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Cloning and Expression of the apxIVA Gene of
Actionbacillus pleuroneumoniae and Development of an

Indirect ApxIVA-ELISA
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B OE S£BAPPLA I YapxdVAREAFSGAT R FHS ALAZRESBLLNOMEN LA H G (APP) K2
M B HT apslVA R E 553 2445bp 5 KL, W E N B AR BRAEEG pET28b 9 T7 B3 F T#, 5 6 x His Tag &4 . &
LA B E BI2I(DED) , A IPTCHHFF TRAER P H UKD E S, AR S AR AGBAAL, Akl APPAREfEH
Rk EABFHAE, HOBRATHAE MG LW BAEE L T M8 FLUSA # 3 (ApxIVA-ELISA) 4 4% 47 . M ApxIVA-
ELISA M EBMEHAE M2 A TR EEAYFARNIEL S I A G LAH AR AEH AN, R 12T APPER A
R kAR A A M, FEE ApIVA-ELISA RAUTL K THMA A AR APP Ik m BE T AT APP A &
AR EH SR EHG LG,

E@RA MEMEASHE AV, £ 5 £k  ELISA, ¥ 34 8
SHESEE QT8 IWRISED A T EHRS 1000-3061(2005)02-0294-06

Abstract Apx [V, a forth RTX toxin indentified in Actionbacillus pleuropneumoniae vecently, is expressed by all A.
pleuropneumoniae regardless the serotypes and inducible only in vive toxin, so it is the optimal to develop species-specific and
differentiated diagnostic assay. Here the 2445bp DNA fragment of apxIVA gene of A. pleuroneumonice was amplified and fused
in-frame to the downstream of the T7 promoter and 6 His Tag of the prokaryotic expression vector pET-28b. The construct was
transformed into E. coli BL21(DE3). After induction by 1.0 mol/L [PTG, a recombinant protein about 90kD in size, designed
as ApxIVAN, was detected, which was present as inclusion bodies and reacted specifically with swine antisera to the APP-
serotype-1 by dot-blot. An indirect ELISA ( ApxIVA-ELISA) was developed using purified recombinant ApxIVAN from the
inclusion bodies as described previously, which had excellent specificity to A, pleuroneumoniae . Using the ApxIVA-ELISA, the

ApxIV antibodies were not detected in the inactivated APP bacterins vaccinated pigs, but were detected in A. pleuropneumoniae
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FUEE MBEN KR AT ERE apdVA BN LR 5 HARFS ELUISA ¥ A0 # 295

serotype 1, 2 and 7 infected pigs and mice. These results suggested that ApxIVA-ELISA can be used not only to detect all

serotypes of APP, but also to differentiate the naturally infected and inactivated vaccine immunized pigs.
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Fots otk M BRE A % A2 oy B R BT R BCER AT A
( Actinobacillus pleuropneumoniae, APP) B BT 5[ 2 #9
—MENTFREER.SERFELENE KL
Fitk. BERHELAPP ELH ISAMFRT &
A~ [ 2 1 b DX R0 AT B £ 34 1l v LR S A ), PR
WHIZRT B A bR M. HAT, RE FE A%
R 48 = A (1/2/7 BOER 1/3/7 R KiF & e fT %
BRSO BT A TR MR AT -

58 & Apx(A. pleuropneumonice-RTX toxins) 4
APP LB # A A F AR EILE . AREH,
APP AT e 4 ff Apx B E LBl Apx [ \Apx [ . Apxl
A Aps]\ L IR I A APP R4 B Apx FRER R
HE L EE TR TS kg Apx V. HAT
BN Apx B2 r ik R E B Apx [ (Apx 1 7
ApxIl 7%, Bt TR Y — b6 W 7 3% 6 90 B A I
FERIEY APP. IbAh, EHAT Apx [ Apx [ F1 Apx I B9 $L
{Adif & APP FHYER SR NI B, X & 9 S Bk
APP LM H E M AHBEBWESBX =M FER,
MBHERITF (A, rossti) JEWRFTHE (A, suis)
LREHREMBERMEERELTE (A
porcitonsillarum } - . EIE, 8 % Apx T Apx [T F Apx
Dz hERREEE. AW, G A, Apx) &
APP FrRMEMSbE R, C A SE R AN T FRE,
MAREER FEMNTB, HBEFTLBRHENI
ORI RN ERRT AV HY
HRMSHR, HRARESYE VT[4 ELISA 77
. % ApxIVA-FLISA A {L o] LA R T & U Ff A 1 7
A APP 945 R ik, T A W LA T APP A SRR 3
BEXREEEREEWEN 2.

