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F2 o FF ADgoown fH A 0.8 BF, A IPTG fiff I 28 3 i
4 0.25 mmol/L, 2 %1% S 0.3.5.7.9 h, fF
AD o0 TH 514 0.1,0.3,0.6.,0.8.1.0 B, fim A
IPTG ffi i & ¥ 4 0.25 mmol/L, %S 5 h, 1
AD 00 {4 0.8 B, A TPTG ffi Hi Uk BN 0.25
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P L B0 BRI A 13
14 BEHAZEAMa4LEEN
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4 °C B0 10 ming DU 4l K B0 v . 4 in A 40
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Ja AR IR TENR % A8 IR 30 min J5 A S
L FE R . BUEVEE W 6 mL M AFEN, 4 °C
2 425 r/min B0 2 min, FEW . EE 3 K. BEMH
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(0.01 mol/L,pH=7.4),%]% .10 000 r/min & L
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WA M 96 FLAH B 3G SR A, 50 /L. i 28 Hfd
B 50 pL/FLL A EER R 2 P47, 25 CHER
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W A DMSO, 200 pL/fL. IR G IR,
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SR S 5% S 5 OV ) 2T A LSS L 4R R L s 49 1Y LR
JA R b % 22 vhii (BBS) 15 %] 2% ERBC. H 20
pL 19 2% ERBC, 80 pl. 284K, IRA1: A 80 pl
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HlAF 50 W MARMER . DLES L2 28 Wl (BB 1B
25 X IR
1.8 BEEEENE
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Table 1 The assay of the hemolytic activity of the complement
7. : G g 0 s 0 i A
B e IR L KWRIEC kim0
Number Barbital buffer at the 2% eels red 2 units (_)f Waterbath Wat.crbath Complement
solution ratio 1 # 20 blood cells hemolysin temperature tme activities
1 56 4 20 20 37 30 200.0
2 54 6 20 20 37 30 133.0
3 52 8 20 20 37 30 100.0
4 50 10 20 20 37 30 80.0
5 48 12 20 20 37 30 66.6
6 46 14 20 20 37 30 57.1
7 44 16 20 20 37 30 50.0
8 42 18 20 20 37 30 44.4
9 40 20 20 20 37 30 40.0
10 60 0 20 20 37 30 -
11 100 pL 50 WK MFRAER 100 ul. 50% standard hemolysis tubes
12 100 pL B ZZZ 0P 100 pL barbital buffer solution
TR 7 AN R ACKE B 6 ) JE#MACEE 1L TE 1 . Note:“—” there is no complement activities without serum added.

DU 5 FNBR o 5 TR HEAR A 100 L W FH B
WS BEFR TR 20 s, 4351 F 30 s fil 4.5 min &
ODsyo o {H o V85 TR B 1 TH 5807 7528 « IV 1 TR G VA
JE(U/mL) = (BEfL L OD, 5 i — IZFESFL ODyo )/
(FRUEFL OD. s pin — FRUEFL ODyo ) X b i i B 1 ¢
JE (2.5 pg/mL 5% 200 U/mL) s K W&/ HFIE/ B E 7%
BGH B (U/mL) = (FE S L OD, 5 i — I FE i1 AL
ODsy )/ BRUESL ODy 5 i — FRUEFL ODso ) X A5 IHE
JRE R BE (2.5 pg/mL B 200 U/mL) /& T &
(0.2 g/mL),
1.9 ELISA 3%l ZE 8 & It 75 1 4 s i

i) 96 FLAR AN A 100 png/mL #5404 EE
R W76 B VAR B B AL 100 L, 25 P R4
PEARREW .4 CAapad . W H ,PBST VeI PE%
200 pL/HL, PR 3 K, B 5 min, A1 1% BSA/
PBST & M, 200 pL/L,37 CHEH 2 h, UM
3 W HFIR 5 min, N3 AR AT LG RE 9 B8 G 1 i
(2" ~2745 6 M RERD) L BT M X HE RN 25 1 %) B8
P, 100 pL/4L.30 CHEHE 1 h, Witk 3 K. B IK
5 min, i35 P R B B S BT A8 il TgM(1 2 1 500D,
100 pL/4L.37 CHEH 1 h, ¥EMR 3 K, E K 5 min,
T PR B 0 SE B S B AR BT (1 ¢ 15 000D , BF AL
JA 100 pL J5 37 CHEH 30 min, PER 4 ¥, &K
5 min, MEYEW OPD,50 pL/fL, & 15 min,
L2 mol/L My % 1k W& % 1k, 50 pL/4L. W &
ODygo o fE o FE i B IALIE RN S (FE i OD— 25 1 %

