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1.1.2  FERAF AL : UltraClean™15 DNA Purifi- JY92-11( );
cation Kit( MOBIO ); TADNA TagDNA (UV-2012C, ( ) )
(5U0/uL) Xhol EcoRI Sall NTP IPTG( 12 FRRNSZEAEEMNSESEE
TaKaRa ); IR N,N-i\. EF'%XXW%%%EQ(:IBE GenBank APP 3
S EAEYHAR K EHL); Sephadex G-200(EtRZFE  ApxIIA  ApxITA  ApxIVA 5
AR R F]); (Sigma ). PCR Apx A , 4 ( 0,
(Eppendorf); (Biorad);
x1 4MiamMEERE AZRANSIYRIT
Table 1  The primer design of A gene from four hemolytic-toxins
Toxin type Primers Primer sequence (5'—3") Restrictive enzyme sites Length / bp
Apx [ A F1 CCGGAATTCCCGAAAGATTATCAAG EcoR 1095
R1 ATACTCGAGGAAGATTGCCTGTTTAG Xho
ApxTI A F2 CAGGAATTCGGGTCAAGGAAATGGA EcoR Lo17
R2 AAAGTCGACCAGCAACGAGTAACGCA Sal
ApxIlIA F3 GCCCGAATTCAAATAGCCAAACGT C EcoR 1462
R3 AATGTCGACATCCCTGAGCCACCCAA Sal
ApxIVA F4 ACCGAATTCCAAAGGACACGGACAGGAT EcoR 537
R4 TCGGTCGACTTCCGCATAATTCACATCG Sal
[6] , APP 100uLPBS 2xSDS , 10min
DNA , PCR ApxTA ApxITA ApxIlIA 20uL SDS-PAGE
ApxIVA PCR 50.0uL PCR 1.4 FIEFYH GREE AN
ApxIA 95C 3 min, 94°C 1 min,52°C 1 SDS-PAGE , Bio-RAD
min, 72°C 3 min, 30 , 72T 15min  ApxI[A Mini Trans-Blot Electrophoretic cell ,
ApxIIA  ApxIVA 94°C 5min, 94°C 30s, 58°C 1 min, NC 3 5
72°C 1min, 28 , 72°C 10min 0.8% APP , IgG-HRP
PCR , UltraClean™ , Western blot
DNA Purification Kit , PCR 15 RIEFYRY S R IRE BN E
, pMD18-T , TGl, 4 2xYT (Amp") , 37C
, , , 4°C 10000r/min 10min,

) PBS(pH7.2) , , 4C
EcoR Xho Apx A PCR 10000r/min 10min, R
pGEX-5X-3 DNA, EcoR Sal Sephadex G-200 ,

ApxIIA  ApxIlIA ApxIVA PCR o PL BB A IRE S, 4
pGEX-5X-3 DNA, Apx 1A SHC S0uL i A S AR ) 2xSDS ,
ApxITA ApxIlIA ApxIVA PCR 10min 20uL SDS-PAGE,

pGEX-5X-3 , BL21 Kl , EUEK 280nmAb Il 5E Hovk g,
DNA 1.6 EFAEZEPXMPMRBGERIFER
13 REFYREFSHERHE 1.6.1
4 2xYT (Amp") 37C APP Apx , 3
2h, A(ApxIA  ApxIVA
1.0mmol/L  IPTG, 1h 2h 3h 4h, , 1:1
, ); B(Apx I ApxIIA  ApxIVA
pGEX-5X-3 BL21 , 1:1
ImL , , ); C(ApxTA ApxIIA ApxITA ApxIVA

ImLPBS(pH7.2) ,

s 1:1
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) 100pg/mL 18, 8 4
1.6.2 30 2

®2 NERMREMLES K

Table 2 The immunization and treatment in mice

t/d Groupl Group 2 Group 3 Group 4 Group 5 Group 6
30.45  Subcutaneous Subcutaneous Subcutaneous Subcutaneous Subcutaneous Subcutaneous

injection with injection with injection with injection with injection with injection with
vaccine A vaccine A vaccine A vaccine A vaccine A vaccine A
(0.5mL/mouse) (0.5mL/mouse) (0.5mL/mouse) (0.5mL/mouse) (0.5mL/mouse) (0.5mL/mouse)

60 Challenged with Challenged with Challenged with Challenged with Challenged with ~ Blank control
ser. | APP ser. 3 APP ser. 5 APP ser. 7 APP ser. 10 APP Challenged with PBS
(ImL/mouse) (ImL/mouse) (ImL/mouse) (ImL/mouse) (1mL/mouse) (1mL/mouse)

65 The survived mice were killed and dissected.

* VaccineB and VaccineC had the same immunity and treatment in mice with Vaccine A.

2 % % ApxTA GenBank
‘ Apx1A 93%
21 AEBEMLHER A EREPCR T HEER 23 FHRNMEELR
APP 5 3 DNA, BL21
PCR , 1095bp  1017bp pGEX-Apx
1462bp  537bp ) ’ ’

