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OmP26 1] G. parasuis-S. choleraesuis TEH IR, FHRTH AW SR PEA G5 BUR R I AT 7t . (45 R IPCR S5l 7 45
ILF W, AT g F L R R C501(pY A-GAPDH-OmP26), %Mk REFa e #5715 GAPDH Al OmP26 %A
B CR/ANG 79079 1020 F1 798 bp), FEZELRAEAR 100 R 3 Refa e 318 B br v B HAEKHTZR . ARt 5 s iR
B C501(pYA3493) —&. EAFFk C501(pYA-GAPDH-OmP26) %t S. choleraesuis C78-1 F G. parasuis 5 T35 7
¥k SHO165 R34 54 62.5% Fl1 50.0%, 1M C501(pYA3493) X S. choleraesuis C78-1 HI{#I A 50.0%, i
G. parasuis 5 FIBR IR SHO165 W ELRFTER . [£50 1EAW I TIKIE C501(pYA-GAPDH-OmP26) Refa e i 7
EEETR, B 5 o0 R B MR AR AT (1 A W R T BT R IE R, BE5 15 SHLAXS G. parasuis F1 S. choleraesuis
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Abstract: [Objective] The objective of this study was to construct a recombinant Salmonella choleraesuis
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evaluate its potential as a bivalent vaccine candidate, and provide a novel and efficacious solution for the
prevention of both G. parasuis and S. choleraesuis infections in swine populations. [Method] GAPDH and
OmP26, which are widely present in various serotypes of G. parasuis, were selected as exogenous antigens. A
recombinant strain of G. parasuis-S. choleraesuis, which was capable of expressing both the GAPDH and
OmP26, was constructed by using S. choleraesuis C5004asd deletion strain as vector. The biological
characteristic and immune effect of the recombinant strain were then investigated. [Result] Results of PCR
and Sanger-sequencing showed that we successfully constructed the recombinant strain C501 (pYA-GAPDH-
OmP26), which was able to stably harbor GAPDH and OmP26 (sizes of 1 020 and 798 bp, respectively) . The
target fragments were stably amplified from the strain in 100 consecutive passages, and the recombinant strain
was consistent with the parent strain C501(pY A3493) in terms of growth curves and biochemical characteristics.
The recombinant strain C501 (pYA-GAPDH-OmP26) showed 62.5% and 50.0% protection rates against S.
choleraesuis C78-1 and G. parasuis type 5 strong strain SH0165, respectively, while C501 (pYA3493) showed
50.0% protection rate against S. choleraesuis C78-1 and no protection effect against G. parasuis type 5 strong
strain SHO165. [ Conclusion] The recombinant S. choleraesuis C501 (pY A-GAPDH-OmP26) can stably carry
heterologous genes. Compared with the parent strain, the recombinant strain has similar biological and good
expression characteristics, can induce the organism’s combined immune response against G. parasuis and S.
choleraesuis. The study lays the foundation for the development of the bivalent genetically engineered vaccine

for G. parasuis and S. choleraesuis.

Key words: Pig; Glaesserella parasuis; Salmonella choleraesuis; C5004asd deletion strain; GAPDH; OmP26
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FE S B9 A HH RIS A% H 5 B Glaesserella
parasuis 31/ 1) LU I 22 R APERIE 58 s JEE 2%\ oK
TR DAL R ARHIE B R AL G4 . G. parasuis
ARG b o 2 & s AR AT B B A B, OF H 5 2 M
B A EE SR AR S R R A G 2 R A, 497
Fb K E AR G parasuis B IR5EIFHE K
AR SN, HETCAA 15 Fhaf g 8, AS[E g A
DR R b G B 007 THL 22 S BOR, IR AR K £ T
MITX G. parasuis &GRS, fE 151200 BOA
TGN SRR T EE RN R —. fEIRIKIA
ST, BUERM)T AT IE T G. parasuis T 2%
(72 AR, DR BB 45 ok EOR PR . i e a2
G. parasuis PiiZ ) FEFB, Harh E W EH G
parasuis AT FH R AP T T R AR M B AR K T
Ko AHRKIEH IR BORA IR, AN [F] 75 B 2 8] 5k
DAE SRS AE RS, A FFERERAT I G. parasuis
I35 B AT AN ], B 4[] — Sk 4 1 AN [ 35 A7
Al REAEEA IE—Fh g AL Rk, B A
AR S T T A G. parasuis B350 5
Eg=U