1 #E5F&%

1.1 ##

APP I i 1-13.15 R B E HE tk i B K H I Pat
Blackall ¥ #% ] Ross Bowles B+ B8 APP I 1.
2T HHHEAMALRENEEENRE. KB
FFH DHS« I BL21(DE3) Sy LR EH . pET-
28b A LR F R IT. pMD-18T, i # B . EX Toq
DNA B 48§ . T4 DNA # % 8 5 A% TaKaRa 24 A,
DNABREIKWEAMEWE LBETEMTEHR
42#) . Goat anti-porcine lIgG-HRP 1 Rabbit anti-mouse

Actinobacillus pleuroneumoniae, apxIVA, cloning and expression, ELISA, differentiating diagnosis

IeGIIRP ¥ B £ H Sigma A 7, BIEEIMFHA
(HPS) $47™ 8 X E R E (DNT™ Pm) KT H
(E. eoli) JEIRIERHEE (PRV) B4/ DR (PPV) |
EWER SRS G IER T (PRRSV) IS K& (CP)
MEPRHEFHE M A TR ERIF . L APP MF 1
HprAEREME R ATRSHLE 18 APPIFR &
RS . BB R =M 1.2 17 B KE
WHREMEM R MUER T REFTEEY (AR
B 7RIS Apx | JApxll Apxlll BN T8 EE™Y
BEMB) BALEZHHEA P8 Apx T -,
Apx [ % Apx[[-ELISA** " A A L ZHF 4l .
BERG A [ HE M B IR B (THA) A 2= M B E B oy FR 8
#-

1.2 Hi#E

1.2.1 3|#: B8 GenBank L APP [t 3 1 &Y apxIV
HEHFF(AF021919) i3t — X 5|9, iR A 5
SR AS X 2445bp M EX, M T T PCR HM T
Be, b . Flgs| aSEim— 1t Nde I B HindIl 88
Mg, i EdE TEM T RERAF &8,
SIFEFINT

LW G190 P1:5'-cgeeatalgagegacaatgeetttitig-3°

T #5140 P25 -cgeaagellacgaalgtetitateegteg-3” -

1.2.2 apIVAEAMEBESRARKOHE. 5
MYk 12] B ERET APPHRIEFREHLER
41 DNA IR, AEE WMl 2 5 APP &
N4 DNA A4, PCR 47 1 apxIV # I 5" mmiE X
apxIVAS. 50uL #) PCR S KL K & 7 & : L #L DNA
2uL, 10 x PCR buffer 5L, 25mmol/L. MgCl, 4pL,
2pumol/L. dNTPs 2uL, DMSO 5uL, 10pmol/L P1 H P2
& 2uL, Su/pl Ex Tag DNA Polymerase 0.25..L LJ 5 &
B T K27.75uL, PCR R &M KN 95 CTHEHE
Smin 7, EAT 35 TEFF (94 CE 1 405,49 STHEH
90s,72°C %4 3min) B J5 72°C Efl 10min, F DNA
B it 37 & FIWC PCR 7= 4, 5 81K pMD-IBT i
F& ¥4k K B FF B DHSo, 3K 15 3 40 JE %7 pTapxIVAS,
2 Kpn | GYIEEIG A Nde 1 #1 Hind |l 43 5B 7]
EH RR plapxIVAS 1 % ik ] (& pET-28b, [ ik
2445bp BY apxIVAS H B2 FI £8 #£ 1k 89 pET-28b, & T4
DNA M EED, %L X DH5, W R
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F R B E A TR pETapxIVAS, il Nde 1 f1 Hind[ll
B EE .

1.2.3 apxVAS S REMBETYHRE ¥
HH F LR B pETapxIVAS ¥ & K B+ @ BL21
(DE3), kLB E%E, T3/ CHEFENHERY
(0D =0.6~1.0),JMA IPTC ZLKE 1.0 mmol/L,
BEEEE T HEIE 3h, . AR RS O 8IE pET-
28b AL FAEXT IR, S HCH[13 JIRBa ik, A
BENENEAKE, BLOBIIEM0.2% 1+ "5k
ENEMANGE R AELR SRR A B H AR
HTEEME . AR EETNERREK
B, SAARAACRERRYE 1028 RAE
Ak Bt % JBE i 1T SDS-PAGE HL3K .

