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M5 3 2S4Sk I 8 3 T Sk 34 A A 2 o4 it
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Table 1. Strains and plasmids in this study

No. Strain or plasmid Description Source

1 pGEM-TEasy Vector Cloning vector Promega Company

2 pIB279 Containing SacB plasmid Academy of Military Medical Sciences
3 pBK-CMV Suicide plasmid Strata gene Biotech Company

4 DHS5a Escherichia coli competent cells Dingguo Biotech Company of Beijing
5 A19 Brucella abortus strain Institute of Veterinary Drug Control

6 2308 Brucella abortus strain Institute of Veterinary Drug Control

1. 1.2 FZEiRK5: Brucella Broth % 7% 3L Fl Brucella Agar
BRI A 2 E BD A ], By 3R AL 7 2 Ok
(16 1; Taq i+ dNTP.PCR mix ¥ B dt 57 JF W 4= ¥ 35
ARABE 2 w5 BRAIYE N DI B Fermentas 2y W ; it
WL BORURE RIS 7 & W H Promega 24w o Al & K
VR 5 R I G I 42 ) o o0 A B 0 AT 5T
N R R R R E Sigma 2 1
1.1.3 SEIE#4:BALB/c M Bl A B 8L 5h ¥
WF5T oy, VF Al AE 5 SCXK () 2003 - 0002,
BALB/c M Bl 47 F% T 7 98 K 5 8 AR BRI 6y 47
B2 W) = A ) 2 4 S A R 0 R 2 HL
1.2 51

W 4E Brucella abortus ] VirB12 #: K] (ORF12)
J¥ %1 ( GenBank, AF226278) Al SacB % [ J3* %
(GenBank, NC-000964) ¥ tFAH M. 514, W3 2.
1.3 BRENHE

LLOAT9 I [N 41 05 #E 4R, LL VirB12-S+ A

VirB12-S-R 4 54 PCR ¥ # 15 4 [C 1 VirB12 5 Al
b R YRR DL VieB12XF F VirBI2X-R 4 5] 4
PCR §" 14 VirB12 J& K R i [A) Y5 B 5 LA pIB279 Jit Fi
(% SacB LX) FE R4 4 # 4%, L SacB-F F1 SacB-R
3519 PCR 14 SacB JE[A . ¥ PCR 438 Jy Bt 73 il
5 pGEM-TEasy # A 1 $, # 46 i 1& - PCR %5 53¢ [
P v B 5k, B pT-VirB12-S. pT-VirB12-X Al pT-
SacB Jifi fi, 16 LG 98 R AW A\ W ¥ e Sal T AN
BamH 1 [A] I} XU 7] pBK-CMV #; {& F1 pT- SacB 7
W TR, 44k R SacB J Bt 5 p BK-CMV #% 44
B B Ak, 97 3% B PE 3 41 ik pPBK-CMV -SacB,
XUEEY) & PCR (SacB) %7€ . S ik 5 BAK K
VirB12 PR i [ 9504 R0 3t ) 95 R 3% % #1) pBK -
CMV-SacB & 41 Jyi #i L, 4> 5 . ] BamH 1 /Xhol.
Xhol /Xba 1 XU Y1) F1 PCR 77 ¥ % & 07 %k T 41 iUk »
315 B AR R pBK-CMV-AVirB12-SacB .
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Table 2. Primer sequence
Primer Sequence (57 —3") Size of amplification or amplification product/ bp  Restriction site introduced
VirB12-S-F ggatcc TGTTGCTCTTTCTCTTTGTCGTG 2300 BamH [
VirBI2-SR ctegag TAACCAATGTGCGCATT Xhol
VirB12XF ctegagTGGATATCGAAATTTTA 2030 Xhol
VirB12XR tctagaAGATGAGGAAACCAGA i Xba |
SacB¥ gtegac ATGAACATCAAAAAGTTTGC 1422 Sal T
SacB-R ggatcc TTATTTGTTAACTGTTAATTG BamH [
VirB12-F GTCAGCTTCTCGCCAACACAAG 713 /
VirB12R CGTCGGA ACCGCT CTATAGGTC

1.4 A19-AVIrB12 RETHMERFHELE

Z R 07] D7kl 4 A19 K2 &40, ¥
B 4 Ji ki pBK-CMV-AVirB12-SacB Hi i % b 5] A19
JEZ AN M b, T R AW T 37°C 180 r/min 4
Bk 24 he BN M E T 50 KB &HE R
(kanamycin, kan") (50 wg/mL) fA7 [G B i 1% 7%
W t,37°C 5% CO, 2 TR 9% 3 do PRICT B L 5%
67 F 37°C 250 r/min 3% 3% 55 95 48 h, iE YRR B
FEW) FEURAT TIN5 % RERE (A7 1C B IR 15 97 25 7 B
L37CH 9% 4 do SRR B KW B Y% BL VieBI2F
A VirB12-R R 51 #E47 PCR %5, K PCR %5 IE
iff 149 BH R 181 V% iy 44 O A19-AVirB12.
L5 FhlE