Tl 1 H i 1 i 8% (Glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) J&/ {Z A7 7E T EAZ £ LA

S JGAZ AP () — R i, T 5 G 5 2 SR 1D 1) 52 A4
G WO RE T iE .. W5 RKI, GAPDH & G.
parasuis [T G2 1Y, Fu S8 @ i 35 R 7 5
HEYIE B2 M R, GAPDH |2 A7 45 T 2% Ff i
G G. parasuis I H.& ER5F . 12 GAPDH fE
N G. parasuis WAFAE ) R IE R E H, D H
FxtizE a mAZE mE T . AMEE E (Outer
membrane proteins, OMPs) & 41 B 2% [f] 3 £ 1 5T )5
Gy, BeE 2 5 e T F IR R R . A
HRIMAEE X G. parasuis W15 9% N& A7 (E OMPs
BIPUAE, (HIA MR 2 BESE R PR, 1IX R W] OMPs
EEAZ A WA oAt B3 O BVF B8 2L Sz SR 24
BN 721 N G parasuis F R 2H A i ik
ANTF] ) OMPs AF T 7E B /1A G IR 2%, R sEH AR
PR AN R X 208 & G. parasuis X H A
TENRYPIEH. CAARY 5K, i G. parasuis
GAPDH #1 OmP26 & H I EEHAE G. parasuis AN[F]
1375 78 B Ak P A7 AR, HLRERE A T OB, IX
EWE AN ATRERSCN) W 1 ez i

FREAE IR A R B A 2 AL R AR, BLdE <
At e VRS . X RSN B R TR T
M B EEVITIRE Salmonella choleraesuis
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asd FRKK C5004asd, FFE I Z Bk R MR AR R A H
PR C500 /7 A% R BA R0 KRe T FooE
L 1 5 R AR IR T . BE S, 15 o S5
HIEX AR B2 36F C5004asd bk @I 53— 2B 1T
Fi, UESEAE C5004asd Sk 2Bk A 46 AN AN R AR Rt S5
T S AUE L g8 TR B e S e R AT L IR 1 7
FEEDN 5 A R B R r s AR e v, e
RUAFRIEANIEPUIR, K H5 4H B il I 11 AR Sz /N SRR
55, SMEPUE A R IRk g e, BEMan
FEATA RSN EIRBFFE SRR, C5004asd Rk
PR R ) 2 B A B ok A 0 M A

R, AHBFRIEFE GAPDH 3Kl OmP26 %
IR D G 5 T PR B IR, o Bk B R R B 32 NS,
choleraesuis C5004asd B 9Bk, PLR I RETE 5 2L
FKiL G. parasuis FPEFER, [FFBEA ORI LA =
HEERXT S, choleraesuis i 514 G % A4 4 FH I B 40
BRI A, I o L R AR A 4 2 R M R e % R R gk AT R
fils B ER R — PP 9 UM b B B0 7 4% 3R
W&, RN G. parasuis F1 S. choleraesuis 1R A 18 Y%
) 577 4 B AR B JE B AN v, DARITIX 2 e 45
i AR A S INE? T
1 RS
1.1 EELHFR R

S. choleraesuis C500 5975 % M PR asd JE R H
Kbk K% Escherichia coli x6097 X Tohith
JE K2R 3K TR pY A3493 HHE R AR OMb K 2 5 5 2 ¢
BN W% G i 2O 2 ARAT s BRIME A TS EcoR T +
Sal 1. Sal 1 + Hind 111 52 Fh N VI B4 H New
England Biolabs A #; T4 DNA £y H
TaKaRa A 7] ; His %% 8 404055 & (P2226) 1Y
HE KA 4 FEMESE BALB/c /MNRIBWHT 7R
B SIS L
1.2 SI4NRITFEERE

%2 Genebank ' G. parasuis L% 5 % SH02165
¥R B 2R 1 FE K] GAPDH(GenBank ID: 72785 966)
RIA R 2 5 K OmP26(GenBank ID: 219 691 637)
)74, FIH Primer 5.1 Wit 514 (GAPDH-F: CGG
AATTCATGGCAATTAAAATTG, GAPDH-R: GCG
TCGACTTAGCCTTTGTAGTTG; OmP26-F: GCG
TCGACATGAAAAATTTATTTAAACTTGC, OmP26-R:
CCAAGCTTTTATTTTTTCACTTCTTCTGG), If
LA G. parasuis SH02165 Bk 1) 55 R 40 AR 3 1
519,