1.2.4 Dot blotting 4 #7 : B 60uL £ ¥ 4 12 8 55
TRHRRA 4 KL g L, B 5% pET-28b ¥ 1L B HF
WATE AR T®RE, UL pET-28b L ENBAR R
BIREHT APP I3 1 A9 bR A PR 4 o 38 (1:20) 5 —$,
X Goat anti-porcine IgG-HRP & i, #& (@R [14] %
T Dot blotting 5347 .

1.2.5 B APP M 1.2 F1 7 B35 B8 i i 4 (9
. BBEXBM[12] B BT APP B A
AR BT B TS ., APP LTS 1.2 F1 7
BASLL1.6x10°,1.5x10° 1.0 x 107§ & T 0.2
BeazERER/ R(WAMILEEFHEK), EL2E
w2 EARLEN Apx VA MIFLIE,

1.2.6 3 6 AR Bl 2 5 ¥ 0 L TS A ) & - BB
R 4 = RIEHAMERER R ERNTRES
FHMAYRES AR KA 4L BRE 3 Am
BAREIR. FTERE 2B . —®52AM4 AR
SR L, 4 B P

1.2.7 [B]# ELISA FEME Y DARRER S
1A 32 B 4 £, M AT AR ([R) i pET-28b ¥% fL I R
WX ) DA A bR PA A R I E R A B SS
PR, W M7 4% ELISA #E  iE R
47 T £, B o SE R ol 9 B R . R VR PR
L5 MR AR, 43 SRS B G PR % R 19 APP B 1 4 I ¥
(S SR i B BEC A 2 %52 1 L OC WA il R 9% 2 L THA
B0 A BF A ) | B R i R e Y R I 3 L RLHL 1.2
M7 R APP ¥ I ¥5, L R ¥§ HPS.DNT' Pm.E.
coli PRV PPV . PRRSV .CP (¥ 47 #E FH ¥ IfiL 1 -

1.2.8 3t H K A4 X E# M Apx [V A-ELISA
22 M E DR BT #Y APP THA 78 & , 47 & 3k
A6k Rl MERNREHZEHE 215 fmiFE,
W~ W RAEEMNFSR,

2 £X

2.1 apxIVAS MRS REHENGR

PCR 1™ 1 K Bt K /#4324 2500bp, 5 il it K/
(2445bp) — B (LB 1), ¥ PCR 7™ ¥ 3¢ (& 2| pMD-
18T, KB W E 4 B pTapxIVAS, HH M A BEHH
Kpn 1 (847 BL) VI JG, Fr BE K /4351 0 1639bp I
3498bp( W& 2), %80 PCR H KB R BN EN A
B, REHEHMAEIEAD pET-28b ) Nde 1 M
Hind [l 13 /5.2 8] , 15 B 4 B 4 3K 35 FiBL pETapxIVAS
% Nde I 71 Hnd IS Y15 . B0 R BRR/h 3 5 A
2436bp Fl 5315bp (W.E 3), F 1 apx [V AS R IE
AE T pET-28b

M 1 2 3 4

bp bp

2500— —2445

Bl 1 apxIVAS 5 PCR &5 %
Fig.1 PCR result of apxIVAS
M: DL-15000; 1 ~ 3: PCR product (apxIVAS); 4: negative control.
M 1 2 M

B2 FH A pTapxIVAS KBV E
Fig.2 Identification of pTapxIVAS by Kpn | digest
M (left) : DL-2000; 1~2: pTapxIVAS/Kpn I ; M (right) : DL-15000

M 1 2 M

bp bp

5000 —

2500 —
— 2000

3 FEIKFH pETapxIVAS R &
Fig.3 Identification of pETapxIVA S by Ndel and Hindlll digests
(left) : DL-15000; 1 ~2: pETapxIVA 5/ Ndel + Hindll; M (right): DL-2000.
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2.2 ApxN A %S %R ER Dot blotting 53 47

¥ pET-28b Ml pETapxIVAS 4 % ¥ 4 BL21
(DE3), %% IPTG # 5 #1 SDS-PAGE 77, %5 R & B,
£ pETapxIVAS BETHRBDPHA-ZKNY
90kD B E L, STMM Apx VA A FRME, X
FAEY L AMIEERXFARLE 4), Dot blotting
ERER KEFEWEES APP M % 1 BARYER D
HREFRERN(LES),

w M1 2 3
116.0— wee

450 s

35.0—

B 4 F41E 0 SDS-PAGE &5
Fig.4 SDS-PAGE analysis of recombinant BL21(DE3) clones
M: protein marker SM-0431 (MBI); 1: lysate of the BL21 ( DE3)
\ransformed by pETapxIVAS; 2: lysate of the BL21{ DE3) transformed by
pET-28b; 3: inclusion bodies extracted from the BL21{ DE3) transformed
by pETapxIVAS.