A EcoR Xho
5500bp 1095bp
pGEX-Apx A Apx A Apx A EcoR Sall

22 ARAENSE AZERFY 2

DNAstar 3
ApxIIA ApxIlIA ApxIVA GenBank ) 5500bp
ApxIIA  ApxllIA 1017bp 5500bp  1462bp 5500bp  537bp
ApxIVA 95% , 5 ( 1-A 1-B 1-C 1-D)
b M2 ] E Ml M2 [ 2
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Fig.1 The result of Apx-pGEX digested by ECORI and Sal . A: Apx A;B: Apx A;C:Apx A;D:Apx A.MIl. DL-2000 marker;
M2. DL-15000 marker; land 2. Sample.
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24 TRFSHERIEFYHEE Western blot Apx[ ApxIl  Apxlll
SDS-PAGE ApxIV 58kDa 66kDa 82kDa 49kDa
SDS-PAGE , , 5
.4 2h il 2 T R4 4 % Bh HT A Sephadex G-200 J5E it 3% J2
( 22A 2-B  2-C  2-D) Br 13 2 46 4k, JIF AE 2l 4 1 U R b KR B AT
25 REFEYREREGN R AL ER SDS-PAGE & F R L ik
A 2.8mg/mL
kDa kDa M 1 2 3 4 5
97
97 66 66kDa
66
58kDa
43
43
31
31
kDa M 1 2 3 4 5 kDa
77 82kD
- a
6 97
66
43
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31
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2 Apx EEFRIEFH 8 SDS-PAGE
Fig.2 SDS-PAGE analysis of expressed pGEX-Apx in BL21. A: Apx A; B: Apx A; C: Apx A;D:Apx A. 1-4. Induced pGEX-
Apx E.Ccoi in different times; 5. Uninduced pGEX-5X-3 E.coli ; M. Protein marker.

26 EHEZFAMNMBERORERIPIER

, A B
APP R 3
24h , , 10 APP , A B C
15 7 , A 82% 87.5% 100%
B C 58.4% 66.6% )
91.7%, C
L s T 34775 1
APP , C 3
R3 BEHERTSMEENORELER
Table3 The protection of subunit vaccine of recombinant proteins
Lesion
Group Treatment Vaccine No. sick Mortality/%
Liver Lung
1 Vac.,challenge with ser. 1 APP A 8/8 37.5 (3/8) Swelling Bleeding
B 7/8 37.5 (3/8) Swelling Bleeding
C 5/8 25 (1/8) Slightly swelling Slightly bleeding
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(Bx 3)
Lesion
Group Treatment Vaccine No. sick Mortality/%
Liver Lung
2 Vac. challenge with ser. 3 APP A 5/8 125 (1/8) Slightly swelling  Slightly bleeding
B 3/8 12.5 (1/8) Slightly swelling Slightly bleeding
C 2/8 0 (0/8) Slightly swelling Slightly bleeding
3 Vac. challenge wlth ser. 5 APP A 6/8 50  (4/8) Swelling Seriously bleeding
B 5/8 37.5 (3/8) Swelling Seriously bleeding
C 4/8 0 (0/8) Slightly Swelling Slightly bleeding
4 Vac.,challenge with ser. 7 APP A 6/8 375 (3/8) Swelling Bleeding
B 5/8 25 (2/8) Swelling Bleeding
C 3/8 12.5 (1/8) Slightly swelling Slightly bleeding
5 Vac.,challenge with ser. 10 APP A 3/8 25 (218) Slightly swelling  Slightly bleeding
B 2/8 12.5 (1/8) Slightly swelling Slightly bleeding
C 2/8 0 (0/8) Slightly swelling Slightly bleeding
6 Vac.,unchallenge A 0/8 0 (08) Normal Normal
B 0/8 0 (0/8) Normal Normal
C 0/8 0 (0/8) Normal Normal
3 %
8 9 b b
15 (891
APP R APP
1 35 7 o121, , 1 35 A
7 APP APP
R APP
, A
’ APP ,  ApxI  ApxIV
; 4 A A, Apxl ApxIll  ApxIV B
’ C 1 5
APP 58.4% 66.6%
91.7% 3 10 APP
[13,14]
82% 87.5% 100%
[15~17] APP
> 5
b b ) ) 4
> 5 5 APP
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4 1 5
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Cloning and Expression of Hemolytic-toxin from Actinobacillus pleuropneu-

moniae and the Immunoprotection in Mice

Aiqing Du, Youxiang Diao, Wei Zhang, Ruiping Zhang, Dapeng Zang, Fangna Liu

(College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China)

Abstract: The ApxIIA  ApxIlIA ApxIVA genes from Actinobacillus pleuropneumoniae serotype 3 and the Apx [ A gene

from Actinobacillus pleuropneumoniae serotype 5 were respectively cloned into the prokaryotic expression vector
pGEX-5X-3.Then the recombinant expression plasmids were respectively transformed into E.coli BL 21 and fusion pro-
tein expression were induced by IPTG. The expression products were purified by precipitation with ammonium sulfate and
chromatography on Sephadex G-200. SDS-PAGE indicated that the productsexpressed at a high level when the recombi-
nant E.coli BL21 was induced 2h, joining IPTG to final concentration 1mmol/L. Western blot analysis showed that the
expression products had immunogenicity and specificity.Subunit vaccines were made by different purified expression
products and Freund's adjuvant. Mice were immunized at 30 days and 45 days with the subunit vaccines. Then the mice
were challenged with the APP of serotype 1, 3, 5,70r 10 at 60 days. The result of animal immunoprotection test showed

that subunit vaccines (Apx [ A +ApxIVA, Apx I A + ApxIIIA +ApxIVA ,Apx [ A + ApxI[ A + ApxIlIA + ApxIVA) could offer
58.4% 66.6% 91.7% protection in mice against the challenge of serotype 1, 5 and 7 APP, respectively. These results

suggested that the recombinant proteins had good immunogenicity and the subunit vaccine containing four kind of re-

combinant proteins could induce better immunoprotection.

Keywords: Actinobacillus pleuropneumoniae; Hemolytic-toxin; Cloning and Prokaryotic expression; Immunoprotection.
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