1.3 EHEFRNAEE

S A BR ) N VDB EcoR 1+ Sal 1. Sal 1 +
Hind I X “1.27 [BIYSCSRAG 3K v Bt GAPDH,
OmP26 AT XY, JFA% R IEFRL pY A3493 i H
Xof . PR i) 1 P DDA T U], SR I 28 3 N W g e
H vk (81 GAPDH. OmP26 $£[K Fr BE 50 B (1 £ v
JFRL pYA3493, LA T4 DNA HREEFIHTERE . ¥
KifE N x6097, IRATAETCPUIESS F7 55 b, PRI
7%, 16 LB AR 2 55 h T 37 °C #5398 12 h Ja#f AT
RN G, DA Y] %5 58 T 3R U P T R pY A--
GAPDH F1 pYA-OmP26. H Sal 1 + Hind 111 X1
FNH B OmP26 5 pYA-GAPDH 4K, B, 46
th R E N x6097, EE LR BIE, K18 pYA-
GAPDH-OmP26 JFiki, IR HiE R FilgA TAY T
FEA B A = AT P 45 5E
14 EHEKIEE

HEHFK pYA-GAPDH. pYA-OmP26 Al
PYA-GAPDH-OmP26 5% N\ C501, 58 i f5 il
BN 37 °C WSS IR AL, IR B % 2w
H1; 137 'C. 120 v/min B3 1 h 55575 80U
P, ER T ARG IR IRA T LB PR . ff
F B )5 R 51 P00k ~F- I 3% 1A= K B V& 047 3 3
1.5 EHEHRMNEESERKEBEEN

HHBE C501(pYA-GAPDH). C501(pYA-
OmP26) } C501(pYA-GAPDH-OmP26) 1£ TLHi 1%
LB AR R FR 3 B SR 97, & 25 44T PCR
Y5, e FBE R . T 37 C &K FREREA
B IR, BEBE 1 h W52 Dggg ame VA B LI 77 15 8] A A5
AAR, B Deoo nm 9 PNALHR 22 1) B 41 18 k10 2E K
IR
1.6 EHEMKIE TS RIEFE

¥ EHFE R C501(pYA-GAPDH). C501(pY A-
OmP26) } C501(pYA-GAPDH-OmP26) ¥ 3+ T
Puik LB WA 7 i, o4 2 DR rbE . FLAE
FRF-HE. L ALRE, VEk . “FFLRE. EaeE. H e R
B B ZS BRI 22 28 il 45 Dy M — B A8 P 4 o Rl i A 4
% B AT AR . X EE 4 TR bR 4 o S R
1T Western-Blot £ 5€ .
1.7 ELHEF C501(pYA-GAPDH-OmP26) Xt /)\

Ry SR iR 56

R 40 H 4 FE MM BALB/c /N, 4 3 4
C501(pYA-GAPDH-OmP26) 2 (20 R/~ ). C501
(pYA3493) 41 (10 H/NER) PBS BN HEZ (10 K
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IR, %8 H 5x10° CFU/mL 78 % F £ s AnvE . M !
e HIRGIEIGE 14 RiFAT NGRS E, BAEFRE T )
RS E . RIS 14 d J5 &0 nigiEea R

2.5x10° CFU/mL FI&EIEE U EE G. parasuis 5 Bk

Fkk SHO165 F14E H 5x107 CFU/mL 7 &3 B W %

S. choleraesuis TREEE C78-1, &/NHAF 2 Fh B AT
BEAH R /N R, LS 14 d, Tl R KT

IRV

2 RS0

2.1 EHEHRAEE

H 3L GAPDH 1 OmP26 4 #4545 555 51l
1020, 798 bp, 5 UM BUK Z— 30, W45 Rk M: DNA Marker, 1: pYA-GAPDH, 2: pYA-OmP26.
i (B 1), EAFK pYA-GAPDH. pYA-OmP26 [if§ 2 ELAFTAL pYA-GAPDH # pYA-OmP26 BG4
DI IR s h 3 3 1 20 3 000 bp B AMJEEE R Fr Fig.2 Enzymatic identification of recombinant plasmids
Bt (8 2). pYA-GAPDH. pYA-OmP26 Fl pY A- PYA-GAPDH and pYA-OmP26
GAPDH-OmP26 Wy &5 K75 & Wi . B 411 Pk
C501(pYA-GAPDH). C501(pYA-OmP26) J
C501(pYA-GAPDH-OmP26) il GAPDH. OmP26 5|
Vi 5, W25 RS H R AME LR — 2

