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1.1 @EEMEE
K DHS« & ER7F,APP L 1K 7 BUE B
FEATHBEERT (4542 HB03), pBluescripts II
sk( + )RR A ZRTF, PMDIS-T B M A TaKa-
Ra 24 ¥l.
1.2 IR&EMEAA
NAD(JEBERE IR End — B8R . WA T HE L
L ¥R/ /A7) ; Tag DNA 58, CIAP, T4 DNA &
§§,T4 DNA B 58, S TR M H 4+ A 1188, DNA
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720 H # xTr

B % # 0%

RENMENESHBEEED TIEAA(KE);
WEFHFICR M E MW B Boehringer Mannheim Gmbh
Mannheim, Germany .

1.3 EFEEFERGE

APP 4 K Wi {E 55 35 5 5 Tryptic Soy Broth(TSB),
BB {4 3% 3% B Tryptic Soy Agar(TSA), 353 EMA 10%
4 1M 3 1 0.5%NAD, APP #F 37°C,5% CO, ¥EF4F
ERBHF.

HATFAKBEHEEF M LB( Luria-Berani ) ¥ 7 &
ZRIE(6]. BEXRBRER, EXEFEPMA
100pg/mL FEER,BA 3TUHR,

1.4 APP E[EE DNA Ry EL

# APP PAEHM BRI FE , BA 3TC5%
CO, BEFHMPIEH 10~ 12h GRIK BB, BRI
BEAEFREREREREPERE ITCREEFRE I~
10h J5 W R 44 U [ 7) R IR LR I 4 DNA.
1.5 DNAEA#HR

RS LD B PR A R TR AR R A
M & ERE N ERED .

1.6 apxlICA BEMTEERAS

WS XER(SITRE MBS, it — 3t 8k
YIETEE apliCA BT (PL,P2), 31 WFF
T : P1: 5'-CGCACCATGGTCGGGC-3"; P2: 5'-CTAA-
CAGCTGATGCA-3',,

S8 (P3,P4) T apxtic EEA MY ¥, P3:
AATGATTTTAACGTATTGG; P4: ATGACAAAGTGATT-
TTTGAC,

1% (P5,P6) Al T GFP & A @ ¥ 1. Pps:
AGTCTAGACATGGGTAAAGGAGAAG; P6: AGTCTAGA-
GATCCGGACTTGTATAG
1.7 EERNA pOSAKCG IR 5% T

AT QT BN pSKC 36l -, Xbe 1
B pSKC, RERESH Xba ] ST ML B2
YE R (GFP) % 5 i 813 3| i b pSKCGFP, Not 1
0 Pst T WEEY) BB pSKCGFP, R 55 Not 1 # Pst
I2HEHRER omlA-sacB-Amp I, BREHE
T E 4 Bk pOSAKCG,

1.8 HEARN pOSAKCG %L MBI HRMIME.
¥7E

F PR 5F FL 5 35 B 4 BURL pOSAKCG 5|
AF| HBO3 REHHP, EEEATEREELHEL
TEEDLIERE TR DIYE R B 7% 75 TSB( & NAD Il 7 )
BHMEREEELS,E 5% B TR L EHE
VBB , 4y & X HBC /GFP' ,

R R A # HBC /GFP* 4 DNA, HEI Y
P3,P4 PCR 3% apalIC R, B R T REY L Kb
9 1.20kb apxlIC ¥ 515 DNA H B, IRV HER
HUMAR BAdNS L ERMENRTHETER
Y, Southern blot X BB #H —H K E .

1.9 RTEHK—LEHFHHETR

1.9.1 REBHREZEEEESI URTHEREL
WA O S (B VR B SR 1T SDS-PAGE( B
BRiz st R bk ),0.5% F M 3 & A (BSA) HHA
30min J& A —#i 1h, & $H ¥ 1gG-HRP,37C1h &
TBS ¥&J5 DAB B &,

1.9.2 EEHFENFESEDIT ERELEHRMEL
B APP-1 f1 APP7 B, AR TFEAH XM
WAL, 37 CIE e &, ME ©MNAYHE M 15 5 .
1.9.3 ETLHMBEESHE - HRTHRAEBEIEH
HEZER 10K, A PCREE, EE—RHRTH
EEEEEY W 0.72kb B9 CFP EEERH R R,
HHELEARTHREESREREN.

