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HBO4C-F , M T AH apxIA A= apxIIA 2 B 64 55 5 W H #k HBO4C2 (apxIIC /apxIIA /apxIA"). i# i 5 HB04C2 #) 4 4
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KL FBATH, =T = 2405 ApxIA A= ApxITA 894k, =85 2 BlVA S Rt a) i | RGN KA EKAT A L&, %5
F IR TR R0 S H AR R,

Construction and characterization of Actinobacillus
pleuropneumoniae serovar 7 live attenuated vaccine
strain co-expressing ApxIA
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Abstract: Actinobacillus pleuropneumoniae (A. pleuropneumoniae), the causative agent of porcine contagious pleuropneumonia
(PCP), is a significant pathogen of the world pig industry, vaccination is potentially an effective tool for the prevention of PCP. The
purpose of present study was to enhance the immunogenicity of 4. pleuropneumoniae live vaccine strain HB04C- (serovar 7),
which was unable to express ApxIA, and to develop effective multivalent vaccines for the respiratory pathogens based on the
attenuated 4. pleuropneumoniae. We introduced a shuttle vector containing intact apx/4 gene into HB04C-, generating HB04C2, an
A. pleuropneumoniae serovar 7 live attenuated vaccine strain co-expressing ApxIA. Then we investigated the biological
characteristics of HB04C2. We found that the shuttle vector expressing ApxIA was stable in HB04C2, and the growth ability of

Received: October 23, 2009; Accepted: January 7, 2010

Supported by: National Nature Science Foundation of China (Nos. 30970109, 30600025, 30530590), National High Technology Research and
Development Program of China (863 Program) (No. 2006AA10A206).

Corresponding author: Weicheng Bei. Tel/Fax: +86-27-87282608; E-mail: beiwc@mail.hzau.edu.cn

"These authors contributed equally to this work.

K AR EHEEGTH  (Nos. 30970109, 30600025, 30530590), 5K s i ARWFFE & JEvl-RIl (863 1K) (No. 2006AA10A206) ¥t B,

© PERZERMEVARTATIKSHES http://journals. im. ac. cn



306 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

March 25, 2010 Vol.26 No.3

HBO04C2 was not affected by the shuttle vector. We observed that HB04C2 elicited detectable antibodies against ApxIA and ApxIIA

when it was administrated intratracheally as a live vaccine in pigs, and all immunized pigs were protected from heterologous virulent

A. pleuropneumoniae (serovar 1) challenge. In conclusion, we demonstrated that A. pleuropneumoniae live vaccine could be used as

a vector for expression of heterologous antigens.

Keywords: Actinobacillus pleuropneumoniae, live attenuated vaccine, multivalent vaccine, vector

M JEEE RO 2 AT R
pleuropneumoniae, APP) &% [CEIMAFR, HATZ
A 15 A E AN, BRI 13 A 14 B A K
SR AN A T Jre B R P — 8% H R (Nicotinamide
adenine dinucleotide, NAD) A4 I #IAN, HA4 13
b 775 28 R A NAD AR KA TR, RS
WEURHI S . APP R 51 B A% A% Y M i il 42 (Porcine
contagious pleuropneumonia, PCP), 7EitFH 45 E1
ARE, BERFFHIHRE RGFHARL. it
R TE T A T A0 R A e R BIARRAVE
{HL it 5 i 245 DA P 0 56 00 DA R R R0 i 2B 2R il
(8 TR IR T, 2 N A 5 T A P i JBE M ¢ 1Y
FETBe, HETIT A5 3 SR A A K
Mo R . T APP MUERI L, KGRI
) 238 SUARAP SR EAIG, RN T B 1% e B
VTR, M R 2 TS 2 Y T Dl R P v OIS,
TR R BT A R T A BRSO L DAL, P A
LT B A DRI R 92 PR Ry 4 T A e e
Jiti 5 B —Rhka S T 7 B AR R AT T
AWTER Apxl {UrWFEE ApxIl, 1M#EE Apxl
MHAEZR ApxIT BE2E APP AN R 2 AR AT, [F
MAREAER APP WS R S fR AP PR R 1, IR,
OLI b A B 90 TR AR A v e Ik 48 ke 2 A T 59 R
GuRE A AR AR, [A]ES AT DL a2 R G ek HAN
W 28 G Dt i) T AR e i, O PR R 8 1 T )
SR HER ARk
1 MRAT %

L1 #
L1125
SO Bk g AR BE DS — A% F R (Nicotinamide adenine

dinucleotide, NAD") I [ 3% [ Sigma/y & . 45 Fh R
HITEPING . LA Tug DNAK G . T4 DNAEH:AG