T OD) /(B HEXF HE OD— 25 A X #R OD) =2 ) 5 i
T B RS A, B 2 LW RN A4 Log, b5 A EUE .
110 WERESEERPERUE

B BE IG5 28 K .2 4L 8 fig 4 1] R FH AR 4l & il Ak
FGBE (1.1 X 10% cfu/mL) | Mg 7K < B B (0.5 X 10°
cfu/mL) FIEIM IR E (4.0 X 10° efu/mL) i 1 1 5 &
Pe,0.20 mL/JBE. 45 B A [\ K % 56
8 BB /A MU ARIC A BB i 14 d N R FE T Bk AT
R /N - A B A S A DO N VRE ok Sy R/
KON AR R = (1 — SR T 4LE T %/
BSA ZHAET#) X 100%,
111 FitELH

2 HBCHE B ) 2 5 B P A SPSS Statistics
20,0 (Al ST R S ¢ A S IEAT RN . LB 71
i + 45 1 22 (mean =+ SE) HKHE . A FH # 4 Origin
75/E RS, H K B K K (Chi-Square. Likelihood
Ratio) i 7 S92 PR 3P 38 45 L 10 22 ¢ 1o

2 #RE5HM

21 AEFESHEE OMP HFRiX

2 IPTG %S 3 h(J| 1,3k 2) .5 h(& 1,3k iE
3).7 h(& 1,3k 4) .9 h(& 1,38 5) )5 . 4w
RERBHMEH LB 25,
22 AEEBVIWRIREES OMP M&RiXx

Z IPTG S AWK EMHBRHRERLAN
EAE 2, WRPVIEEIE AD o, AN 0.3 & 0.8
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2,3,4),

M:Marker; 1~5 £/nRiES 0.3.5.7.9 h i HAYE A RIL G R
The expressed protein induced by IPTG after 0,3,5,7 and 9 h re-

spectively.
E1ARESHEXNBNEAREFELZM
9 SDS-PAGE 4> #T 4 &
Fig.1 SDS-PAGE electrophoresis analysis
of the expressed protein induced by
IPTG after different time of E. coli BL21
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1

M: Marker; 1~5 #7517 5 B W46 W B 23 51 ADsoonm =
0.1,0.3.0.6.,0.8.1.0 B} H i & [ 19 KL 45 % The expressed pro-
tein of BL21 induced respectively by IPTG at 0.1,0.3,0.6,0.8 and
1.0 of the ADgponm value.

2 AEFESEREMENEARIE
5% % K SDS-PAGE £ #1458 R
Fig.2 SDS-PAGE electrophoresis analysis
of the expressed protein induced by IPTG at

different concentration of E. coli BL21

23 HHEBRIZEEREE

FAEAMA PTG 5T REN, THNEA
(P 3,3k 3). W IPTG % RKkJG ./ LiFh R
RMHBE A GRIE D, HF 2 T I05 b Ok
iH 2) R UZ AR E A RIS Ay R L,
24 EERW4ALEEN

X AR RSP BT R, A BRAE 2 53

ku Zb A —H F 5 (B 4,9k 0E 5~8), 5 HINEH
R/N(53.22 k) AT, R W HE 1 BEA KA W 2Rl
fift » UL W H 3R R S AR RCR B

M:Marker; 1.1 53358 7 0% #4250 J5 EALE 17 Superna-
tants of the expressed recombinant BL21; 21755 28 ik #8 7 i i 25
UG EA W UUHE Pellet of the expressed recombinant BL21; 3.5
% FHEA W Expression of recombinant BL21 without induction.

B3 EFTENEBREEAN SDS-PAGE 7 #4R

Fig.3 SDS-PAGE electrophoretic analysis

of the expressed protein’s form

M:Marker; 1~4:4li{k )5 % [ Purified protein; 5~8. & /)5
# 1 Renaturated protein.

B4 @i 5EHEEBN SDS-PAGE Bik 5 #4 R
Fig.4 SDS-PAGE electrophoresis results of the expressed
protein after purifiing and renaturating
1 4R e % 40 X 38
TESPEG S5 7 A 14 KM EE 11 4 A 4 i 200
ALK T BSA 4 H 2 th TN 22 5 BOR (SE
HATO I ARB R B E K (- 5,
26 FEEME
LI 5 7 M 28 KA I 2H B AMA T T
FE T BSA 41 (& 6,P<C0.05), 745 14 K, HMEE
12 B #MA TE M8 T BSA 4. H I R B 3 T
PEE

25
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2iz oo crou B 7AD IFRECIEL 7B) L iE (&L 7C0) AR i (181 7D)
SEE0d o VR O R I R S T A
2:5,, 28 K, SN 1LV IO Fh £ 9 O B A T
<;; BSA 41 HAKE B EWAKT, 4 14 K AMEE A
B LI 75 o T T BSA AL B B
Day of post immunization 52,