P45 Dot blotting &5 5%
Fig.5 Dot blotting analysis of ApxIV A
1: lysate of the BL21{ DE3) transformed by pET-28b;
2: lysate of the BL21{ DE3) transformed by pETapxIVAS.

2.3 (6% ELISA FEMBEM

2.3.1 FAEEBKERT . ABRERNELRETE,
ApxIY A EARIERBEIKRE R 2.97pg/mL,

2.3.2 RS A ApcV A-ELISA i8Ik H
APP B 1 ¥ 5 ( 6 B0 B i 22 95 ok S S 90 3o M Ao %
g H THA R W9 FA ) 89 53 i M, 3 0Dy 89
448 (mean) H 0.189, 4R AEZE (SD) K 0.049, H It
0 5 B A4 15 57 189 mean + 28D = 0.290, B 24 £ I
13 () 0Dy, > 0.290 B 3y B , 24 % W il 7 R
0D, <0.290 Bt ¥ R BATE

2.3.3 SR Al ApxIV A-ELISA 1 THA F 74
WK [ 6 ok BB 4 B 3 e 215 (il

WOEBNE I, AEPITLLEN, AR EERE
SRS %N 86.4% (102/118) , ABRNEER
79.3% (77/97), BEFEE N 83.3% (179/215)

£1 AFLELSARRBRMEAENZ LB ELBER
Table 1 Comparative results of the ApxV A-ELISA
and THA of 215 sera samples

ApxIV A-ELISA
Positive Negative Total
THA Positive 102 16 118
Negative 20 7 97
Total 122 93 215

2.3.4 SR#HRAE: A ApxIV A-ELISA &8 T 35 1%
yebE EERT S BIFEEMATE E-HERCRTA.
BABFE BWERKRE EH/MVDRE BRES
RO 45 A1 3 % A R B9 AR E FE P I 3 L BR APP
FRUEPHYE LTS ) 0D > 0.290 (s A {E) H A Mt
SFHTEAEARSHERRNIFEEREELER
0D, BI/NT Il R, MR (WK 2), RAREKI
FiLM ApxIV A BEE MR ELISA JF R 1%
R

#2 AmNAFLISA B RERARER
Table 2 Specificity of ApxV A-ELISA for APP

APP Positive sera for

negative
serum

APP HPS ODNT*Pm E.coli PRV PPV PRRSV CP

0Dgp ©0.087 0.960 0.050 0.073 0.095 0.014 0.106 0.019 0.03%

2.3.5 HH BB ARG EEREEIYE Apc BR
FiikR W . A Apx 1 - Apx I1 -, Apx [ -1 Apx IV A-
ELISA U4 B THA 4 I 0 %5 B B i g = £ K 35 B ¥
MERETEXEEEGE AR UK APP I 1 B
FEERLE APP I 1.2 F1 7 RE BB R /D R
M, RN E 3, WNERFATLIES, APP IEE
R F IR Apx IV A BL UK O FRHE, 0 A OK TS
HREI MK Apx[V A Wik R . B ApxIV A
Bk EE RSP AFE S 1 K2 B Apx
EE M, APP I TF 1| BIE R RRE AN R
B, Apx L #1 Apx 11 O HL AR 9 FAHE A, BT
BASEHGESESRERTERBWEN Apx
T .Apx I A1 Apx1ll Wﬁ{*.ﬂﬁ%ﬁﬁﬂ?zﬁﬁﬁﬁ
% 9 HE R BT AR BEAR -
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%3 MFEREE ELISA 1 HA £ W APP h WAKN L RER
Table 3 Detection of APP antibodies using THA and indirect Apx ] -, Apx I -, Apx K- and ApxIV- ELISA