(Actinobacillus

Journals.im.ac.cn

DNA Marker, pMDIS-T# &M [ K% 52 44 T.72
(Ki%) AR, DNABERE MG &l A A
TAY TEARAA . BREAKGHNE (Tryptic soy
agar, TSA). BiHEHKE A (Tryptic soy broth,
TSB) I H 3 [E DifcoA .
1.1.2  FHHEGHH

ik F5E it 8 T3 2 - A UL 7 Y apx TTC 356 PR e 2 55
B P 1 P PR HBO4C- R A 5256 28 DU Ry Jf 1l -4
PRAED LT 128D e JE it 98 JEC AT BT SLWO 1 R AR S 56
BB IRAE . KIGHT FE Escherichia coli DHSa i 4
SESFEARAT . SRR TR pIFF224-XN i Hi 1A e /R K
*#Joachim Frey#J 4% B ®]
1.1.3 7%

ST E L,
1.1.4 L8504

6~8JEI AT ) [ A S KIS Y, W e it 2%
TR P L5 2 AR D 2 G 359 Sy B
1.2 A%
1.2.1  APP ZX A # &5 K apxIA ZEA1 75

WUMYE 1 8L APP 73 BBk SLWOT Y fif B 5247
HR A SCHR[ 1014 Y 7 Ik B . APP SERI4H ., DAJEPH
AR, 51 P1 A P2 Y IR apxld KA
PSR 94°C 5 min; 94°C 1 min, 55°C 1 min,
72°C 3 min, #t 30 MEF; SRJE 72°CHEAH 10 min,

R1 KRR RIEHA

Table 1 Primers used in this study
Gene Primer Sequence (5'-3") Lgf)th Remark
P1 GCCTGCAGATGGCTA Pst 1
A CTCTCAGCTC ’
apxIA 3069
P2 ATGCGGCCGCTTAAG Not 1
C TGCTTGTGCTAAC
P3 ATGGCTAACTCTCAG
CTCG
apxIAN 826  Reference
P4 CGCTTTACCGATATTG
CCTA
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122 FERIIHHTI

FHTIR PCR P24 apxI4 FH %33 pMD18-T 2
K, 153 FkL pMD-apxIA, GV EIEHE, L
Pst 1/Not 1 XUV, [0 apxId F B %42 8] 2[R ke
W) B 248 BB, pJFF224-XN H, 15 B #EAF 4 5
PRI A% 2848 BORL pJFF-1A
1.2.3  ZEAFHAG L

KA 45 FORL pIFF-IA,  LLHL 3G AR 5 4 2042
KL pJFF-TA 614 Ji JEE it 4 ik AT 71 55 2k HBOAC-
J B i 28 JBCER AT VAT P A A2 S 1 il L B HL e Ak
2% SR T . S ME R iR e, 153
AEZPERE R, FLLPCR (514 P3/P4) LI
UE o ¥ 15 3 1Y 58 A8 Bk A 44 O HBO4C2 (apxIIC/
apxIIA*/apxIA"),
1.2.4  HBO4C2 HIi5 15 BE T

W15 2 i T 41 T HB04C2 2> B e & A W 55 B4t
PE Y TSA K 37 He RN 5 Bt M 1 TSA B 95 2 14520
&, BRI, FH5I#P3/P4 PCRYE, LU
TE HBO4C211) it G Fa s P o
1.2.5 HBO4C2 7B HAf ZZF 1920

BB BCEAR M E AR KRR, R
LA 52 56 2 il 4% BB ApxTA Y B 58 B LR o — L,
HE4T Western blotting #6112
1.2.6 HBO4C2 HI1E 5 HE T 5 Hr

KL B 5% B9 HBOAC-F1 HB04C2 43+ A 1:1000
Fe 3R 3 100 mL TSB 15353 (% NAD 1 10% /)N
A IMLIE), RS AERE 1 h BURE, I 5E B RAE 600 nm
THWSEE, 5110 h, E& 3 KECEYE. K
2 NRAR IS KRBT .
1.2.7  HBO4C2 XI1FIEHI BSE R W T

VR 103K AT (6~8JAily, APPYRJFE AT
SRR, BERLT 240, B4 53k FHBO4C2 (I
B R 1x10° CFU) 3 i S 5l i 55 — 414148
B2, DA R 7 2 am S e, 5 AT R e
TSBYE R BIVEXS B o A2 —Fnl . S L S i
3 3 A KR L, P AR 52 55 % 8 57 1 ApxT-ELISA |
ApxII-ELISA K il J7 ¥ 6 U # 2 ApxIA . ApxIIA
PUOR R g2 A5, R TSBX R, Hii

