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[FBE] M LR B 7 54 88 o 4> 85 W 80 15 9K T8 (Vibrio vulnificus) F1 W K S ¥ T (Aeromona
shydrophila) , $EBUCHILRZ] DNA, Fid PCR ¥ S REAI 9N B SR 1 OmpU F1RE 7K A5 1 S0 B2 1
Ompll fFER 2K, RITEAS PCR IEAIMNETEX 2 AN FEF R A BES R BEE P 50 IF o i i T BRIk sk ik
(pGEX = 2T - Vibr — Aero - his) , FERAFFE (BL21) BB A 0.6 ~ 1.0 B, R 1.0 mmol/L IPTG
WA, 16 CHRBERRIL, BATYRBEOHEMZENAETSS TR0 82.2 ku MAMEEH, HA
ZeENTE LG S T OB LI En E PR . A5 R, EEA AR i A A 6 i S B AN A R
JEEE 14 KAEE 21 REZE (P < 0.05) & T PBS XFARZ, 55 28 KA 42 KikEIN B (P < 0.01) /K,

[ &R ] BN, REZMIERE; OmpU; Ompll ; Fik/F=¥),; FIEFEME
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Abstract: In this study, template DNAs were extracted from pathogenic Vibrio vulnificus and Aeromonas
hydrophila isolated from diseased eels and confirmed by challenge experiment. According to gene sequences
coding the protein Omp in GenBank database, two pairs of primers were designed respectively and the whole
gene fragments of Ompll of A. hydrophila and OmpU of V. vulnificus were amplified by PCR. Two gene frag-
ments, encoding the out part of the membrane region of OmpU and Ompll respectively, were successfully ob-
tained and the recombinant expression vector ( pGEX —2T - Vibr — Aero — his) was combined by fusion PCR.
Expression of the bivalent Omp was induced over night by 1. 0 mmol/L IPTG at 16 °C when the concentration
of 600 nm optical density of the bacteria was 0. 6 — 1.0, and the expressed protein with the molecular weight
of 82.2 ku was obtained and purified by HisPur Ni — NTA Resin and Kits. Eels were immunized with the bi-
valent OMP after purified and renatured by dialysis to determine the antibody titer. Compared with eels in
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PBS group, the serum titers of anti-V. vulnificus and A. hydrophila antibody in eels of Omp group, showed sig-
nificant (P < 0.05) increase on 14 d and 21 d, and the different between the two groups reached very signifi-
cant levels (P < 0.01) on 28 d and 42 d. The study laid a foundation for the vaccine research and applica-
tionin aquaculture of the bivalent outer membrane protein.

Keywords: Vibrio vulnificus; Aeromonas hydrophila; ompU; ompll ; expression; immunogenicity
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FRAEBBER N H A AR R A T M g | B, (BB AR S 5 HOR & T e, MK AT
(Aeromona shydrophila) FWRWHIREE (Vibrio vninificus) J&5 | EEFRFE BN fR Y 2 B 3200 R E, AN TR0
(o HAS U AISE SRS T LS R IR . A, e | B2 RS s e e bipians . k¥
2 A R AR A — B B TR RQRY T S8k g RS AP, B TIPSR N, 80 itk
PO 2 e 2inidi s PR VR 2 4T SR R B 20O 2 K P L, B4k, & T
WK SRR PR B I 4 P ST B 8 P AT 28 R il RRIRRE R s R, T BRI I
BN TN RERRDRGX 2 TS A S G MIRIRE , 24 ik, R DG 7K S I B AN B A5 I B Ik A M2
R DL SGRIR T W B i PERAR OCHGE . 1 2002 4E LR, ACIRE0 = 420 2] 87 FREG M iR, Z8/:1bA
ST SR A R AR A5 B Ry SR TR SR Y - BT, AR SO S R RS K A T
HMERIITRFLE T (Ompll) AEIUIREAMEE I U (OmpU) AYZER 4K, BEBCH] B R 450
AN IR P R B, SR ARG PCR YA 2 DR BoE G - TR G 3R08, HFRIA ) i
U e I 2 RS S UK, DURERIFY Hh [R]AIRIX 2 ol Jt PR Y — IR P2 1

