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BAMINE ZJ2003 PR A F sk iAIMNEE BRI

BEIR2, mIRGE?, B AR, Tl

g RiEMNGERE

A WL R EWE 2 TR RE 2 B, WL BUA 310027; 2. T 8T ST 5B Wi 73 315012: 3. #iTL

K BTk E 2 00T, W AN 3100290

WE: MINL AR BN FRE RN E AR S S —HREIEMINE (Vibrio parahaemolyticus) ZJ2003 H 5 % T B AL
AMEE A psuA AT pvuA I35 (GenBank 2% 5 : DQ141607. DQ141608) » & PCR ¥ i 2 W 25 K 15 5 BE 4R AT 1
G5 B B R % R B H A pET30a (+) F1. & IPTG I 2 RBRER L. RENEAZTOUARAKERFE. BRAKE
HAJRBEAN T EEETEE G LL 100 pg /ERIFIE SRR EE, 4 GG RN HERE 80% KL kRkiPE. £K

ENE A dr e 0], N TR AE iR AR S AT LR B M EAE L. F5
[H B K PERF#,2007,14 4D : 563 — 569 ]

TR B T REAE D U AR

KBERE: B MINE  SAAMEE s T Rk B RN
PESES 941 XRARINAD: A

BV MK (Vibrio parahaemolyticus) &5 2L
2 M IE K IR S A IR 8 32 B0 B, R
ZALSE A F B DS 2R RS X ik
T B R AT B T CF T 98 fse iR 2,
BRA K ZE R SR T L m 2 . MRS
A 188 48 B8 A (Tron-regulated outer mem-
brane proteins: IROMPs) J& — i 7£ 44 &b £k 7t 3% R il
BRI FEREEN AN REINEE D, 2R R
TR AR SR B Ly, X AT AR TS P AR
YLBIRASL R ) B RIS S R AEAN T BB A AR s T
I IROMPs 111 th & 2 5 HLAR OR3P S 2 1 B 22
BAy , O AR B0 3 20 I T T W 3 T SR A R
) e 8 D T e 2 (R 4 A PR« A 2 RN A mT A
FIHR =W KBS (Escherichia coli) TROMPs
474 67 39 1% T TIROMPs (10470 10365 4 3 2 K
H T DAAR ™ A T2 08 51 % 0 W e Y o ek
MW (Aeromonas salmonicida) TEAR W RS FRIT GE W% 1~
L HFf IROMPs, 3173784 76 kD B9 L8R 4T 38 %
1R 85 kD M3k Btk 32 4 5 15 81, IF HEH % IROMPs
RIFAE SR MR A5 O, ST RIS Mk, th e
fRI& T ZH IROMPs, H: 1 psuA A1 pvuA 73 il 2 —Ff
i AN B R PR R AR B B 7 AR I Bk A
BRERBSZAED, ST EL N 75 kD A 78 kD, 2

Y5 H #3:2006 — 09— 04; 1£1T H#3:2007 — 01— 04.
EEWMBE LA R TEAEBIE 2005C23082).

SHRERZPMRIANEER R R R

X EHS:1005 - 8737 — (200704 — 0563 — 07

FHER R RSEREEA RS2 KRS
TR LW F IROMPs % K 3 8 (Pseudosciaena cro-
cea) FGTE IR M, LUK F A S (R ER 1S AR B

1 MR57F%

1.1 ##

1.1.1 HEES. RRMFT AT IR ER AT
TAEZ LEMEFERNEARATSE, il
ZJ2003 k. JREAZFKIE R pET 30a (+) 24 Novagen
AT PR, RIEEME E. coli Bly (DE3) FE, A K
SR EARAT

1.1.2 SFEIMZERT Tagplus DNA & 5.
PR N VDB T DNA B85 5 Takara A5 2R
AFEBEE, N, N — Rz <5 0e 5 B AE T
AV TREARA R BT A EF HRP bRt 30
% IgG MBIt A EEDHARFTRAF, Rt KHE
i IgM EREMIE W ALK = A%,

1.2 A%

1.2.1 #HANREENERERTE BRI GenBank
R 3R B LI o M R AR R DR AL 9 R R SR
5 BAD00032) , #£ 2 #h B (155 K ¥ ORF W ) 4 31 %
RS9, PCR F= 4 44k )5 I /3, BLASTN Lt
X B 7 Shy R I ) PR Rk TR A IR R g R A