A B R K O3 R A I Bl B gR AR B RE R 72 h
1) A19-AVirB12 F1 A19 (35 FR W)Uk T » Wi B Ji BF 22
TS 10 44 CFU B (% 6k 0 18 I 7)1 S 4 3 20 -
22 glf) BABL/c /NEL % 5 H, 4 H 0.2 mL, 14 d #%|
A% JG T MR U, BREE, K TR PBS A I G L
s 43 4 JE 12 100 57 B R 12 10000 A B i 2k
ITAN 3 3 < 1h H. o 508 L BALB /e BB o LI
(1) 2 W & (CFU/g) R HUIL 73448, SPSS 11.5 B AF, t
Krat (P <0.05) FEAT G ih 253 #T o
1.6 HZERPME

110 H 6 J i I MEPE BALB /¢ W, BENLZ 4 3
4l. z Woacwk (181 J7 v, 7 5l ¥ A19 Al A19-
AVirB12 L) 5.0 x 10*CFU/ JLJig s 8 #h BALB/c .,
B A19 41 (36 H) +A19-AVirB12 4] (38 ) . PBS
XFHEZH (36 K1) 5 0.01 mol/L PBSI. 0 mL. %y
J5 B JE A4 E 3 L BALB /¢ BUHR ER SR 1ML, 43 55 1135
Rl e % bt Ak. B 45 K, 2308 bk DL 3.0 x
10°CFU/ H 7 B 085 Bi 45 BALB/c Bl B0a 5 48
15 K G v HUBUIE » PBS BIFBE 41 181 73 25 JF 14 V% v 40

TH5 BALB/c e B 45 2, W H] SPSS 11,5 B ik
1777 ZE R B GE v 2 o T
1.7 VirB12 Z& H#J Western blotting X F
PAZiAL 1) VieB12 HZH & I AE AP, KL 1.6
I3 B BT o —$i, BLb Bt i HRPgG o —
HUREAT Western blotting 43 #, X 56 J7 V& Al 20 R 2
ik 0917
1.8 HLAFEEHL
o B G A 15 R BALB/c i, Z E 8
[f] 52 A19 2H.A19-AVirB12 21 F1 PBS X} 2 BALB/
o SUHIE AT A 2o 20 2R M 7K < o I < 3 et 34
R TTVE T A& A D) s HE B (0, B A, W 52 41 21
i B AL AL o

2 g

2.1 B XEf pBK-CMV-AVirB12-SacB & fi§ 1]
¥E

H Xba 1 F1 Sall XUEGY) B % FUKL 43 2] K /N2
b 5750 bp ) DNA 477, % 4% 47 5 SacB 2k A FI
VirB12 FE PR F R U 7] V5B v B oK /0N 1) B 08 B AH £
BamH 1 F1 Xho 1 XUV H A& FUkL, 15 2] 25 24 2300
bp ) DNA 4577, 5 VirB12 JE A F i R 95 5 Bk
ANER B S B AR 45 ] Xba 1 A0 Xhol XUEE 1) A 4% 5
ki, £330 5 VieB12 K& KR Ui [A) U6 B DNA 4647, B
KN 2030 bp 1) H I BEAHSAF ; BamH T Fl Sall XY
WYY B A kL, 49 ) 5 SacB K P FE IS E M AT K
1422 bp ) DNA 457 b (1) XU 1) 552 56 56 F 74
1 B 7 JFoki pBK-CMV-AVirB12-SacB J& 5 4> 1F 1 19
(K1)
2.2 A19-AVirB12 T # 8 PCR £ &

A19-AVirB12 SAZBR 1) PCR 438 H 1% v BEK /D
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5750
2300
2030
1422

1. B & &% pBK-CMV-SacB-VirB12 fig ] &£ &
Figure 1. Identification of pBK-CMV -SacB-VirB12 by restriction
enzyme digestions. M1, DNA Marker V[; M2, DNA Marker IIl ;
lane 1, Products of pPBK-CMV -SacB-VirB12 with Xba [ and Xhol
digestion; lane 2, Products of pBK-CMV -SacB-VirB12 with
BamH 1 and Xho I digestion; lane 3, Products of pBK-CMV -
SacB-VirB12 with BamH | and Sall digestion; lane 4, Products of
pBK-CMV SacB-VirB12 with Xba | and Sall digestion.

