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Immunological characteristics of Edwardsiella tarda grown under
iron-restricted condition

Hyun Suk Choi, Deok Chan Lee *and Soo Il Park "
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*Pathology Team, National Fisheries Research and Development Institute, Busan 619-902, Korea
**Department of Aquatic Life Medicine, College of Fisheries Science, Pukyong National University,
Busan 608-737, Korea

The immunogenicity of Edwardsiella tarda was surveyed under two different culture conditions. In SDS-
PAGE patterns of the outer membrane proteins (OMPs) extracts of E. tarda, grown under Trypic soy broth
(TSB) and TSB supplemented iron chelate 2,2'-dipyridyl iron-restricted condition, were examined. The
results showed that the iron-regulated outer membrane protein (IROMPs) with molecular masses of 68 and
73 kDa were expressed by bacteria grown in iron-chelate TSB.

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

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

ly high level at 3 weeks after immunization.

The level of protection in olive flounder at 1, 2, 3 and 4 weeks after vaccination was examined by

intraperitoneal challenge test with live E. tarda.

Key words: Edwardsiella tarda, iron-restricted condition, outer membrane proteins (OMPs), iron-regulated
outer membrane proteins (IROMPs), 2,2'-dipyridyl
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1995). ©oJ&<] Agol AM-H vaccine o] -
A AR gl flate] FEE gk, At
AEHOo ZHE B4 lipopolysaccharide (LPS)
of Alxze] AdE (ECPs) 5°] AMEHUTH
(Salati et al., 1983; Gutierrez and Miyazaki, 1994).
Aol ME EHL ARG A7E Fom o]Zl
Altol] &5 AW ollA] Hobd7] 1%k invivo X
7ol Wshe) wel g2kt (Brown ef al., 1988).
o 8- (Davies et al., 1994a) ¢} o]5 (Gar-
dun et al., 1993a, b)ol|A] in vivo BSFZ 7ol w}=
B a1t Aol digk A7t A=
iron-regulated condition®|~] 2] g} iron-regulat-
ed outer membrane proteins (IROMPs) 2] HA]-&
RIS FAOE ARESIAS o ozl
Mg ukS-S eIl (Duncan et al., 1998). ]
"] AM|+2] major outer membrane proteins (OMPs)
off thh W/t Wol 2 gl digh A+
Zo] B o] itk Tu and Kawai (1998 & 1999)
o] AFANA Edwardsiella tarda 2] 37 kDa OMPs
2 Pelom Wold Folgk AselA Wl
3148 E131%] 37, Rahman ef al.(2002)2]
ol A1 Flavobacterium psychrophilum ©] FKC &}
23} outer membrane fractionS- 3} O F Gl
rainbow troute]] o 310 43 Fof| FA A3 s
AT Lt A3E VERAUTE T8a
Hirst er al. (1994)-2- Aeromonas salmonicida 2]
OMPs ¢} IROMPsE- Atlantic salmono] F-of Sjo
TALAE R 11 A S STk
J8B2g 2 AFoA] = iron-regulated condi-
tionol|A ®lSF3} E. rarda2] IROMPsol| ti3l W
o] ‘A (Hirst et al., 1994; Duncan and
Sorum, 1998)= ©|-&3ld, wid ofF 2] el A
TA 7V B E. tarda AN gk & 2o] 3L
Z4A AR1 vaccineS 7Nl AL KA TE ©1& 9
3l E. tarda & iron-regulated condition oAl
Fatel WAol oiak 54 2A1E AN S, of
el oA =2 HY S 7Ex]= OMPs €]
Wy 548 ZABIYITE S, iron-chelate (2,2'-

dipyridyl) 7} wix]el ®jFE A ZHE

2 w5

IROMPs & #2155, ©]& & Xx1olM] F8.8
ol 4 ghelo] B A2 g g o] ARE =
AVshgek 18] 3 FKC &9 2 2,2 -dipyridyl 7}
FKC (DP-FKC) ahglel] Tt zizke] wief whe-
o] Wste Ao ol AF B4l o
o A AEE B AERS setel] dEgs

o] oS 9l8k &3}A 9 vaccine 7] 7)%

A8i0]

AFE 29 WA PO BRE BPUE
15-17 cm, 30-32 ] X = 67]<] FRP A1 %0]
30ve) Y gl om, & AWT T 2709 Ab
S22 AHFSIITE 2 AP/ F2H20 &
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yEEF
) 2 o] ol gell A A= SI= 1ol 711l