EER N BZHE 1973 -0, &, TR, I £, B8 77 17 h 8895 & % % . E-mail: zhijuanmao@tom. com
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% 3 GenBank, psuA 1 pvuA J75115 73 4 DQ141607
A1 DQ141608 WLHR AR Bon) . Bk 2
FhAMEE E, DL SingalP A TG 5 IK)F41, 55 &
MHE S KR iS5 ORF 41L& 1755t E
T4, psuA EIFEIHIh pl 5 OGGGATOCTCA-
GAAGAGACAAACTCAAQCC 3', Ti5I# 8 p2 5
ACGCTCGAGCTAGAACTGGTATCCGTAGCTA 375
pwA U 51 ¥ 4 p3 57 TAGAATTCGCTCCT-
GOCGCAAAAAACGAAA 3', T U5 ¥k p4 5
TAGAATTCGCTOCTGOOGCAAAAAACGAAA 3, 41
BITE 5 v 0 LBV 07 5 BamHI ~ Xho 1 A1 EcoR
I Xho I fxi. PCRIEMZH N H1UGME 94 T
5 min, EIEE 94 T 30 s, P FE DR BV IR ki ) 43
A 53.6 T H1 52.4 C, 3B KINFE 30 5572 C LA
140 s, 30 MG PEPH 25 R )5 4R 22 11 8 min.
1.2.2 FRIEFHEHE  HAHNE S 5 X
PCR /“# 1 pET30a (+) 44, B Jig i e vk (2] 0 B
VIr=4), #8h 5 B BRIt & 1:3 1 Bl 2
SO AR RN, T W) i AL CaCly ¥ & 1 BLy
(DEz) /&2 A4 - 2 HUPH 1% 50 (% 3 09 ok, b AT
KB4 78 J5 A8 % A A 7] (Invitrogen Cos Ltd.)
AT F R T -

1.2.3 MREB BL, DEy) MIREM&L 2
e B AR A R R FR (50 pg /mL) B LB
RS AP FEE ODEAN 0.5~0.6, MA
IPTG £ 1.0 mmol /L, 37 T 5 F&i% 6 h,
B EEE R, NN 5 X EREZE PP 100 T & W
5 min, #1T SDS-PAGE. EH A E A AL #%
W AT, B 5 LA 8 mol L IR R R 5 LABR
ENTERAT EEARE . DL SDS-PAGE il 5 4
HEM AR WEENWE OB L
PEG6000 iR 45, 22 58 Ah ikl 2 B R B 5, DA
0.01 mol /L FITEER £ 22 M (pH 7.4, PBS) i % Z|
0.5 mg /mL, —80 CR{E-

1.2.4 KREEMRRANE FHUHREN150g
(A R R BB BT A SIS SR A, (EE A
KM BmX1.6 mX2m) RWAEFH 1 HEHTHR
R E . WIR TR AT eI 5 B A R, 1 B
PEXT IR 30 4 3 40, 4 O KOS A BB AR i A
(0.5% #5 7K S5 #R K 55 (19 2 W % B formalin-killed-
whole cells, FKC &% 1.0 % 10° cfu/mL) . 5= E
HAMNEE R EY 0.5 mg /mL) 5 4 F10 A,
B 40 B, DI S0 B S 0.2 mL Bt

JE, St JZH DA 5 A 7] 751 22 79 KO8 PBS.  LAYVD 38
IKFSE SR, B H 50 & B0 — kg K N ROk T
KL BHE N 8% , B H W5 K — k. GIEE I 4
FljE, A% 10 BT LE AR, 8859 HiE
550.2mL 1.0 X108 cfu L FI¥EE R, WEE 2 JH,
LR HB R AT MG, ZFET R, i E R
5% R # (Relative percent survival, RPS) ; X ALT- 1
HAT TC RS R SR 40 8, LA B A0 T I |
SRR, . R TR P bR R T A R 0 A
I TR B G P A S A TE AL LT, — 80 T R
17, WRIRHAE KIE G B 2R KIE, JuE b 20~24 T -
1.2.5 GRZFEEHH  LUE LT, difh i E
Y185 [ 22 SDS-PAGE J& DL # V5 # # 51 0.45 pm
RN IR 4T 4 R L, J5 5 i DL e A7 V5 pT i v
(1:50 F&%%) \1:500 FREf RPTA T A [gM BN
1E1:1 000 F B0 HRP AR i B E P05 IgG T =R
IE, &5 L. TMB Rl B 6. REE 7K
B0 SR S SRR, DURH R 0 5 LR R