5 236 bp, A19 Bk PCR 54 H 5 )4 Bt 4 713 bp (&
2).

1 2 30M bp

bp — 2000
713 — — 750
236 — — 250

2. A19-AVirB12 R #87 PCR £ F
Figure 2. Identification of A19-AVirB12 mutant strain by PCR. M, DNA
Marker; lanel, A19-AVirB12 mutant strain; lane 2, Blank control;

lane 3, A19 strain.

2.3 A19-AVirB12 T4k EF H N E

S5 A19-AViIrB12 Fil A19 L) 1.0 x 10°CFU
JIG Ve 1 5 BALB /e B, 15d J6 T HOMR I 23 29 A &
RO o K 3 45 R AT9-AVIrB12 548 ¥R &F v J I
WHEALT 1.0 x 10°CFU, £ 1 A19-AVirB12 5748
R 99 5 ko SPSS 11.5 BRAF 11 t A 50 £ W], A19-
AVirBI2 [ s EIE 8 B S A19 2 R B E (P <
0.05), KW A19-AVirB12 Frit ¥k /195 T A19 Hf.

% 3. A19 #RF0 A19-AVirB12 #k&F H M E
Table 3. Determination of virulence of A19 and A19-AVirB12 strains

Mean weight Number of bacteria per
Strain Inoculation method CFU of inocuation Days postchallenge/d

of spleen/g gram spleen/ (CFU/g)
Al19 Inguinal injection 1.0x10° 15 0.26 2.61+0.32 x10°"
A19-AVirB12 Inguinal injection 1.0 x10° 15 0.22 1.97 £0.20 x 10°"

The difference between data with the different small letter within a row is significant (P < 0.05) .

2.4 A19-AVirB12 % i& /RGN

Kl 3 45 B & B, A19 H1 AI9-AVirB12 4 J
BALB/c B G875 ‘3 20 W) WA 7= A fo 2 N 255 A9
5 A19-AVirB12 %% Hi /A 7F BALB/c 84 W K il £
BEREARA—SLRAH BN ZER. 105 2 M L
WP, 28 3 25T 4 J DU BE 4 FF A2 B m K F
B G PUARTGE N B, 58 6 R 2 7 APk /K P T
1:50 Bl FEAKS AN 2 4 (B 3) o

——A19-AVirB12 group
1:800 ——A19 group
—— PBS control group

1:400

Antibody

1:100

t/week

B 3. & KA = H R E K i 2%

Figure 3. Specific antibody response curve of Brucella.

2.5 HRERRIPH

A P AE A 20 (WHO) 1997 4E i 58 T Al 5
AR S AR 7 BE T 10 A fE S R B B0 B AR S AR T
IS TE) P /) Bl R P U D 28 T R AR A A Y 2 v R A
it B o Me# S 5 15 K E R BALB/c B, &
PR IBUIIRUE 23 5 40 7 . SPSS 11,5 B 77 22 4 5 4y
MW, A19 E W41 5 A19-AViIrB12 % I 7%
Pz M EZR A EE (P>0.05) . A19 4
TS A19-AVirB12 4 5% W 2 41 F1 PBS %} #
Pz etz 7 2% (P<0.05) . A19 4] (n
=15) 45 3 H BALB/c BB WE 43 25 2 A & 1K 1 -
A19-AVirB12 4] (n=17) 5 4 X BALB/c F I 4>
BEIAT S KR PBS XF M4l (n=15) 1 15}
BALB/c ¥ B 2/ & K. £S5 4 HEHK
# 15 d J5, A19-AVirB12 5 A19 FE % 17 & [ 4
2308 B bR A BLUF I R PR P T, A19-AVIrB12 FBE
M R4 5 A19 BRAH .
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%£5 BALB/c RABRPRBLER
Table 5 The results of protective immunity in BALB/¢

Group Number ofBALB/c brucella of 2308 load log (CFU/g spleen) Ratio of isolationbrucella in BALB/c
A19 group 15 3.445 £0.207" 3/15
A19-AVirB12 group 17 3.022 £0. 165" 4/17
PBS control group 15 6.156 +0. 325" 15/15

The difference between data with the different small letter within a column is significant (P <0.05) , and the difference between data with the same small

letter within a column is not significant (P >0.05) .