YA ZHE 2000 7Y€l 23 E. tarda ZA
o] A3 Ad 54l 7P =2 dFE AR
SEATE 8] F —80°CollA] HEsI o, At
9] AlhE= 1.5% NaCl o] ZH7Fs Tryptic soy agar
(TSA, Difco)ol|A] 27°C, 24 A7} Z<F uljekals]
HE Addle 455 330 2A oA E 52
ARl T Add ol ARk Th

==

W Z=Z0l| E E. tarda®| HAM ZAL

E. tardaE- iron-regulated condition o] w2} Bl
sl WIS A TE A3 w5+<] E. tarda
£ Tryptic soy broth (TSB, Difco), 2,2'-dipyridyl
(Sigma Chem. Co.) 100 .M %A #7}3+ TSB
9 Fe ©]29] 5571 10 ;M F=7F F =5 FeCls
£ Z7he TSBell Z42h HEsled 277C, 24417k
HieFsid Tk 717 vhE 2l ellA vigst E. warda
S Q4 #2] (10,000 X g, 4°C, 10min; Sor-
vall Instruments, USA) 3lo] B A2 2|H=2 3
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Vaccine £0{2} A|&0] % F|

E. tarda vl ZFz}e] iron-regulated condi-
tion oA A2+ 0.5% (v/v) formalinS- 2]2] 3+ &
313} E. tarda formalin killed cells (FKC)<} DP-
FKCE 77t B 4244l detsle] As
=0.82] &33% (Packard Bioscience Company) =
ZAgsted {Al & vl 0.1 me¥ 57 F#ALS)H
ATE x7= Bt Al AdTE 22 e
2 97 ) FAeiTh WY F 1,2,3 % 4F
el 2} 1&-2] o]FZ AME 3} vaccine Fo o]
g W uhe-S LS

OMPs2| Z2|2t M7| LS

E. tarda @] wFZ719] ©h= OMPs ¢} IROMPs
E H37] $8ke] Laemmli (1970)2] WH o
w2t d7195S AASER 2, OMPs <+
IROMPs¢] H]+= Luywyche et al. (1995) 5-2]
HhH o wle}t S8 S1J T E. tarda £ TSB 9} 2,2'-
dipyridyl 37} TSBE A}-8-3}o] 25°C, 24 A7k Hj
ek Alt2 10,000 xg, 1037F A4 ] sle
20mM Tris/HClI sol. (pH 8.0) & 33] A3 3 &
pellets ThA] 222 Befol FEfele] 253} &
7] (Vibracell, Sonics & Materials, USA)l] 303
7k 3RkESlo] A EldTh o] FEFS- 4,000 ¥
g, 1037F 24 F2lsh 5 A A FHshe] thr]
43,000 x g, 307+ ¥4 etk 94 e
% pellet-= detergent Sarkosyl (protein/detergent
ratio of 1:6, mg/ml) = FEFsle] 32°C, 3077+ vt
SAIHTE o] FEFA2 ThA] 43,000 X g, 304KF

A4l Eelsle] pellet2 20mM Tris/HCI sol. (pH
74 33] AlAskaL A|dErete] OMPs & #l12k
stk

A2 OMPs <} IROMPs+= 5 xSDS sample
buffer (10% SDS, Tris, 20% glycerol, SmM 2-mer-
captoethanol) ¢} =§3sled 100°C, 107} boiling
3132, 10,000 x gollA 1027F 94 Eeldk &
12% SDS-Polyacrylamide gel il loading 3}-4
60mA A 1A]7F A 7%= 31tk Molecular
weight marker = low range SDS-PAGE standards
(Bio-Rad)E A1&-31%3th Loadinge] 5% gel
2 Coomassie brilliant blue R-250 02 Y 317
Coomassie destain 8- © 2 B Sl band S &}

1Ak
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S A 7ke] Z74-2- Roberson (1991)2] H
off wh} Y st o= 2 AT 23wk
A ARSIl o, i w5 Fete] A H &
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Nitrocellulose membranes 7} F-2}=E 96 well
polystyrene microtiter plate 2] Z} wello]] ethylene-
diamine tetra-acetic acid 20mM, pH 7.2) 2 F&
3l E. tarda FKC 3915 50 wgwell 2 531 &
4°Cell 4] overnight 31 coatingAlZth ¢ F=
Al o] ¥k3-o] £ wjwlrt 0.1% Tween 20©] 3
7F& washing buffer (T-PBS) 2 34 A2 5131
th AlE 3 7} wellol] 3% BSAE 200 u® 37}
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sled 37°C, 1 A17F F?F WHg-A17A coating = A]
2 HFE-S blocking 513 Tk L-15 mediumof| A &
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210 celle] T2 F7bsle] A S F =
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$-A17]1 2 alkaline phosphate peroxidase (Sigma
Chem. Co.) & 1:100002 3]43ld 75 WX A
7¥ete] WEGAIHTE 71- & 5-bromo-4-chloro-3-
indolyl phosphate/nitro blue tetrazolium
(BCIP/NBT, Sigma Chem. Co.) & A}&-3le] 100
wA wellell F7Fste] 1027F o] HE5 vk
A7l F TPBS 2 AlF el R4 H7tet
o] W= AAAH A4 il =5