1 M#¥57E
L1 EtkRS R

I FRFEL A4 o 8 i 73 28 FR R I ARG /K BRI, 28 16S rRNA JF 51 3 7 F11 Biolog T8 %5 R 4¢
Y BIF . KIGAT I Escherichia coli JM109 Fl E. coli BL21 (DE3) T TaKaRa /AW, #ik#kik
(pGEX -2T - His) £ Rk pGEX - 2T Bk i A His #4553 Gst Fl His 345 (4916 bp), &
EcoR 1 Fll BamH 1 FHFUIM &, H Amp Btk
1.2 ZEEEA DNA BIFZE

QI3RS g K M RN T35 0.5% (80 SALINEY LB RIS JR 3k rp 28 C 1557
16 h, WCEERASE FHRAR A AR A PR w0 & S BUEE R 4 DA, BARHRAE 2 BRG] 3,
FEIUHY DNA 282 1%  (JifE o388 SOleh e ok I e 014 s i e 8 50 ng/ul, % H
1.3 ERRBREFESYE

FEAR G 2 B 24238 22 B9 OmpU  ( GenBank accession number: KY072957) #l Ompll ( GenBankac-
cession number; KC297682) JE[H 4K Ay B AR X35k, 43l £ $% 657 bp (307 bp—963 bp) 15 843 bp
(238 bp—1080 bp) FEATH

P44 OmpU A BEH BG4 P1: 5~CCGGAATTCtacgcaggtctaggeggeaagt—3' 5| AT EcoR 1 i 555
P2. 5-ACCCGAGCCACCACCGCCCGAGCCTATACGagegtagecageacegecaact-3"5| AT 21 bp #EEF] (A
%) 9 bp MR R (RHE) . P78 Ompll He K A Be T 51 P3: 5'-TCGGGCGGTGGCG-
GCTCGGGTGGCGGAT CAtceggtategecaagactgaatg=3' 51 A T 21 bp 5 P2 (19 5 i B AN T H] (FH5%)
9 bp AR PERR L (AHA); P4, 5-CCGGAATTCctggatctigtacteggtgtagee—3' 5| AT BamH 1 v i,

AySHILLPL, P2 M1 P3 . P4 514 1 OmpU H1 Ompll BYZE B, #7848 &40 F . 10 x Pfu Buff-
er; MgSO, 2.5 uL; dNTP Mix (10 mmol/L) 0.5 wL; P1 #% P3 (10 mmol/L) 0.4 pL; P2 af P4
(10 mmol/L)0. 4 pL; B DNA (50 ng/wL) 1.3 pL; Pfu DNA Polymerase 0.4 wL; #84li/K#b & &
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25 pL, PCR KW Z&AFHT PCR P SO 22 3Gk (8] #E4 T,
1.4 Fh&E PCR EEEERE

55— PCR: 5[ 1.3, 52.8 CiR k40 s, THHF 13 Y, RNAKRZ L OmpU I Ompll 5 P [T i
B4 125 ng AR,

85— PCR RN SAEEISE—28, SR Z Y Pfu Buffer . dNTP 1 Pfu fi[E55—2, HUH—F PCR
7815 WL oA DNA Bk, P1 (10 mmol) 1 wL, P4 (10 mmol/L) 0.5 pL, H4KAME 25 L,