3000

OmP26) & C501(pYA-GAPDH-OmP26) & 5:4E 1,
100 X, B 25 ARHEAT 1 X PCR %58, SR B, A
[F AR Re AT 3 Hh AR R 2%t (I 3), REJE A
JFURL pYA-GAPDH. pYA-OmP26 1 pY A-GAPDH-
A — OmP26 S RefE s F Bk C501 A E gl . HA
PR I AR K il 26 5 0 IR B AR C501(pY A3493) JEH
. L (] 4), 2RO AR TS PR A S2 00 1 3 B AR AR
T IS ZECHR
2.3 EIFARERELERE
HA Rk C501(pYA-GAPDH). C501(pYA-

1020bp P

«—— 10

1 000

M: DNA Marker, 1: GAPDH, 2: OmP26. OmP26) & C501(pY A-GAPDH-OmP26) 5% I 14

1 B#EE PCR i HH Bk C501(pY A3493) SYASRER BT HL AR FLBE. A

Fig.1 PCR amplified fragments of target genes T LB R R LR, (0 AT DR A

22 EHEHEESEKREM HEEEE . RPE 2R R ERE (R 1), RSN T

FEYFFE C501(pYA-GAPDH). C501(pYA-  BGIANAEEN Salmonella H S W ERE

M I 2 3 4 5 M 6 7 8 9 10 M 1112 13 14
bp

bp

5000

1020 bp3 0%

2000 2000

1000
750 789 bp 9%
500

1,809 bp

1000
750
500

250
100

250!
100!

M: DNA Marker; 1~4: C501(pYA-GAPDH) 25. 50+ 75. 100 48; 6~9: C501(pYA-OmP26) 25. 50. 75. 100 18; 11~14: C501(pYA-GAPDH-OmP26) 25.
505 75+ 100 1%; 5. 10: pYA3493.

M: DNA Marker; 1-4: C501(pYA-GAPDH) 25, 50, 75, 100 generations; 6—9: C501(pYA-OmP26) 25, 50, 75, 100 generations; 11—14: C501(pYA-GAPDH-
OmP26) 25, 50, 75, 100 generations; 5, 10: pYA3493.

3 EHEHRERRENM

Fig.3 Genetic stability of recombinant strains
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12¢ 2.4 EEEHRFEEM
o R C301(pYA3493) Bk C501(pYA-GAPDH). C501(pYA-

C501(pYA-GAPDH-OmP2 .
® o) OmP26) 4= 2 #Y) Western-Blot £ R iBR, 57

0.8
£ e L AT L, L2815 1 PR R 0% 1 W 223 MU R
. 1, 3 EHIRE 20 TR 2059 37 400, 37 000(F 5).
0 25 RENMBRREFRPRAE
C501(pYA-GAPDH-OmP26) 49 /N AT S.
0 3 4 5 6 7 8 9 1011 12 choleraesuis TEFFE C78-1 BLEE IR N 62.5%,

. Xt G. parasuis 5 R5B7 Pk SHO165 BU# R4 F4
E 4 FLHEH C501(pYA-GAPDH-OmP26) 535t BBE#k 50.0%; C501(pYA3493) 4H. PBS XtHR 4% G.

C501(pYA3493) HAE K sk
. ) g == == % A7 2k
Fig. 4 Growth curves of recombinant strain C501 (pYA- parasuis 5 & giﬂ*;k SHO165 I&ﬁ E/”% :J:F Ki’/] jj

GAPDH-OmP26) and control strain C501 (pYA3493) 0(E 6).
1 EREDIRENAERERFIBER

Table 1 Utilization of different carbon sources by recombinant Salmonella spp.

[Ek7S PURACRE  FURE RRTORE LALER e CRILME WA HERE O R RER EZUEH
Strain Arabinose Lactose Raffinose Sorbitol Starch Galactose Glucose Mannitol Fructose Rhamnose Maltose
C501(pYA3493) - - - - - - + + + + +
C501(pYA- - - - - - - + + + + +
GAPDH)
C501(pYA- - - - - - - + + + + +
OmP26)
C501(pYA- - - - - - - + + + + +
GAPDH-OmP26)

1) —: P+ fRE,
1) —: Negative; +: Positive.