1.9.4 FETERA KB -2 PR E T #EAN
EARPEE, EHA TSE P, EE MR 1h BE,
A FE it OD o BB | il 2 B — 40 Rl B (6] &
0D ERPEELBENHERISE,

1.10 REHNNMRELERYE

5y 64,84 3 H Bab/e MR, EF 3 HBFH
MERE 7B REMHI N 2 x 10 CFU/mouse, 1 x 10°
CFU/mouse, 2 x 10°CFU/mouse; B 3 Ak gt a8k,
BRI H 2 x 10° CFU/mouse, 1 x 10° CFU/mouse, 2 x
10° CFU/mouse, & i3 5 — H /)N B T 18 5 K i 5 4
HR BT TREEKRSAELHHLENRTY
BREK .

2 #HR

2,1 REHK HBC /GFP' IR BT R AME

F3E A #k HBC /GFP* M HE RpE 8 n M 1 ff
No
2.2 apxlICA XEE PCR ¥ & F

PCRY /=% 0.8% WIS WBE RSB 3%, T |
— KK 3 4kb B R DNA H#F,

H Hind [l B§E0 /5 7T B— 4% 1.4kb FI— % 2.1kb
BIH, ST RAR,
2.3 HEARK pOSAKCG IR SHITLEE

Not 1 M1 Pst 1 WU R§¥) E 4H BB pOSAKCG, 78 B
FRAE, —%% 2.8kb, 5 — %% 6.9kb(H 2),5
RETME . :
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NARS EELEREREHITEER ol ERLHWH#

58 D%k HBC /GFP* R EHAMEHHERR 721
X X MEENNEAEE, WREEHKME A HBC/
Wild type HBO3 GFP* ,
RBMHEEHS DNAERX PCR T3 apaliC R
ROBLAR , 18 B — R KM 4 1.20kb #5575 DNA H B,
ML EEEEFEY DNA REARY ¥ opaliC EH, R
B8 E — & K/N% 0.5kb B9 DNA H B, L E PCR
RESGR(E3)SMEMN—B ., R REHRTHK
Intergration of deletion plasmid B EXRERN.
mﬁi‘;p' apxIICA
a
b
Selection on sucrose
medium indentification of b
Mstant strain T
HBC/GFP* P5 — 720bp 4— P6

P3 P 1200bp 4 P4

1 REBWBERBA

Fig.1 Schematic representation of the construction of

the A . pleuropneumoniae mutant HBC™ GFP"
Restriction sites used for mutagenesis of apx/ICA is shown. Oligonucle-
olides used as primers for amplification are indicated with small arrows,
as well as the size of the resulting ampilification products. “a” and “b”
represent homologous recombination events that may cccur upon selectin
on sucrose media, with the subsequent loss of the region between the

recombination sites. X: Xba |

B2 HEHARM pOSAKCG KBTI % ¥

Fig.2 The restrict enzyme analysis of recombinant
plasmid pOSAKCG
1:pOSAKCG/Not | + Pst 1 ; M:DLI5 000 DNA market

2.4 REKRMWBESERE

E BB pOSAKCG B FA FESIAR
HBO3 A HHK+ AL EMRBIREE . £K
EEFHBRVRLAERROAUIFTHER
apxlICA 2 A T GFP i A W) apxlICA-GFP EEHE
EAEYE ZEEENAR EKESHERE VR L

B3 5l¥ps P yINFFAR HB MRLHLENA
Fig.3 Amplification of wild-type HB and mutant strain
HBC™ /GFP® genomic regions with primers of P3 and P4