2.6 VirB12 E4H % H Western blotting £ F
a4l VirB12 & 41 & 1, & SDSPAGE #

Western blotting 73 #7, 45 3 B /8 VirB12 41 & A 7]
5 A19 P v S e 1/ IS RO, R N

1 2 3 M

kDa

—130
—95
—72
—55
—43
— 34

— 26

23 kDa—

[ 4. VirB12 & H B9 Western blotting 4 #f
Figure 4. Western blotting of VirB12 protein. M, Protein
Marker; lane 1, Negative control (PBS) ; lane 2, Al19; lane

3, A19-AVirB12.

PBS control groupA19

spleen :

liver §

groupA19-AVirB12 group

4

23 kDa [ Sk H & 45, VirBI2 4 & A 5
A19-AVirB12 Fil PBS % 1) /15 § I ¥ 35 A J B ([
4) , g5 R W] VieB12 FALE (1 H A R UF 1 VR
Alﬁo
2.7 HHAFETK

A& TG A 2308 5 #5 Bk B #E PBS X IR AT A19-
AVirB12 4 9% 41 BALB/c 5, 15 d HUAF 0 F0 A5 Uk gk
AT B R4 U) b A, 45 R R W], PBS X R B0 41
49 U R0 L A19-AVirB12 %28 I35 21 5 W 15 (1
JEHLARfk . A19-AVirB12 % B 7 41 BALB/c § 11
JUE R B A 0 D /N R S i 3% 5 I 5, BT AN R A AR
K ORI A 5 PBS ) [ 20 B 240 BALB /e UM A HY
I 22 AN A0 M5 T 40 B 38 43 DX 3 B0 9 4 iR
P K 5) o i F AL U] v 45 Rk — D R W], A19-
AVirB12 % v B AT BUF I e 3% R 97 7

& 5.2308 F kW F BALB/c RHIFFRIBLELYF (400 x)

Figure 5. Histopathological changes of A19-AVirB12-immunized mice after challenge with 2308 strain (400 x ) . Al:

The spleen of PBS

control group; A2: The spleen of A19 group; A3: The spleen of A19-AVirB12 group; Bl: The liver of PBS control group; B2: The liver

of A19 group; B3: The liver of A19-AVirB12 group.
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3 Wik

EI A S & I A 65 B TR 0 1 7 98 B b
FEWT o WREETE LW A1 BRAE B VA A AT KRR S
THIH A B S B RS o AN FT L AT9 Ay S AN Bk B T
[Fi) Y5 B 2 5 AR O6S A9 i P B S it oS0 S w R T AT
PG DY B 23 W 2R 48 (T4SS) wf VieB12 JE N, 3575 T
FLAT A 5 I B 2 W bR a0 1) AT9-AVirB12 b id 4 1
B S 7 DX 43 Bl AT G g5 R B AR IR 1) 2
W7 5 B e T HLR LA

A FCTA (1 IV B 23 W & 28 (T48S) J& 4k fig 2 H
ZJE XA KRB B Iy R, T4SS (12 A 1T
JE A 1 1) 2 81 1 B A W) 5 AL VieB #5901 G 15
A& QWK T4SS, 5 A0 & KR 40 i AR A A
5 P9 TASS FeAE £ K K I BE U AT 5 1K B TE A AL B
AL P 1 i N 2R AF . VirB12 8 & e VirB12 g
K — M & KEmEEEmMED 2 TEAR
17 kDa, fE41 16 5 1 10 AH B AEH ol AEH . F R
E B VirB12 76 4= Bl AT 8 [ B e oo — Tl B 92 I
PEHE 1 T HL 23 DR A ) LR g 2 b A 1 1 i
P RIA, HAE TASS HIF R B &A™ .
ABFFCLL A19 #K A 2 I, AT9-AVIrB12 5848 Fx f i
BALB/c [, ft # 7K ¥ K W 25 2 3 B, A19-AVirB12
FRAZBRAN A19 BEAE BALB/c FUAA 9 #5815 5 LA ™ 2
T RBENE T A S 9% N o 55 R A P RE AR
0] G 3% 25 5« Western blotting 43 #7 33F — 20 IF iH
A19-AVirB12 # % %5 /N BUAS 77 45 VirB12 45 5 4 Bt
M, T HL B A9 1) VirB12 JE PR 36 4 92 gt P G B
. WFIT 45 g — D UF ] VieB12 W] AE 4 A
995 L3R 27 A I bR Ad Pt s, O AT9-AVIrB12 by id %2 i
PR BRI 5 I B A3 1 Rk 2% 1 B0 AR 4T o