5 SRR RN A I AR 28 MFHELN
B 5 2 (mean+SE; n=6) ME 8 n] IFH , PGS 14 KA 28 K, IMRE
Fig.5 SI of whole blood cellsat different EHA M PR N B FE (P <T0.05) ok B &

days of the immunized eels (P<<0.01) & T BSA 4.,
P 29 SBFKERLFEHETRERPE

25 mf AL YR G 2 R o S BEAE 4L A 35 % o)
2= a0 £ tarda Omp group ug Piok TR W K R TR SR B R AR IR R T
B¢ L 12.5%4.50.0 26 Be T1.4 20 B A 0F G B2 (R 47 4 (&L 9)
2EE PIIR Bl 2 AR IR I 5 14 d ) BSA 4 R4 &
<7 [ 4L 88 4 40 B T 43 B 87,5 (BB TS 7 KO A
08 2600 (BET 2 %), RTRIR R W], fu s J5 S AR A

14
APE I I )/ d

Day of post immunization

28

* o [A] — I ST 4 £ i) 22 57 . 3% (P <20.05) .
(P<20.05) differences between immune and control group.
B 6 6855 % 5 A B B A & A E 1% (mean = SE;n=6)

Fig.6 Complement activity at different

* indicate significant

days of the immunized eels

o s A 14l

BSA group
A 1AL

E. tarda Omp group

14 28
g i i n)/d
Day of post immunization
2 L A 1AL
BSA group
SN 141
E. tarda Omp group

200

Gy ST I W/ d

Day of post immunization

7 SBiGEREA R EMmE(A)AFRE(B)

Y5 BSA H RZFRIE T FAFAE B F M (P <<0.05) 2
o VIREK M R 14 d N BSA HFAHM &R
P £H 48 i Y SE TR 43 5 100 % (BET 8 ) Al 50%
GET-4 50, FhHRBERN, EEMREAAYS
BSA 4 BRBET R AF7E W E M (P<<0.05) 27, &
Yo 5B J5 BSA 4 A Ah 5 B 1 4 1) B i fE 14 d
PR AE T3 50 51 100 Y0 (BET-84%) 18 7.5 % (Bt

£ 800r a4k i i A 4L
BSA group

[ P SSEE
E. tarda Omp group

14 28
Ao e I )/ d

Day of post immunization

525000
< = 333 BSA group
=% - LHEE

E. tarda Omp group

7 14
o g )i i Tl /d

Day of post immunization

JERE(C) 57 (D) A E B8 iE M (mean=SE;n=56)

Fig.7 Lysozyme content in serum(A),liver(B) ,kidney(C),skin mucus(D) at different days of the immunized eels
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BSA group
121 -9"”:%& WE:i)
10} E. tarda Omp group -

*

L 375 A0 0 8 fT
log, of serum Liters

7 14 28
G T U )/
Day of post immunizalion
* o 5o SN AL BSA U153 B AR E B B3 2% 5 (P<<0.0D) F1 i % (P<C0.05); * * and * indicate mark
significant (P<C0.01) and significant(P <(0.05) differences respectively between immune and control group.
8 A[E B iE €4 B79 ML iE H ik M (mean=SE;n=6)

Fig.8 Serum titers of immunized eels at different days to B79
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z —=— SN AL
* = 100 E. tarda Omp group
¥ 5,
| E ~
REig
= = e
B = F
= E
£ % 4 6 s 101214

T PEAR QR G5 0 fil/d
Day of post challenge of E. tarda(B79)

<= 100 <= 100

¥ 2, 80 ¥ S 4 80 .

Siiw i £ie i

223 : —— =53 —— ZE LI A 4

== 40 +§2|{A”~?'fihl 141 = 2 v 40 BSA group

Bk Z 2 SA group Bk 2 g —=— A I ZE 194

g g 20 —=— ShI i AL g s 20 EITIJ‘IL;ESLII(])r[rEP group

= 2 0 E. tarda Omp group & ¢ oL e
= 0 2 4 6 8 10 12 14 = 0 2 4 6 8 10 12 14

IR 7R oY e I i T/ d
Day of post challenge of A. hydrophila(B11)

R I i 1l /d
Day of post challenge of V. vulnificus(B88)
* LI I AR 41U BSA A A7 AE B P 2% 5 (P<C0.05), * ; There is significant(P<C0.05) differences between test and control
group at one time.
B9 B79(A).B11(B)# B83(C) N H R REBMA Rt X
Fig.9 The cumulative mortality rate of immunized eels after challenged by B79 (A),B11(B) and B88(C)

T2 7 200 AR FLEE R R BUIE TR 5 BSA 4 R
POET- R TWRFH 3 RHHAREEESR
(P<C0.05),

I

AR 58 R T2 A TR T B A HIGR i 2 8 4R U
HH AR I T O AR A g A )
ML 290 30 5 P P SR Q8 i e R 005 e T T O PR T
AR o DT 0 G G 922 D e R 4888 i £ 92 I i Dt T 2