HUR 251 PCR P48 1% BN bi e Uk 2 = 5 oy 18, e lnlliealifh, £ H.
1.5 BAREHEHWE

R BURIERAZ AN A #4575 (CaClik) S HESCHK [9], FURLAIIE P % 42 7 1 10 SRR D) 2% 4 .
Gkl (pGEX —2T —His) 1 ul (£90.5 pg) sFEREEZL =Y 8 ul (£0.5 pg), 10 x BamHIZE Wi 2
pL, BamHI 1 pL, EcoRI1 pL, MI#E4EKZ 20 pl, #REAIFFRE.C, PCRAYHA 37 CHEE S h, 80 C
20 min BRI, BEVIF=P0E O e B R, 4 RONARR (20 pl) MRS % 0k [8].
1.6 TH¥% PCR, XUEEYIFNNF % i i F0 46 76 B8 40 FR AL

MBEFRAFAYE Amp BUHER) LB J5 3R I, A ZEREHLPkIE 10 g E T8 300 pl LB iRR:
FHE (ANEERLTREIRE R 80 ng/mL) MELLE T, 37 C 280 v/min $£IRETFE 80 min J&5 73 Lk
10 B W DNA Bitl, S50k [8] MY LY MR 1B 3L 41, $ HBH 0 2 4 ok LA
BamH 1 1 EcoR 1 #ATXUGY), #a %A JOREER R BeAfi A o BoRLa i) 776 1.5, 188 Amp Ak F
FIBAPEE T, FIHFIBEUAR pGEX - 2T - his {938 H 5 1 P00 F 4+ rh s B RGE R BEA 77 5 08,
1.7 MEEBEAFHRIESRERAWEE

FEE A EATOR BL21 RS & T AR SR A th a5 5%, SR AR BG 37 24 R Kb
T, BIOCTE Ay 0.6 ~ 1.0 RHAAE SHINEE - 8 - D - AL EFLIEH (IPTG) 125 ul,
fEBE TPTG & JE M 1.0 mmol/L, 180 r/min, 16 CHEIKIF PR G EGE S HEAR S H, KB~
MEFEDEIR S min (90 W fFE 1 s, #53 s), BUITE, I FIEL] 2 W PE T SDS - PAGE HLUKAS I,
GRS & N7 L (O
1.8 RIEFEAMAGKESEH

B AR AR 2l AL A 0 AT A B, AR ERE RN . BURGE AT A T ) 500 mL B, 4 C
5000 r/minE.0> 10 min, POIE TG KEK P ESE:, FZRAHEEL 1R, DERBEE 50 mL 5048 5N
A 40 mL ZZ (£ 2 mol/L JRZE) | 400 L AH ELAEIBEF (PMSF) %W (1.74 ¢ PMSF JILA100 mL5
i) KIS BRE AR 5 ming 4 °C . 10 000 t/min B CBEREE B, B0 5 min J5BURITTE, BUE
HHEET 4 °C, 10000 r/min B.OIFBIHE, A2 ITTTET PBS WP R, 4 °C . 10 000 r/min&.0>
VRRERW, 5 min JFHWLE, EIUETINA 6 mL SIS ML G (JRZ480.48 ¢, WiRINT.6 ¢, &
fB8129.22 ¢ BRI 1.36 ¢, HH 100 mL, BGEKEAZE 1000 mL, P87 pH £ 7.44) HEEE; 4 C,
205 min (20 000 v/min) , FIEFERBEUEREL 1R, &I3F2 W LETEM (PureCube Ni — NTA
Agarose, 10 mL) #i7EALL (FAELBESHZ VA, dfbEAGRTE &,
1.9 SEBEIMNEEARMNFNHESHNE

R B A 0. 01 mol/L PBS (pH 7.2) FilEN 1 mg/ml, HUE 545 31 [CA5E 4
R R G, [FIRFRE PBS 4P IEd] . BUR G sk PBS X3 R 6 fmfE i 145 0. 2 mL, FHHEH
7, 14, 28, 42 RERAUREES6 S 2, WiRBUM, MKERHE 1 h, 4 CHEEDR, 3000 r/min &0
10 min JFHUMYE, FHE$E ELISA ¥R %2 2 M35 Doz m, R ks Bk [9-10],
1.10 #HBPHITSHHH