T 17 APP /3 B T8 Bk SLWO1 (1% 18 & f 1x10° CFU)
A I R AT MO, LR LR SR A Y
R, IFTT IR HAFTE I FENL SRR 22 o A7 4
Ilé AR AE IR 5 24 (Clinical sign score) iV S %
Tumamao5 W R A AR UE . 0=TCAER 5 1=PF I 5
I, 2= X NE ; 3=R%WK; 4=PFURIXE; 5=
FET- . 4% B Hannan %5 U O A 1) J7 15 B A0 41 4 it 355
SR VERIE RV AP IR s S 110 O 157 R 9 1 1
FERE S B0 3 VP o, BRI i oy 50, B
B, S EBE BT o B FIAE S il TR A 4

# (Lung lesion score).
2 &

2.1 TFHRRAL pJFF-TIA RYMIE

PCR 4" 3411 apxiA FEH 7= ¥ v F] pMD18-T %%,
b, A AT IESE O ER L . 28 Pst 1F1 Not 1
V) apxIA 314 A BN ZER R pJFF224-XN (1) T4 JH
S Fif. MHEMEARZ Pst 1A Not 1 3]
JE 153 2 4294 7000 bp F1 3000 bp B F- B, FH KR
RAEIER (F 1),
2.2 EFHRRK pJFF-TIA By 1L K% HB04C2 &Y
Ufivi

3 o R 5 2R L T U 2R R R pIFF-TA R Ak
FIHBO4C-, 8 i A& R YUk, 15 2 BH M v b,
PhapxIA Nuighe 5551 9 P3FIP4EfTPCRY #, 7]
753 51826 bphr i F Br, i SE A T HB04C- K B 4
(I ) o

1 FEHFRK pJFF-IA BB L E
Fig. 1 Identification of pJFF-IA by enzyme digestion. M:
DNA ladder 15 000; 1: pJFF-IA digested with Not 1/Pst 1.
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2.3 HBO04C2 HIEF4F 4

HBO4C27E &% A B R F R AA & WG R
BEESAEN)G, #REY 1Y HapxI4 N¥i826 bptE s v
B (Emg), 3R W %2 5K pJFF-IA 76 APP 1 bk
HBO4C2 P REAE FRE B4R, $E I 4 I HBO4C2HI %
A HHBOAC-1 /- e . BT ApxIA B e TR
Y& A —Pi 74T Western blotting 461 , 2% 5 i 7~ 85 4H B
HBO4C27E110 kDafh Bl — 2R S bEAE, 5 HUIAY
A (E2), BRI BRI A — AR /N 2458
Hr, BB L TT BB S apxIA A 469~3069 bp i) 2 ik~
Y (CR/N2)7493.8 kDa), T SEAS B ARHBO4C-A H B
RS 2 R AR WA E 5 SR TR pIFF-1A Y
HE DA TR R ZH B MR HBOAC2 i 3635 H. 20 i B oA %
PE2ENG AT ApxIA . T 2H FTHBO4C2 FI 35 A [H HB04C-
(AR R I3 T 7 o A UL EE 4 P RN SR AR TR AR K g
FIEFIAK, T W 2802 BRI A B 252 e
APPHAE K

2 SDS-PAGE (A) #1 Western blotting (B) #&|ZE 0

E Kk ApxIA BIFRIA
Fig. 2 Detection of ApxIA secreted by HBO04C2. (A)
SDS-PAGE. (B) Western blotting. 1: HB04C2; 2: HB04C-.

OD, 600
(=1
N=J

—m— HBO04C-
—A— HB04C2

1 2 3 4 5 6 7 8 9 10
£ (h)

3 HB04C2 {RIMEFEEE N 4T
Fig. 3
strains in vitro.

Growth ability of attenuated 4. pleuropneumoniae
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2.4 HB04C2 HIRERMEMR
2.4.1 GREFIZ LT F R

GEWR IR, ZUE RN HB04C2 J5, fE 14d 7]
DIAG 2] ApxIA Fl ApxIIA FIPLR, )5 28d,
PR ERZE (B 4), SR L2 R e %
(P<0.01), XJ FRZH P A7 48 A0 A 10 o PR M v P AR 2
RN
242 HFRIAR

XA TE I R R R . W< PRIR
e RE PRI, A 14 ik R S5 A% G P ff it 46 1l R A
R, WG 24 h WRTRFET, )5 o] Wit 8 ™ &
i, AEREAIAET G, SRR ERE
Mg <, HICEE 2 d JRBEAIKRE IR R s M 2A 1k
At R A s, JEAY 4 Sk IEH o e 4l il

A
< _
5 6007 HBM4C2 .
£ 500 BTSB .
Z 400
<
& 300
4]
- 200 F .
: '
2 0 =< 1 e —— J
14 28
t(d)
B
< _
= 6000 HB04C2 .
& 5000 B TSB T
Z 4000 -
& 3000 |
5 2000 -
2 1000
2 L
£ I
14 28
t(d)

4 fFREmMFRAEEN
Fig. 4 Evaluation of antibodies against ApxIA (A) and ApxIIA
(B). " P <0.01 compared with the TSB group.