B AR AP AT T B 5E

A BE ST 2 W, 40 T B A AR AR (1 RE 5 L ik
S5EFAMAEAE — WA S 4 0l
WAL HE S T R 5 R 5 I B ROR) LG VR R A
VBRI e B A . AT 5 XI5 S A 180 0 T YA 6 ik
W B T 5 e AR — e a5 RN RIS
F3.5.7 509 hoxd H 8 09 Rk T B,
B E AD 000 N 0.3,0.6 88 0.8 B R A B m H G
2R,
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TRESGEE 7 N 14 K, AN (A ALY 4 i 4n i i
fEIKF- 341 F BSA 41, H 22 5 R 3, X il fig 51k
0 5 B A A i) 2 S 4 KA 56T

oAb FR T A ST A IR A 1 41 RT BSA 2 65 fig
M CE7A) FE CE 7B) LB (R 7C) F00KS
(P 7D) i 5 TR i 6 MR R O R 25 . AR
R A2 R BSA 0B T HAL W 5T R H 9 PBS, 7]
A, X B 4R 45 i 9 [OOR 58 2 1 5 BSA ¥ 571R
B BT A0 A 0 TR T e T AR B
TG AR R 55 S50, WA A 90 485 2R 55 JF At Xof BECZH K o 4
W IE 45 RAFAERE K 22 F L1000 0 S 0h
TR TG 195 1 A 52 £ R (0 il BRECAR T R AS PR B IR B L pH
fH. 3 TR FEWHELZMERMEm S, X d ]
AE A A I 5 1 TR I S rh SR 25 SRR R A

SREE B 7,14 T 28 K, AN P40 i F 1
AMATEPESS =T BSA 4 (& 6), HAESS 7 KA 28
R F] B MK T (P<<0.05), A 1Y J2, f
JEHE 14 RIFR M B E LR RRE /R FiE—4
GrHT.

SR JE o 14 RIS 28 K, AN R A 41 (0 Fi ik
AN . (P<C0.05 5, P<<0.01) & T BSA 41, 5
EAMFZ o a5 5% — 5 R AW 5 48 H 1)
IR 1 AR TG TR 2 A A0 AR 11 L A R Y f g
JE

AR T IR g 2 G R T B8 3 S5 %o R el
A TG P RRE K A IR AR AT T 71.4 % F1 50.0%
(AR AT o e R4 28 6 B 33K 19 SIS AR AN {E AT 3
58 B3 Mg X 3R W O A [ TR JRE e Y HE T 7, X g K
AR 1 R R I S SR RO . A
F 5% e B, g K PRI TR 1Y A B R F ORI O
PRI 3R i AR TG TR K BB 43 1 AT TR R 4 T AP R R
AT — 2 A TR IR HG o ) o 3R Al o 1l A 1 e A
2 X ARHER

2 % x M
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Immunogenicity of outer membrane protein expressed

by gene engineering of Edwardsiella tarda

DUAN Lihua FENG Jianjun GUO Songlin CHEN Yihang RUAN Caizhang

Fisheries College of Jimei University/Engineering Research Center of
the Modern Industry Technology for Eel sMinistry of Education s Xiamen 361021,China

Abstract The expressed outer membrane protein (Omp,about 52 ku) of Edwardsiella tarda was
purified after the recombinant expression vector was constructed, transferred into E.coli BL21 and in-
duced.A total of 100 healthy Japanese eels (Anguilla japonica) was divided into 2 groups and intraper-
itoneally injected (i.p) with bovine serum albumin (BSA,0.5 mg/ml) and the outer membrane protein
(Omp,0.5 mg/mL), respectively. On 7,14 and 28 d post-vaccination, the blood, skin mucus, liver and
kidney of eels were collected to evaluate the lysozyme and complement activities, stimulation index and
specific antibody titers. The complement activities in the Omp group were extremely significantly
(P<C0.01) higher than that of the BSA group on 7 d.The specific antibody titers in the Omp group were
significantly (P<<0.05 or P<C0.01) higher than that of the BSA group on 14 d and 28 d.The lysozyme
activities and stimulation indexes showed no significant difference (P >>0.05) between two groups. The
relative percent survival (RPS) of Omp were 71.4% ,50.0% and 12.5% respectively after challenged by
E. tarda ,A. hydrophila or V. vulni ficus. These results suggested that the recombinant expressed Omp
could significantly improve the immune function and resistance of A. japonica against E. tarda.lt also had sig-
nificant cross protection against A. hydrophila ,but had weak cross protection against V. vulni ficus.

Keywords Anguilla japonica; Edwardsiella tarda; outer membrane protein; immunogenicity;

relative percent survival (RPS)
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