M:DL2 000 DNA marker;
1:H, 0 control; 2:wild type; 3:mutant strain

PCR 33 9 0.72kb GFP 3 53 i3 b B ¥ 47 iC
FlEAMBRHE.BES P I MUNETHRERA
DNA #1355 4~ 8 2 5 44 DNA 9 17 4% 38 43 #7, Southem
blot R (H 4) B : 5REHEESA DNA(1)HZK,
AR—FKPDL 4 BRHENG) MEELHRE
4 DNAQ2) L BA W (4), KW apalICA B A
C2RB\BTHEHMEREMESRE, #—-FPIEXR
IIFr R ZE 2 Bk HBC™ /GFP* B EIIN .

1 2 M 3 4

4 HBC™ GFP* R Hk M Southern blot 537
Fig.4 Southern blot assay of the mutuant strain
with HBC™ /GFP"

1: mutant strain; 2; parent strain; M:DL15 000 DNA marker
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2.5 Western blot 5 #ff

WHE1.9.1 #HTH Western blot, 5 R (B 5)%K
BH < 5 £ S 4 1 BB B 28 AR AT B apxIIC 2K 05 S5 1T B
AWK AY 110kD RARFEERENEEERQD
ApxIlA,
2.6 REKBMFESH

PEEL A BR M E A APP-1 F1 APP-7 B B
HAVNEFRTESARENM MBI T, ZE 5%
CO, WFAMITCHFEAR, ENMFENER(E 6):
mE | BW(A) M PERR,7 B(B)KZ, T REK
(COOFERETHEMEE,

1 2 3
kD
116 — & —110

66.2 — =

Bl 5 iK@Y ApxIIA Westemn blot 43 #7
Fig.5 Westem blot analysis of ApxIIA expression
1:standard protein marker; 2; culture supernatant of mutant strain;3: the

lysate of mutant strain

C

BHe FEHRIFMEEME
Fig.6 the mutant strain hemolytic activity test
A: wild type APP-1; B: wild type APP-7;
C: mutant strain HBC~ GFP*

2.7 REKRMBEBENSE
WRTHREBRKEFEEZER I10KLE. B
PCR %% .45 R (A 7)HEEY H 0.72kb ¥ GFP EH,
WA RTRREBREREN.
2.8 REHEKBHERR
AR BEBHEMERHPHE, EMHA TSB
PIEFE . SRR Lh B R 0D, H,&idT8—4

HFIR E B 0D K/ N B EMMAERRE. &
RAENESTHBEHREEKERLEE
Rk R

M1 2 34

56 7 8 9 10

720bp — P

-

Bl 7 GFP B PCR ¥ IMER
Fig.7 The PCR amplified results of of GFP gene
M:DL2000 DNA molecular marker;
1: positive control; 2 ~ 10:the PCR results of

GFP gene in 10 different generations mutant strain

25
[ —&— Wild strain HB

29| —— Mutant strain HBCGFP

O

e REHBAMELHAE RIS
Fig.8 Growth curves of A . pleuropneumoniae strains HB,
the mutant strain HBC™ GFP*
Increased growth rate and decreased lag phase of HBC™ GFP*
mutant strain can clearly be seen

2.9 XEHEXMZIBARINREURR
MBEAPTLLESL, FAE 3 MEEEH IR
Jo BRI (2 x 107 CFU/mL) ] i — B/NRFE T, B
# W BE (2 x 10°CFU/mL) o] /N B & PR T, TR
RIS R/ R, B S M BE (2 x 10° CFU/mL) B & B ¥

