrane proteins?} iron-restricted outer membrane  proteinsS 2] 3}
SDS-PAGEZ &1 A2 vlawatich. el dzbel wiekd E. fardacl g
Wl 1S <tolr v] 93l formalin-killed cells (FKC) &-¢1-& A Aol X o)
Fostgu). ol &1, 2, 35 8 4 sl ofe] sbA Wy whEo] £Abeh

A H4¥E B3 AEsAA g Bs VI EL

54 AFe] A3 dron-chelator H7F AIE 2 E ierdacl A HAdo] 71

Forom, Fe A7k A9t Eodarda7h 7HE S 54 YERTE el

SDS-PAGEZ o] €31 a9 24 2do)A iron-chelator #H7} A3 2] FE

1=

Y 7FA vaccine Folot Foll A 2,2 -dipyridyl Fvp wlx[E wfeksh AR A
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23k DP-FKC 3¢l Sof-t7y &4 galzbb o =4 vephoh 3 ykgo]
e A7) A% 23 FAVE FAIAE FKC 2513 DP-FKC 29 S0)-pef 4
B iR yRYg 2 5 FAVE el 35 Al HnAE UEhid
t} ELISPOTS o843 gz 44 HME 9 7dFoM= &3 FA7Ee} FAe
patterng UERA G =, F 7HA vaccine Fof oA 23 #lo) s ®2e &
A Al E YA

2 A" A 3F Ao FKC &¢lo] 50%, DP-FKC a9 Fo ol A= 80%
of AEEE Ytk ddxe g DP-FKC &9 Fojgef ME&o] w74 4
Ebut )

olxre] Az HE] WAl wF Edwardsiclla tarda®] vaccine® Z = HA| A+

i

A

4

= FKC vaccine ®Bo} A A3 Z7lox vkl 22 &41¢] DP-FKC

:
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