5 Av) 7 (SZ-PT, Olympus) = A|<=3}34 ok

rir
ofh
o,

A1 20°C, 24A17F mgFsle] Eet Ae] 2]
sefslo] 1 x 10° cfu/miE ZH 38 & X
i 0.1 m¥ B2 AT tiRTe
o A AATE TS YR 87 4y
AbsFSt 2t A3 & 10wk o7 2] A4

FAbsle] 27 BABAT Ao AEE U

AR ot
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el AEE= Jepigith
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i & =240l (2 E. tarda®| RN XA}

Iron-regulated conditions©ll w&} vl 3t E.
tarda®) AR tigk WAALS ZAS A=
Table 1] LFERNSLTE 2,2-dipyridyl 47} wl<] ol
HjeFeh E. tarda & FAMSE X = FAMA] 11
Hell 100% #HAbsle] =7d0] 7P w2 o'
FgRl= e, Hol 7k wiXell wj gt E.
tarda= 7+2- 7171l 40%2] HAMES vER o]
o] w2 Zlo 2 velyith

OMPs2| SDS-PAGE profile2| H| 1

TSBol| Hj<Fe #AZHFE Fel¥ OMPs¥t
2,2-dipyridyl 7} TSBollA] gl A 25-F
E2]¥l IROMPs & A1&-5le] SDS-PAGEE 21A]
sFATH (Fig. 1). & 74 A8 25 E. tarda®)
MOMPs¢! ¢F 373} 40kDa =171 9] F2 89S
FEHOZ YeRtOoT, 68 ¥ 73 kDa protein
profiles<= OMPs®l|~] Xt} [ROMPs<llA] o &
o] WA Ytk

OMPs-2 4|33} cell surface protein Gram-
negative bacteriao|4] ZF=Q3F 54 Q42 ZE-
gt} (Zierler and Galan, 1995; Ahmed and New-

Table 1. Pathogenicity test of live Edwardsiella tarda grown under iron-regulated conditions

Treatment No. of Days after post injection
% Mortality
(1 x 10’ cfu/fish) tested fish 5 6 7 8 9 10 11
Control' 5 0 1 0 0 0 0 0 20
TSB-E. tarda’® 5 0 1 0 1 1 0 0 60
DP-E. tarda’ 5 0 1 0 1 2 1 0 100
Fe-E. tarda’ 5 0 1 0 0 1 0 0 40
', injected PBS only.

%, E. tarda cultured in the TSB.

*, E. tarda cultured in the TSB supplemented iron chelator 2,2'-dipyridyl.

*, E. tarda cultured in the TSB supplemented FeCls.
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Fig. 1. SDS-PAGE profiles of Edwardsiella tarda outer
membrane proteins (OMPs) on 10% acrylamide gel. The
proteins were stained with coomassic brilliant blue R-250.
M, molecular weight marker proteins; 1, iron-restricted
outer membrane proteins of E. tarda (IROMPs); 2, outer
membrane proteins of E. tarda (OMPs).