2 ZERE5SH

2.1 BRIFSNEEBR PCR ®EMFEZRIEZERK
pET30a-IROMP 33

LB 5 B2 B ) B 5K ZJ2003 B #E 1 DNA
AR, LA R 5| #3647 PCR, 1% 3 52 % 2 W At B
A A AR g is 2 (B 1 -2 K HER
SR FEEE] pET 30a (+) HAKE BamH I 1 Xho
I X EcoRIH Xnhol BEVIAL i, BH M 5 3 4 B
KBTI 2, mRIVTHE AN KN R B (E 1
- MFLRER, AT BKES 01 962 bp
F12 028 bps 4 BLASTN bt} , 5 EI% 1911 RIMD
2210633 AH . H [l {1 [ YR P35 15 21 98%
2.2 EBHBAMNEREEBIFREFGL

E.coli Bl (DE) BmHREEHKZ 1 mmol /L
IPTG 55% 1A 6 h, H 2K H 0% SDS-PAGE 5 &
i AR TE R NE 2 - a W0 EH psuA F
pvuA 73T &5k 77.94 kD F1 80.77 kD, A H
R HIL T I B T =40 80 kD 9 A 4%
i, 5 I BN A AR, AL T pET30a
JR UGB AR 6 R B AR W E PRI % . RIA W BB E
BB RN, H W E AEPIES, R EAEG
DEmAEARE., EHRNERAEASIRREA
)5, FRIFEL S — I B 4%, AL 2 7E 859% LA [
E2-p.
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bp

3000
2000
1200
1031
700

500
400

a

bp 3 2 1 M

b

1 psuA Tl pvuA [ PCR %% @ FEZFRE A pET30a-IROMP 113 b
M: BB 5 F EFr#E ;s a: 1, psuA; 2> pvuAs 3, FATEST & s b: 1, pET30a; 2> pET30a-psuA; 3, pET30a-pvuA
Fig.1 PCR amplifying of mature peptide coding sequence of psuA and pvuA (@) and enzyme digestion of recombi-

nant vector pET30a-IROMP (b

M: marker; a: 1, psuA: 2, pvuA; 3, negative control; b: 1, pET30a; 2, pET30a-psuA; 3, pET30a-pvuA

kD

116

a

kD
116

64

45

35

25

b

2 BEAEOMNTESRIE @ LEERENAL O
M: EE 85T EHriE: a: 1, psuAs 2, pvuA: 3, 57 B8 be 1, psuA ELIR1E; 2, AL A0 B4 psuA: 3, pvuA BLIRAA: 4, AAL I E A pyuA
Fig.2 Expression and purification of the recombinant IROMP
M: protein marker: a: 1, psuA; 2, pvuA; 3, control; b: 1, fusion body of psuA: 2 purified recombinant psuA: 3 fusion

body of pvuA: 4, purified recombinant pvuA

2.3 EHBIBNMNEEENAEZEMRERPE
(RPS

ANLB G R RE AR HLE 3. K
o5 14 RN E A B MR & B A2 3 R
R T 209% 1 10 % HIFE T, T A ik 4
FAEERIG 7 RN EIET; 100 pg V2 M H P
FHEALE A B & ) B KB IRAT T 80% i 4
R, MK T 2R ER%EH GG D.

2.4 WESEEENEMNEHGEIRIMNEEGRIRR

ZA) L A E A psuA T pvuA 7E SDS-
PAGE Ja ## %] NC £ L., Ll Western blot MR &
G s X SL R B A R B oL, 45 REW H
R B R E & BT — 4% O R, T 9 X
FRUIE AR ) H AT A 4% 5 (] 4D, 2% B R 1T 5k
BAE BB S AE R AR AT P AR R Ok R R
IROMPs HIHT4%
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100 ". *—hk———hk—&
90 l
80
z |
<5 70 l
~
§ g 60 |
52 50 |— —e— [ROMPs /
;@é 40— —m—rre
S3O_+Contxﬂfééﬂl
20 —r——0—¢
10
1 2 3 4 5 6 7 8 9 1011 12 13 14
S fm RAud
Days post challenge

3 ALBGEEE 14 RAARE R LT E
Fig.3 Cumulative mortality of the challenged fish in 14
days

kD

M 1 2 3 4
119.0 ' ]
79.0
46.0
31.0 .
24.0
19.0 |

4 BRYAFEE IS EAE A IR
M, TR E A 5> F BARHE: 15 psuAs 2, pvuAs 3> psuA BATEXT
& 4, pyuA FATEX R
Fig.4 Western blot analysis of the recambinant proteins
with antisera from survived fish after artificial challenge

M; prestained protein marker; 1, psuA: 2, pvuA; 3 negative
control of psuA:4negative control of pvuA