IRIGZE K SPSS 13. 0 #AFUEAT 001 (Anova), [ABFRAZE L (Duncan 3%, XUE)
WE A W M 45 R R 3ME + AriE2EROR G A origin 8. 0 FAAEA
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2 $#HR
2.1 EERERYIBS&EE

B R B 1 5 B K T 45 R (UL 1) KB OmpU F Ompll B H R IB RS2
JRAIEH B B BIP 3G, P80 2B 1 09 P HI P 56 45 IE 8, 1% R 657 bp, JE#& K843 bp, 2
AL R B Wi G, S — PCR 7E2Y 1500 bp AbA 4547 (9 +657 +21 +843 +9 =1539 bp) ;
55 PCR 938 5 b A B R BEERE 25T, L= 28 e T S0l e 52 100 % B8, A 46323k 2
DI RAEN, 421K 1539 bp,

2.2 RIS EREEEEYNEEY]

FsalALIG FokE pGEX - 2TH — His F 1% SRS MEEERC B I . S5 SR R . B ali b R R (I
B2 JKiB 1) ; ZBRERH EcoR 1 Al BamH 1 WUE§Y] 5 & IRILFEA Ry B — %7 (W2 JkiB 2); —
RIEH R B S T 854 EcoR T F1 BamH 1 XUEEY), 345 A BV A 00 BOE HE =4 (WL E
2 VKIE 3) WEVIRCRR4F, 7 90al DU T H g w20 Bkt

M OmpU Ompll M Ist M  2nd M 1 M 2

kp
kp kp kp 1
¢00 kp
10.00 10.00 288 4.00
10.00 4.00 3.00
5.00 5.00 39 2.50
5.00 2.00 2.00
2:00 2.00 500 1.50 1.50
1.50 1.50 1.00 1.00
1.50 0.75
0.50
1.00 1.00 1.00 0.50 020
0.75 0.75 075 BT M—DNA marker; Ikt 1—FORL BEHUSE S5 vkt
0.50 0.50 2— Xl Y1) J5T A 3— Uik V) R 3% 42 7 )
' ’ 0.50 Notes : M—DNA marker;lane 1—the extracted plasmid;lanes 2 and
3—purified plasmid and combined gene digested by EcoR 1 and
0.10 0.10 0.10 BamH 1 respectively.

B2 RN EEEES Y NETIBIKER
1 PCR¥#EM2MERARRAGMERERKALER Fig.2 Agarose gel electrophoresis of the extracted plasmid

Fig.1 Agarose gel electrophoresis of PCR products of two gene and double digestion products of purified plasmid and two
fragments (OmpU and Ompll) and the combined DNA fragment gene combined fragments

2.3 BEHARNIERE

TEH 4 DRTEZ PCR %58, KILAEE
g RN B E &, A
1540 bp (WL 3, 1 -4), Fy B K ke
BT R g, aorae s O
HJFkL, 42 BamH 1 1 EcoR 1 XUEFVIZRIS  3.00
ARG 2 N4 (W3, 17 =47), 200
SAIRZ) 5 kb B9 pGEX - 2T - His AL AT | 5,
215 kb WEH T BE, LT T, EHE i M DNA marker; 1-4—4 4SBT 9 PCR 7410 k45

JF51 100 % 5 BUMAAARLT . 14! — T 414 kB XU DU 10 2 A 4
2.4 HHZEARZEFERBEZE Notes: M—DNA marker;1 ~4—agarose gel electrophoresis of PCR products of 4

colonies; 1’ —4" —four bands of the recombinant expression vector digested by

SDS - PAGE EE,?]]‘(%:{EU% , Eéﬁ B"J:ﬁ%%ﬂ EcoR I and BamH I .