M, M 1 2 3 B IR LB ST B B bR SHO 165
Glaesserella parasuis type 5 strong strain SHO165

80 AR EREHRCTS-1
2 Salmonella choleraesuis strong strain C78-1
3 60 ¢
55 40
52
40 000 5
37400 3 10
37000 g
35000 &
0 ) S
Q’L ,b@ QQ’
ot X
0 W&
6§ &
?,’
Q\@k
Mr: HIX$ 4> F i &, M: Marker, 1: C501(pYA3493), 2: C501(pYA- &
GAPDH), 3: C501(pYA-OmP26). phpi
Mr: Relative molecular mass, M: Marker, 1: C501(pYA3493), Treatment

2: C501(pYA-GAPDH), 3: C501(pY A-OmP26).
B 5 FLAFE Pk Western-Blot 5347

Fig. 5 Waestern-Blot analysis of recombinant strains

Elo6 RENRHBERFE

Fig. 6 Attack protection rate of immunized mice

RESRME) 2 BRI AR Ak T s 2 2 A 5 A

3 WikS4IE Zoo LT 1T 6 202 0TI, S 3LAD L7
31 i L ] 3R D BB AR 0 3 A

PP E v TR RE M RS0 (A B i . (BB TR BRI, WA AN [R] L i A A 5 SR 4R
A B IR R K S SR VERIA IR, A R R iZ0m e R mE R . 2t
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i 46 5

REW, S. choleraesuis C5004asd H 5 ARAF I iF 7%
TR R BB [F] i R Z AN R SR b E, HR A
B I 22 A M R R AT R, AR DN ML N 1R 22 Al T
Salmonella R A R0H 2P, BURHUE = £t
Salmonella Gu3% X N, [FIE} 55577 A 4 o AR R A
(A A S P 00 P 9 2 FAR R B s S, choleraesuis
C5004asd # R F N asd JFKLJG 7 BE1E TC 4
VR B P R SR N AR, XA AF TR 4 A
AR RIS 5 %, () 36t 4 Salmonella 3o J§ %
B0 AR AU B AN IR P OmP26 2 G.
parasuis WM H, A 5 BAG B IF 0 %55V
GAPDH 1E4 G. parasuis % L35 845 8 1775 1) 2%
H, AR ohee. ¥ FH 4 & Rk, o]
AR TR A TR s, AT B LA G %
R . [FIRF, GAPDH fll OmP26 — % [Alf ik
A REAFLE D[RR S R M RUR, 7 A i 1
BN BeAb, [ GAPDH FI OmP26 3R )
FIEFAX T ME AR Z W G. parasuis T 5, Bel%
FALHE T IZ AR

T, KHFAM G. parasuis FiiiEE AR
U4 % BN B . GAPDH. OmP26, 5 H [A] i fdi
AN S. choleraesuis C5004asd GRSk, ITh g — Bk
BN TS F IR C501(pYA-GAPDH-OmP26). 56
iR IR, C501(pYA-GAPDH-OmP26) G e i
7 RAKAMEEE R, I 50 E PR C501(pY A3493)
HA AT A= v, RSN R BN A
AW TE E AR A K SR @ T E R
C501(pYA-GAPDH-OmP26) %% 1 /N 5306 FU 5L 7
EI G. parasuis TERRILE 50.0% MR R, 5
HHHRZL C501(pYA3493) 4. PBS 41 (/3% N 0) 4
FEMEZER ., FR, C501(pYA-GAPDH-OmP26)-
C501(pYA3493) %t S. choleraesuis C78-1 R4 %
5398 62.5% 50.0%, Ut B14MNE GAPDH 1 OmP26
PUIR R IE A PR C5004asd B R Fk & *t
Salmonella & G LRI T o (H1% B H R ARAE N
S5 TE SR A N 5] R ) B S NPT RE AR AE 2 57, H AT
IR G. parasuis B 2H P T R R B S0 AR R LE /)N
ORI EREAT, DA B R R
BEA TR, A D BEAE AR S AT R S AR AR g —
VA 1% A BRI S T
32 g

K FIEI G. parasuis 1) GAPDH 1 OmP26
RENEHEDUREFE I G. parasuis-S. choleraesuis
TR TR EEE C501(pYA-GAPDH-OmP26),
23 ki C501(pYA3493) M L, 1% 5 41 1 #k %

G. parasuis 5 Tk SHO165 FILRIP R T4 H
TEAEH R 2 57, RN EREE 7 X S. choleraesuis C78-1
M AR AdE— R G. parasuis Fi B i
5%,

SE 3R
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