F1 BEMINE 2)2003 ATHEXREER 14d NRBEMRITXTEMNRERIPE RPS)
Tab.1 Cumulative percent mortality and RPS of vaccinated large yellow croaker (Pseudosciaena crocea)

following intraperitoneal challenge with V. parahaemolyticus ZJ2003

el AL /R 14 RN BT /B Cumulative mortality in fourteen days post challenge (pes)  FET-% /o R
Group Sample 1d 2d 3d 4d 5d 6d 7d 8d 9d 10d 11d 12d 13d 14d Mortality RPS/%
IROMP 10 0 0 0 0 0 0 0 1 2 2 2 2 2 2 20 80
FKC 10 0 0 0 1 1 1 1 1 1 1 1 1 1 1 10 90
papitce
i 10 0 0 0 1 1 2 10 10 10 10 10 10 10 10 100 —
Control
3 W MRS ARG EZHEENS AR TM-15), X TR
I TE

3.1 HiAMNERBMIIGE

B 2 M w AT TRE R A . TE1E F 48
PR R AR D, R ST R R A & R AP
TRE, AR E ORI ERE A, Bl 5 ki R e
G, RIRB AT RE B MR R G L
FHAAAN IR T Z H s B s B A8 gk
FUAR A B R T 2 AR | B, BB A E R B
IROMPs FT /15 (14854 Fl ik R 402 B it 7 &
Z—F. EINES, EGLINE (V. cholerae) 7=
A IUE R ANE IROMPs, X 1% W A2 44 N 1 4
T M e B A% O 4 A U8) L R T i ROk
G B (1 B Bk AR 08 I 1R 3R 5 2 ARSI B 1 OM2 41 R

VI KT, CRIE B9 )L 22 IROMPs 4 8 % I 5%
BRAG AL, H S EE AP RE W0 TR
4 78 kD AN 83 kD AP, 43 1) Ay 8 Bk AR I 1R Bk 3R
AN Bk M 21 3 A 52 44, b 78 kD M 918 Bk 3% 32 4
TAMGHEEF SR, 440 pvuA, HER
BE— psuA F PR, g A — il i AN T 22 90 ) 380 Bk 1 10
ZREA, HETF T EAN 75 kD, PR B0 Bl
1 TR 35 B E A H AR A — Bl R B A
F) 5 A8 45 7 L5 R TR (1) AR R 1012
3.2 HEMNRERMGERIERNYE

IROMPs (K} 2 5 5 Bk 2 40 1) 22 4 BTy R A
FIKAE MM AIEE L B A 5 oL, A H B AR b ple o
RaE R RIUR. 5T IROMPs [ R 577
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FFELRE, fE R 18 R EE TR 2R
(KWW (Pastewrella multocida )~ 1 FE V0 1] K W
(Salmonella typhi) T 1 & 58 %5 325 [ B (Neisseria
meningitidis) 55 JL B FEse 7o 16-18] 4%
PEEZE 2 RN R EERER — MR
IROMP; H. H. 57, (9 47 44 AT BH I 122 7 4 8k B0 S5 B,
AN B T R 2 T A BT o e 19— 200 T DL A
W, 2 7 4 IROMPs ¥R 1 R 37 4 G0 75 EL A AR AL
(B B, R S PR A BELIBY 17 28 Bk 1 AR I 28
ZAEN FHIBREE I L, AT R W T A B A AT
TE FH -

AU 5T 50 [ T L K A ) B R 1 P
IROMPs, S Dhidt A7 T iz ik, 2t thaib /3
B EAE O X R B AT VRS, 4 A R R
T 80% BRI #, A AHAR T K0 42 TR P S e AL, Ui
B2 HE 4 IROMPs TE 5T 6 5 Ja K3 77 4 T KA
B B e N 25 5 B8 ORI B e TR e fp e DR 45 IR
BoR, BRI IS R A X R AN EE A, s T
i L K T £ AR P A A R T I 3R KO P b R
H, IF Hflors 3 s R4 =4 TN bUA. &
FRH B — 2, BARTUAR B0 3 LR — R EHER
A RN RRE T — e MR 1 G RARE
B3 BoR) B A SRR R ASHIE 5T R R I g
1T —EA E AR s R S, B DL )
PR AN B 0 B ORI 2 B DU s AN i, A AT
ROLWH Bor T A E S RA I8 % %R
P, 2 B 90 0 AR BT . S AN, AR
o G e TR SO FF A 2 AR 5, X AT BEERVE ST Gt
FR oM. 4 B V) D o 0 LA SR 2R, TR O A 3 L LA 2 A
TR T TR P R R AT Y, S I ) TV A K —
B WFHRM], SR PR B ™ A 7 2 — e W I [A]
R, 28 582 it 5 RIBUR R AR 2 AN A4 b
BRI, DU TR & T — A8 T &
IRE, 7E 4 J R I B R v RS e 2 - 28,