B IR T AT T T R S Y B3 H% PCRE=YREIHIEMHR KR
DLoE (ﬂ@ 4 JKiE 3, 4) h , MAE LiEH Fig.3 Agarose gel electrophoresis of the colony PCR
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FAnAk, A5 QIR OmpU 5 MK TR Ompll SMBEER F I ik S HA) 8 S i ik -5

BAKIMEPIRAEN (R4 98 S), RPZ_REARRBIEAZ LRI,

2.5 BEREAREHEGHLSEN

il B I FERR VR B 43 10k 10, 25, 250 mmol/L £544 T ARAR 4lifk., H4 —IkRAl & MR 11 75 BT
ZERIRE, EARMERIEER T PBS AR R EVITCUIER . EIEZ SDS - PAGE HLKA IS
RIAES2. 2 kusb A —TF5 A AN (WK 5 TKIE 1), RUE ARG ARGk,

M 1 2 3 4 5
ku
116.0

66,2 e—

45.0

35.0 ————

25.0 =————j——

18.4
14.4

UL - M—25 11 5T marker; ¥KGE 1—A P55 (4 1 20 1 5 9K 38
2— 5T E 2 T 5 UK T 34—l I R 4 TR S R Gk
MPTTE PR IE 5— 8 7 B o 4L 5 S Rk I L .

Notes : M—protein marker;1—expression of recombinant BL21 with
no induction;2—expression of recombinant BL21 after induction;3—
4—expression of pellet of the ultrasonication sample;5—expression

of supernatants of the ultrasonication sample.
E 4 HHEBREMNXK SDS-PAGE k&R

Fig.4 SDS-PAGE electrophoresis analysis of different
expression form of the target protein

2.6 REBARERMENIS RERYE

B 22 IR F IR I RE S, AR 14 K
FRUGEL A T = T PBS AU beik (DL
6); 528 KA 42 K, FibH (MR E ST 4k
BE (P <0.01) @FXTHEA, X RIFLER K
BERBERPELS, R PR R K

3 Tt

2 AR AR A 3R DR 3 4 i B 2 LR N 1R
FRFNES AR 7 41, A B e 47 T 338 1Y) 22 RO 1
P s R G0, M B ik, 4K
R EJFE, ST 2 AAMEE RN R
SBEAMXIE 1 75 Bt (OmpU Al Omp T 43 51
657 bp 1687 bp) , S 1] e =235 W 1 S I
P RBFSR TR ROE R Sk , F Om-
pU - R #l Ompll - F 5|09 5" sm B84 i 1 — B
B EANT A, IR gt i AL RR S 51 (SP-

PPPSP) & & FWIMEGAE IR R (P) ARG &R

M 1 2 3 4

ku
4 ———

60ﬁ
45—'

27

\ '.

DL M—TE [ 7 marker; WGE 1— % #E 5 B9 — 62 M1 4
M LK 20— B P A AL R A G 34— T 41
BB,

Notes : M—protein marker; 1—band of the renaturated OMP;2—band
of the purified OMP;3-4—band of whole lysated cells of the recombi-
nant bacteria BL21.

5 EBH#4ULS5EM/EH SDS-PAGE ik R

Fig.5 SDS-PAGE electrophoresis analysis of the
purified and renaturated expression protein

121
[ 1PBS
0 Z RSN 12 Omp group

#ﬁ‘ %ﬁ‘ T(‘ FV
A DY) 28 )

-2° Yo P J5 K AL Days of post vaccination/d

6 . Log, i B /%, mean value + S.D,N=5;%* FI * 435l
Feo ) — I ] 20 (R AR AE AR 35 (P<0.01) AR 2 (P<
0.05)% 5 .

Notes: Each datum column represents the mean of log 2 antibody
titers with standard error bar, N=5;** and * indicate significant
differences at P<0.01 and P<0.05 between treatment groups and
PBS control group , respectively.