Animal THA [LJ7Pe0S
Sera
No. value Apx I -FLISA* Apx [l -ELISA® Apx [l -ELISA" Apx[V A-ELISA*
APP negative pigs 1 1:2 0.123 0.169 0.074 0.090
2 1:2 0.152 0.222 0.167 0.113
3 1:8 0.099 0.182 0.166 0.087
a 1:4 0.136 0.142 0.203 0.145
Inactivated  bacterin  vaccinated
) 1 1:32 0.210 0.512( + ) 0.245 0.142
e 1 1:64 0.231 0.485( + ) 0.3210 + ) 0.126
3 1:16 0.197 0.603( +) 0.332( + ) 0.095
4 1:32 0.247 0.549( +) 0.378( + } 0.210
Toxiod bacterin vaccinated pigs 1 1:23 10260 +) 1.175( +) 0.961¢ + } 0.170
2 1:64 0.937( +) 1.008( +} 1.065( +) 0.105
3 1:64 0.982( +) 0.897( +) 0.885( + ) 0.119
4 1:128 1.128( +) 0.963( + } 1.109¢ + ) 0.090
Live APP1 infected pig 1 1:16 1.213( +) 0.994( +) ND 0.986( +)°
Live APPI infected mouse 1 1:16 1.008( +) 1.218( +) ND 1.182( +)
Live APP2F infected mouse 1 1:32 ND 1.222( +) 0.871( +) 0.967( +)
Live APP7" infected mouse 1 1:32 ND 0.864( +) ND 1.673( +)

a: cut-off = 0.3:h: cat-off = 0.4;¢: cut-off = 0.3;d: cut-off = 0.29;e: { + )1 (D > cut-off, indicating the sample is positive; {: APP1 = APP

serotype 1;g: APP2 = APP serotvpe 23h: APP7 = APP serotype 7;i: ND

3 itk

H g B8 i 43 B £% T PR (APP) 3| R 9 5 1% Bt B
s B o8 B — e T TR o ) PR R A
Fi. HTAPPHMFERNA ISHZE HHMEE —
R 1] £E 1) M0 T 2 12 WA B0 LA ) I R R 4 bk 0 A
HifliER APP MiTi{k. R X RBHMERL I APP ¥
B apxIVA 3 # 59 2445bp W R B, IF AR
BrEMEEMEER. B Tl I Apx IV A FL{E
M [E] 3% KLISA 778 (Apx]IV A-ELISA) .

HAMEMREAFES - MFERN R rBR =
MEEDH--FE R, BT L Apx I - Apx 1T -F1 Apx
Il -ELISA B4 i &8 55 54, A T x5 A s 8
APP ¥ #E MH XS HEEZKHAMEGE, WEK
HE . ABHES . #20 RIXEENX =HEER,
HS5HA Apx I JApx 1 . Apx I MEFEE R,
Apx T -, Apx II -F1 Apx[li-ELISA 5 X S BUR B M 3E X
BT . Apx IV A-ELISA 535 i) & R 40 B M1 A%
B0 A YAk I b E P MR ol W AT RN, R RIR S
A RIX BENMKBHE BRFEEXEXR
Wi(WL7 2), 08 ApxV A-FLISA R tER i, [

© PERFRMEMHARTYATKSHES htto

= no detection.

L, EIEHE-FIEH .5 Apx ] Apx[[ # ApxlI B
BARSERME AR, ApxIV & APP HEH RHEMHI &
F(RF3),1X 5 Schaller HH0IRE 3 . AL
1,28 7 8 APP RS m i M &, Al Apx IV A-
ELSA IR B @@ E N Apx V& (R E 3), 7
W, Apx [V A-ELISA AT LI FRAARARERK
APP B ik H % Apx I -.Apx Il - Apx Il -ELISA
BHEGFHYERE. BT, Dreyfus FEFRTHLUM
LTRER"

HATHE A ApxV A-ELISA 8 T K iG B f &
A APP [EE R G WE) Apx IV A B L E LK,
Hut T T SR A AR KERE RS
PR Apx IV A PR M, T APP FHE B E Y
I ApxVA B F P (LR 3). 2 £2H
H ApxIV FL7E SRR G ¢ (& A 43S, 7l R 05 B
B AR EGH Apx [V, M AT A M B A APP R 5
WaAE ApxlV . H T E B E{E K8 R
MAFEE R APP I 2 M7 BRI REHEN AT,
AL 1.2 F17 K APP BB g M (5 F0 /N B R A4 8
AT T AT i . X HOR B E S, Apx [V A-ELISA
Al DUA T X A0 15 S 1 8 R A 4R R IE R i e R sh A
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HERLNY.