&2 HB04C2 REFNMHIMHRIFLER

Table 2 Protection of pigs against challenge with
heterologous virulent A. pleuropneumoniae serovar 1

Animals number

. Survival of with Lung lesion Clinical sign
Vaccine  (Number .
. pneumonia/ score (x£s)  score (x+s)
of animals)
total number.
HB04C2 5/5 1/5 1.26+1.86  0.85+1.18°
TSB 0/5 5/5 29.68+3.16 5+0

“ Difference highly significant between the mutant vaccinated group
and the TSB control group (P < 0.01).

© PERZERMEVARTATIKSHES http://journals. im. ac. cn



XGRS Fak ApxIA WL 7 74 1R 28 ROk AT 17 55 2 T MR O R A BCRRIE 20 M 309

PR BT F AT X IR (P<0.01) (£ 2), 45R%E
B, HB04C2 RBEH2 L4 A48 T S EME 1 2 APP I
T AR
3 9tk

Je B it 8 Tl 2 AT TR A A A2 e e e A 48 ) 3K
1 IR 3 h e Uib=Y e 'A 4 e A STER /R DN R
L EF AR PR ISR SRR A A RRAE , B R
M gL, 25 B AR IS A 2 AT R, X SR
WAL T B RB AT P 1 S vl TR APP /%
Y| 1T 55 BEE T 000 L HG v RIOR AT 3 58 SUOR B R
MBI FIE LA N E . ME S TR R
J APP 4 FBURMLERAF 7T TR A, R BAR 4325
P 2E AR R TR i, k2 B AR G
T A AR EE S H EIORE ) APP [N TR 55 BRI
B DRRR , BRI A2 Yl e i S s 2 2 ¥ 1 9 1 4R
R

APP A7 4 F RTX T &K, 4050 ApxI. ApxIl,
ApxIIT Fl ApxIV ., H:rp ApxI 74 i 4 15 I 375 4 R 5i 40
MOEEPE, ApxIL A% I35 44 0 400 e o P A AR X 4 55
ApxIIT JGI LT P , (FA 3 A 40 247, B ApxIV
FEPTA MG APP #RAFTESL, B3R LTS B APP fe 2
& ApxI, ApxIL, ApxIIT g wiFpt "8 ) 5 45
ApxI Fl ApxII BRI Ry S B0t . A 5Tt H
ARSI AN apxIIC FE PR AR HBO4C- 4 3
AR AR L 2 PR A T T 12 35 PR B 2 R R 1 2 4
G 3 I PR T B ) 1) S e (R AP 3R AR A T 4 T
FE, 255 B B AR G B R S8 A B R IR v 7
R APP M, HX 3 ) B s S IR 1 AL APP
MR R U 70% , TR 1255 2% MRS RBP4 B2
AR PEDTE ApxIA . A T £ 55 HBOAC-XT 5 U8 il i
1 70 APP MURP R, SRR e, AHF
FEME R R, T LLAE HBO4AC-Hh £3 o £ ik
ApxIA, HIMiE 7 % APP & F apxIB/apxID FEIH ,
LA ApxIA 194 g ftEE" ", fE Ry APP HE
g, B G E ApxIA KARTE K R ik
PP, B ApxIA BB A B, BRI s R R
(B2 AL A A R R . &R R
HBO04C2 J&, Al A4 AR 41X ApxIA BYPLIE,

FE U T ZH RS 10 ApxIA B R4 e I
Sk NI RE IR, ApxIA PRk R e, £W
Z IR R G AR E R IEE, AMRREH I Rk
PRI AT B 7 S R R PE N A RN . DA A
7% 1A APP B J5, 25 P 0T B 20 S 30 7™ 5 114 ik S
il S REARFFFET, e LA 3 B0 Ry i ol v 25 A
BERIG RAER , (BTSN & R, B R bR
Xt BOFE M ) A 14 3 B B R 1) e AR T R e
T UL R AT BT 1 58 SR B RE DT

A S I v e Ty O A TS e, R
JERK, SRR N 8, T ELAE T S A7 B S
AL S K i A5 (R, A S 6 s R 24 3R FH TR S
IS kg SRINE ARV M S o 3 SN |
WAL P RS KRS LRSI A APP ()
SRR IATHERD , REIS ST IR,
W, %55 EEE T AR AL TR S B HE T R
SR P55 S 2w s e e 1 ) U AT RE S o fnaE
(HX STy Tz N, TG B — B A R R

AR ZEAR ORI A B G (W BT A R pdE S R =k
MR E RS, At PucE, Wy
ZILP A HSE R S . ApxIA BTG 7 5 APP
PRIGAG A SR AT, A R TIF & DL APP 553 BBk
SRy 2R AR 1) I I R 8 5 11 R 2 A 8 1 L BT g
APP YRR DI REZEE T HLAl -
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