3.3 HKIAMNEEBEREEBMD A A EEHE

AT, F T 7K™ 75 58 5 49 40 TR B0 % B
HATIIR R KGR B, A AE T 2 AN 2 Ak, An e ET R
il 7 LA & B AR AT B, S s 8 FH I B B R AN
L TE ST AL 2 IR JE B Bl S 5. E NEATE
B R RN, RO REEZ 2R
Hm A e RCR AR 0 SV B e P RRR [N AR S
U 2 R T 5O SR A 5 B D AT R B S
BRI GRR B BSE. H AT sh 2 i BRI AN A R

L IE R ST M HEAT . FB o SR B AR R B AR A
(] L 75 PR o ) R S35, SR e SR M, AR AT REATE
Oy 7 B P B B DS B AR B o BT AN BT 9
FH], psuA Al pvuA 7 AN (7] SRR ) B 35 1 9 2> 25
Reb B — 5 (s 4 U A 70 45 4 P e T4 2R
AR R ARG T RIFR R ZCR, IESE T RIS
I T APk Bk R S0 IR B psuA AT pvuA BE 5 35K
BRI, BA R R G SR wT LS,
PR RV A RO M E . P T
VR rb A LT F 22 T L 7R 20 B R i P e R Y
TR R E AL S BN AN R R IR SR 1 (R 3
ST, IR R T 2
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Cloning; expression and immunogenicity analysis of two iron-regulated outer mem-
brane proteins of Vibrio parahaemolyticus 7J2003

MAO Zhi-juan'"?; YOU Zhen-qiang>» WEI Yong-wei® YU Lian’®

(1. College of Biomedical Engineering and Instrument Science, Zhejiang University, Hangzhou 310027, China: 2.Ningbo Oceanogra-
phy and Fishery Institute; Ningbo 315012, China; 3.Institute of preventive veterinary medicine, Zhejiang University, Hangzhou
310029, China)

Abstract: In the coastal provinces of eastern China, V. parahaemolyticus was one of the causative agents of
vibriosis that endangered the aquaculture of large yellow croaker (Pseudosciaena crocea? > and no effective
therapy was found. To throw some light for vaccine development against this pathogen: more information on
protective antigens of the bacteria must be explored. Outer membrane proteins have been proved to be
strong immunogenic in many gram-negative bacteria however; little is known about this pathogen. In this
study> genes encoding two iron-regulated outer membrane proteins of Vibrio parahaemolyticus ZJ2003,
which was isolated from diseased large yellow croaker net-cage cultured in Xiangshan Bay: Zhejiang
Province: were cloned and inserted into prokaryotic expression vector pET30a (+ . The recombinant vectors
were transfered into Escherichia coli BL21 (DE3) and expression of the recombinant proteins was induced
by addition of 1 mmol /L IPTG to the exponential phase culture and continued shaking the bacteria for 6 h
at 37 C . The recombinant proteins were over expressed in insolvable fusion bodies and were preliminary pu-
rified by urea method. Fourty large yellow croaker were individually immunized with 100 pg of the mixture
of the recombinant proteins by intraperitoneal injection, while the positive control group were injected with
0.2 mL of formalin killed cells of the bacteria with the concentration of 10° cfu/mL;and the negative con-
trol was treated with the same volume of sterile PBS. Four weeks after vaccination, ten fish in each group
were artificially challenged by intraperitoneal injection with live bacteria and the mortality was recorded in
the following 14 d. Relative percent survival rate of the tested group reached 80% . Immunoblotting results
showed that both of the recombinant proteins were recognized by antisera from survival fish. It is suggested
that the recombinant proteins were immunogenic, and the two iron-regulated outer membrane proteins were
expressed during in vivo infection and elicited protective immunity in the fish. PvuA and psuA are important
IROMPs of V. parahaemolyticus » which acts as outer membrane receptor for the native siderophore vibrio-
ferrin and a siderophore of unknown origin; respectively. Both of these proteins are essential elements of iron
uptake systems of the bacteria, mutation of either of the genes resulted with impairment of the bacteria
growth. Antibody against the IROMPs may block the transportation of siderophore iron complex and thus
damage the survival and propagation of the bacteria. Since strong immunogenicity has been demonstrated by
our study these proteins should be given enough attention for their potential of vaccine components. [Jour-
nal of Fishery Sciences of China,2007,14 4): 563 — 569 ]

Key words: Vibrio parahaemolyticus ; iron-regulated outer membrane proteins; cloning; expression; immuno-

genicity
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