8 L TR, Apx[V A-ELISA R {X AT L) F F & 1 B

AmE R APP A9, T 2 AT LLAT T35 1% 4 1 B
iR KIER M R RFERLIYHLE L
Wi, AP ET A ApxIV A-ELISA A B fF %L
MO D ERRTRE T ETHBRAT R,

REFERENCES (8 £ 3t %t )

(1]

P
oo

~

LAt at Sal At St CaN Kot at Ca SaVtal Kol halt Wat Ul Wot £oN Pl £atvaY

Rohrbach BW, Hall RF, Hitchcock JP ef @f . Effect of subclinical
infection of FHaemophilus pleuroneumonige in comingled feeder
swine. J Am Vet Med Assec,1993,202:1095 - 1098

Blackall PJ, Klaasen HL., van den Bosch H e al. Propesal
challenge of a new serovar of Actionbacillus pleuronenmoniae :
setowar 15 Vet Microbio, 2002 84(12) ;47 — 52

Lu ZX, Zhao P, Shao YD et af. Study on the inactivated trivalent
vaceine against swine infectious pleuropneumoniae: seiection of the
seed strain, preparation and safety trials of the vaccine. Chin J Vet
Scie Tech, 2002,32(3): 7-9

Frev J, Nicolet J. Immunological properties of Acionbacillus
pleuroneumontae hemolysin 1. Vet Microbiol , 1991,28:61 - 73
Schaller A, Kuhnert R, Nicoll J e al.
apxIVA,  a RTX
pleuropneumoniae . Microbin ,1999,145:2105 - 2116

Lin JEABA ), He QG{/ R E ), Chen HC{BF1B &) e ol

Cloning, expression and establishment of the ELISA detection

Characterization of

new determinant  of  Actionbacilfus

method of the apxICA gene of Actionbacillus pleuropneumoniae . Scie
Agri Sin, 2004, 37(1):148 - 151
Leiner G, Franz B, Struzberg K et ol A novel enzyme-linked

immunosorbent  assay using the recombinant  Actionbaeilius

plewapneumoniae Apx [} antigen lor diagnosis of pleuropneumonia in
pig herds. Clin Diagn Lab Immuno, 1999, 6(4) ;630 — 632
Chen HY (BRI PR}, Lin JF(XIH R ) . He QGUIT B ) o af,

(LN

(10

[11]

[12]

[13]
[14]

(16,

{172

© i El |

MA!,A!!A_!M_“;

Cloning and expression of the apxIHA gene of Actionbacilius
plenropneumoniae. Acta Microbio Sin ($4£ ¥14 3R ), 2003, 43:
324 -1329

Gottschalk M, Broes A, Mittal KR et af. Non-phathogenic
Actinobacillus isolates antigenically and biochemically similar 1o
Actinobacillus pleuropneumoniae : a novel species? Ver Microbinl,
2003,92:87 - 101

Xu XNERBEMH), He QG(IEE), Xu CY(REE) o o,
Cloning and expression of the gene apxlICA of Actonbacillus
plevropreumonise  and  primary  development of enzyme-linked
immunosorbent assay. Chin J Ver Sei, 2004 ,24:335 — 337

Lo ZX(GZ2BHT) . Lu BY (S L), Zhao P ). Detevtion of
swine pleuropneumoniae with indirect haemoagglutinalive assay.
Lhin J Vet Scie Tech , 19992925 - 27

Christopher T, Lesley P, Jolanta K. Protection of mice against
with serovars  of

challenge homologous  and  heterologous

Actionbacillus  plevropneumoniae after live vaccination. Current
Microbiol , 1998 ,37:324 - 332

Marshak DR, Kadonaga JT, Burgess RR e al. Strategies for
Protein purification and Characterization: A Laboratory Course
Manual. New York: Cold Spring Harbor Laboratory Press.1996
Sambrook ], Fritsch EF, Manatis T. Molecular Cloning: A
Laboratory Manual . 2. New York : Cold Spring Harbor Laboratory
Press, 1989

Schaller A, Kuhnert P, Puente-Redondo VA er al. Apx toxins in
Pasteullaceae species from ammals. Vet Micrebiol , 2000,74:365 —
376

Frey J. Virulence in Actionbacillus pleuroncumonine and RTX
toxins, Trends Microbiol , 1995,3: 257 - 261

Drexfus A . Schaller A, Nivollet S et al. Use of recombinant Apx [V
in serodiagnosie of Actionbacilles pleroneumoniae  infections.
development and prevalidation of the ApxIY ELISA. Ver Microbiol ,
2004 ,99:227 - 238

By

ourna

s
£at Cal dal vk SLELLPLLPRE PR L] ]

im. ac

cn