CEQxICCFU/mL)HIBAH — RABRRET ; EFHEMN

WML HBC /GFP* S AW HE LM /NEE
TN,

1 EMANEMARECNR
Table 1 The mortality of mice infected with bacterial strains

Strain Received No.dead/ No.lesions/ Attenuation
tested CFU No.tested No.tested factor*
) 2x10° 33 33 1
Parent strain 1 op 3 313
(serotype 7)
2x 107 3/3 373
M . 2x10° 073 173 100
utant strain
HBC- GFP* ix10° 073 03
2x 10 0/3 0/3
a:The figure d ined for att ion reflects the increased ability of mu-

tant.
This figure is calculated as the lowest number of CFU given of parent strain
{HBO03) and showing lesions.
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BE A & APP W~ M EE&H I F, APP
I3 BY 22 0, BR 10 RS0 4% il 3 BU AR 6B 4 W B
Fo WEBEREE opll HMERA C REREER
BASM, YCEHERELR BXHE 9 BEM,
MR T EEHFRZANEWMS, %48 HBC /
CFP' X (/PR MELH AR RIEEL TX—
Ho

BAr, FAMF 2 E X ERLEES FHERER
THFEIRBE T~ APPRAEKR, MBMEEE.
MR RMEEE" ™, B, XEFLEENE
PHEREARNRYFIE LT L, FEEM
EHENETHTHIANEERIC, T2AHS
MEREHATESHROER, B EFHHE
sacB {E AT M ERIC, B A B REHSET
MEMFERATEZXASARRERWEBNE
WERINGHE" " B FEER LA T APP Y
BE ol REARTHEE. A HHEmME 7R
AFEAW, P MR R AT EMNER S omid B
H—BoEAEa . 2WKFAREHRKET —
Pk524F £k HBC™ /GFP* , PCR Fil Southern blot 4% 5 iE
TREAHKMBBEMIIN, BBy ERadH T
APP RIHMME., R, AETHERERLEF
HE200 MU EEFARB - ESRER TR E
WRERA T, EHRIEFM. & AR NS
SsacB EHTE APP R IEF K, —HHETHERE
omiA BREE B FAEME; F - FEAJESEKIA
BEARTmMAX, TEFLUEH—BWE.,

AW R HETF MRS K
PR R S PR R 215 R West-
em blot 4P 7 IEE THRATMENE R TR ELHK
REIM. ANEHRREAL GFP AT apxiIC
—FBsrmE A TS, GFP BETE R PR A7, 30
ARTH AR Bk R R — o 0F R B KRR
PRRSV L ERH B — R RE R H , R T kK
WEAMBHAMBEFREEFHIHRENEETRE
BERAT TR, AT AR L IR EF i eEm
BiFE.
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Research on Construction and Biological Characteristics of Actinobacillus
pleuropneumoniae apxIIC Mutant Strain Lacking Drug Resistance Marker

BEI Wei-Cheng HE Qi-Gai FANG Liu-Rong XIAO Shao-Bo LIU Li-Na  HONG Wen-Zhou

LIU Zheng-Fei CHEN Huan-Chun”
{ Laboratory of Animal Virology , College of Animal Medicine , Hunzhong Agriculture University , Wuhan 430070, Ching )

Abstract Using the sacB gene of Bacillus subtilis , we developed a sucrose-based counterselection system that allows introduc-
lion of unmarked mutation into APP chromosome . Recombinant plasmid pOSAKCG was constructed by inserting GFP gene. There
are a cassette containing the Ampicilin resistance determinant{ Amp’) and the sacB gene expressed from the APP omlA promoter
in the recombinant plasmid. When the plasmid pOSAKCG was introduced into APP by electroporation, the APP apxll-deficient
mulant was prepared by homologous recombinant between the mutant apxfTCA gene in the recombinant plasmid and the wild-type
apxiICA gene in the chromosome of the parent strain HBO3 . The mutant strain HBC™ /GFP* was obtained by two selections and
identified primary by PCR and southern blot. Some biological activities such as the hemolytic activity, growth rate , immunitical
activity , the genetic stabily and the safety were more investigated . The results indicated that construction of the mutant strain lack-
ing of drug resistance is successful, which can provide a strong basis for further researching vector and genetic engineering vac-

cine.

Key words  Actinobacillus plewropneumoniae , 1oxin apxlIC gene, counterselection, mutant stmin HBC™ /GFP”*
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