6 MEEAZBRE~YW(100ug /B)RER
14,21,28,42 X2 M1 /55 R EH A B ELISA 34
Fig.6 Antibody titers of vaccinated American eels
(Anguilla rostrata) on 14,21,28 and 42 days post vaccination

—_
N =)} o] o
1 L 1 I

L7 %M log, of serum titers
™o

]
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(S), MGy 255 2 BeAMIAE (I ABLIR R ALY 880G X g /K S S By 1T AU AL AR 1 R 28 2% Fl AR IR T
OmpS2 HMIEHE [ FE R 42 5 KR M AN (R4 T T s IR e o8, 45 R R i R A MR A 7
MR T 2 MM AR R AR T B AR G Ompll AN OmpU B9 B A
FIREMITHEAT T s GRaE, DI BB 2 R w UL JAL 1A ) — 3067 B 5 B P F S B8 T Skl

SR AN R E K AT i N AR Rk L2, EARRMHNEA S FE—BRNAE S ~100 ka Z
]2 Al A ek B A LR IR A A N, IR AR Rk AL B O AT 5 T
SRAWY  ARUGRI R Rl & 235804 (pGEX —2TH - His) & H IS 3h T M Lac #H TI3EH . SD
JP5, SD JPHl i GST AR, FlER 6 A His A5, WF 45 SRR IZE AT MK (17 T
AL, BHREAEARBNFMIXEAR ARG R R A WA TN, QIEFRRE . HFEE
Vo A A SR R R ek [15] BOBFSR SRR, W R B =AM IERIRE (16,
25,37 C), FEEAFREE LB ER, HERRAFTEAEAWITSIEZAIER, KA
FER 16 CHEATYE TR IL, MRIEARBUA Z /7 W BFFE 45 R R, 15550 IPTG Mk BE7E 0.25 ~
1. 00 mmol/LARAI ik, BEFMIAITE 3 ~9 h I XFRIKFFEIIAK, WHFMTEW Agy ,, £ 0.1 ~1.0 Z[A]
BIRemaRIk .,

HHE AWML ARG ET . B ACIRET . RRUZITSE, MoRAENT R A K2
] L — R AU A B s aifb i By, BAMRRAS | kst ISR e Fal B m A5l JCIHE
HTFAE AN A GST Al His FREEM4lifh " . His F328 i%SE 6 NMHEMR, & His &N EHE A
AT TR ERENT; GST Wit — & 211 DNEERNEH, HEEANY FRAE 26 ku £
4, ZEOAHAMH RGN, & GST brssny AL (1l 474 e H BRBR G B8 i S5 FZ AT (His
PREFIRMAINEZ R FREALE 1 ku) o ABFGUEFE B MEEMETHIMA CST 754, EHIMA His br
% GST AR B MUZHT R ARAAL P PERR [, TN His F5232 FUZHT AT T 07 v M AL R 25 11 09 4
fb, HTEHAEH (OMP - Vibrio — Edwa) FikR DM RAIE A 7E, JF HA%W His F3%5, Z A0SR
H B8 R RRZNT 258 AKTA purifier 100 SR £l40L F 40 8 (128 E 2% 117, A YR 56 (i FH A4t vh iy
SALE, MERT S5 His R MEHE AL G, Wol S5Rmses 4, Jsepkmeye ik st i 8 EH 5 B
R AT B B, e PR o, AT T,

ARG R FH IR 10 B /MIEER (S e B s, A T AT R, WIS T AN
M RE it 2SRRI, RIBM TIHRAMEE A 5 (56 14 KRS 21 K) BUMRKFuk i 3
(P <0.05) & PBS {441, Wil (5528 KA 42 K) MBI (P <0.01) 25, BilIFRE
(1) I AMIERE 1 HA B i e it BeAh, WFSTaS SR, PBS X HRZH i) S it 7 — S 2 14 LTS
oik (WL 6) , H T B I 0 A T 2 08 e 5 A Y 0 LT, A8 A T B AR AN IR R R AT 2 AT
Bk 2 BRI M, ASHIFFT S R Sk ) 475 9 B R IR 2% 2 £ A G A A IR AR 1
PN RET MG BEAE T JEA
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