ton, 2001). Suzuki et al. (1994) =} Suzuki et al.
(1996)-2- Vibrio anguillarum) 4] MOMPs 2] =
D3 SAAdE HAE o, Lutwyche er al.
(1995)2 FA|7Eololl A E2]dk Aeromonas
salmonicida ] 28 kDa MOMPs ]| wlo] 2] -4
o] 9lt}txr ¥ 73}tk Duncan and Sorum (1998)
+ ijron-restricted condition &} 7+ in vivo Bl
ol il 543 A E OMPs AL kel o]
s @], oS AukEel wjok £173
M ETE BAQ] WY WSS YdoFitty B
Tk oA ARHAE 9utel] EAe
pore-forming proteins (porins) ¥} siderophore
receptor proteins©] YO Ho]F Jgio] o]
E3} Age] SolH Aok gElola A HEs
(Davey et al., 1998), 22 Aleo] &<l &7
siderophore AJ/doll JekS 54 ok I3HER
3 o32oflA iron-chelatorel] ]38k 2]9}9] profile
AJE-2] W3alel I xJo] 7} siderophore receptor
proteins©] A§doll eJgk Zo =2 AYzbET) HESh
iron-restricted condition 2] ¥ ZAA ¢ %
Al YEld 68 7 73 kDa OMPs + Al-©] iron
S A7) 913k receptor X ARE-FI= Zlo|@al
AAZITE Hol FE38] FAlsh= 1A= oF
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Fig. 2. Agglutination titers in the serum of olive flounder,
Paralichthys olivaceus, at 1,2, 3 and 4 weeks post immu-
nization with FKC ( m) and 100 ,M 2,2-dipyridyl-FKC (
DP-FKC, @), respectively. Control fish was injected with
physiological saline (CON, A). * significant difference
between FKC and DP-FKC, P <0.05.
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o FelF e A UERTE ol A=
Hirst et al. (1994) 7} Durbin et al. (1999) ] -l
A] iron-chelate?1 2,2"-dipyridyl-= 7}8le] Hl <k
&k Aol IROMPs & £ sle] o715 wefel
o FAEYS o verd S GAlvke] A
S} ARSI Urebigh



+ Fig. 39l YERHATE ~°I ﬂﬂl *@“ HL -
o] A& 7 AT EF 154 5E spoto]
Z= 7] ARpsle] 250l FHaL o] ek
T sl ARFeIlaL, ol 8% W 5ol &

Ao wst 343 FAkek pattern = WFERAL
A= FKC 31 o] 71t} DP-
FKC &9l FolFfo A 5ol A A/ Ao
T7F 2FR ANAFE] AT 7EA] FelHeE Y
A UehuE 2le 3EE 5 ATk

*

—— CON
60 —a— FKC .
50 —e— DP-FKC

SASC number/1§ leukocytes

1 2 3 4

Weeks after immunization

Fig. 3. Mean number of specific antibody secreting cells
(SASCs) against Edwardsiella tarda in the head kidney of
olive flounder, Paralichthys olivaceus, following 1, 2, 3
and 4 weeks immunization with FKC ( m) and 100 M
2,2"-dipyridyl-FKC (DP-FKC, @), respectively. Control
fish was injected with physiological saline (CON, A). *
significant difference between FKC and DP-FKC : P
<0.05.
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Table 2. Mortality and relative percentage survival (RPS) in olive flounder, Paralichthys olivaceus, challenged with 1 x 10°
cells/m¢ of viable Edwardsiella tarda at 1,2, 3 and 4 weeks after vaccination

Mortality (%) RPS (%)’
Trearment 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 44.4 71.7 66.6

*,RPS (%) = (1 - (% mortality of vaccinated / % mortality of control)] x 100.
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Fig. 4. Survival rate of olive flounder, Paralichthys oli-
vaceus, vaccinated with formalin killed cells of Edward-
siella tarda grown in TSB (FKC, m) or in 100 ;M 2,2
dipyridyl supplenmented TSB (DP-FKC, @). The fish
was challenged by intraperitoneal injection with 1 x 10°
cells/m@ of E. tarda at 1 week after vaccination. Control
fish was injected with physiological saline (CON, A).
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Fig. 6. Survival rate of olive flounder, Paralichthys oli-
vaceus, vaccinated with formalin killed cells of Edward-
siella tarda grown in TSB (FKC, m) or in 100 M 2,2
dipyridyl supplenmented TSB (DP-FKC, ®). The fish
was challenged by intraperitoneal injection with 1 x 10°
cells/mg of E. tarda at 3 weeks after vaccination. Control
fish was injected with physiological saline (CON, A).
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Fig. 5. Survival rate of olive flounder, Paralichthys oli-
vaceus, vaccinated with formalin killed cells of Edward-
siella tarda grown in TSB (FKC, m) orin 100 ;M 2,2
dipyridyl supplenmented TSB (DP-FKC, @). The fish
was challenged by intraperitoneal injection with 1 x 10°
cells/m¢ of E. tarda at 2 weeks after vaccination. Control
fish was injected with physiological saline (CON, A).
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Fig. 7. Survival rate of olive flounder, Paralichthys oli-
vaceus, vaccinated with formalin killed cells of Edward-
siella tarda grown in TSB (FKC, ®m) or in 100 zM 2,2-
dipyridyl supplenmented TSB (DP-FKC, @). The fish
was challenged by intraperitoneal injection with 1 x 10°
cells/m¢ of E. tarda at 4 weeks after vaccination. Control
fish was injected with physiological saline (CON, A).
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