AT B T B — P P R G A T AL AR P B
A TR TR B T o DR M S Sk e AR BIE ST AR R AR
Reah R R AI9-AVIrB12 5 SE A RR A19 ) B 44 1%
Kl — 80, 1gG 11 & & Bl 5 S 252 I 1) 119 48 K
1M 38 A7 A B8 AT9-AVIrBI2 5 5 7= 2E 1) 1gG &%
A ORARR AL9 A, 7R3 6 I HUA K EAR T 1:25
BHE AR WA B ik WFICR W 725 6 J5 S19 $&
Tofr 10 /N B A 65 B A T A 7 A i 1 A M 92 I
N DR AT AT B R B RS SR 45 K
(356 =7 J&) X % () BALB/c RIBCH K IFH A19-
AVirB12 SEAZ BE (1 S B AR 47 280 0 o S5 45 AR W

W& 15 d J5, 5 PBS X B4 A Lk, A19-AVirBI2 4
R BUREALFN A19 %o s LEE AL wd PR 4R 5 2 7 W 3
(P <0.05) ,{H A19-AVirB12 4 32 ¥ % 41 fl A19 4
PEBCRR AL 2 ) (1 e BR AR B AN W3 (P <0.05) .
SEHG 45 R U] VieB12 8 H B 8K LA g A19-
AVirB12 5 1 FE 09 S B AR 9 20 )7, A19-AVirB12 58
AR BRRE 5 3/ B A S TR AR A0 A S .
JUEA L NE s B 4 2R U0 R a5 AL — P SE A19-
AVirB12 5 A19 BRXT AT & KB 2308 3 #R 3 H A7 R
WP ST, T B A19-AVirB12 £ (1) % 92 {4 3
715 A19 BRAH 2

g b BT, AW A19-AVIrB12 8 48 K 7E
BALB/c B A& N T J) PUA K1) 7 F0 4 i Ok
R E S BT W OR A19-AVIrB12 58 AR fk
7t BALB/c BAA W 75 A7 It BEAIC, %o 9% OR 47 20 ) A5
BALB/c WAKN HRAHIK A1 LR FER. YL
RS A 1) AT9-AVirB12 i v bk ] BLR A & B i I
TH T VEEAT IX 4 8 R B B R g 1 G i » O A IR
BRI AR I W ) — I o SR i T BOR S8 (B A9
AVirB12 G BRAE LB W) 7K P b 9% 2% J7 W] 38 75 I
FEZ) A N B A0 S 95 N 25 T Tk — 8 PEAN UE S .
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Construction of Brucella abortus A19-A VirBl12 mutant
and evaluation of its protective efficacy against 2308 strain
challenge in BALB/c mice

. . .1 1 2 . 1 . . 1 . 3
Xinping Yi , Feng Ye , Gang Yao”, Wenxi Gu , Xiaojing Ma , Dongling Wu",
. 1%
Qi Zhong
" Institute of Veterinary Research, Xinjiang Academy of Animal science, Urumugqi 830000, China

? College of Animal Medicine, Xin Jiang Agricultural University, Urumuqi 830052, China
* Xinjiang Tiankang Animal Biotechnology Co. Ltd., Urumqi 830032, China

Abstract: [Objective ] A19-AVirB12 deletion mutant of Brucella abortus was constructed by using homologous
recombination technology. BALB/c¢ mice were vaccinated intraperitoneally with the mutant to evaluate protective efficacy
against Brucella abortus 2308 challenge. [Method] A SacB gene was amplified by PCR from pIB279 plasmid. The
sequences upsiream and downstream of the VirB12 gene were amplified by PCR from Brucella abortus A19. These three
PCR products were subsequently inserted into pBK-CMV vector, namely pBK-CMV-SacB-VirB12. This construct was
transformed into Brucella abortus A19. The A19-A VirB12 mutants were obtained by Kan"and 5% sucrose selection. Six—
week-old female BALB/c mice were distributed into three treatment groups, includingA19-A VirB12 group, A19 group
and PBS control group. BALB/c¢ mice were vaccinated intraperitoneally at a dose of 5.0 x 10°CFU. At the 45-dayspost—
immunization, all of mice were challenged with 2308 strain. Fifteen days after thechallenge, the levels of infection were
expressed as means of the logl0 CFU/spleen values. The histological changes were assessed among the groups. [Results]

Compared with PBS control group, the A19-A VirB12 deleted mutant had astatistically significant protection against 2308
challengesimilar to A19 strain. Western blotting showed that A19-A VirB12 mutant did not express VirB12 protein.

[Conclusion] The A19-A VirB12 deleted mutantelicits a strong protective immunity, and may becomea promising vaccine
candidate.

Keywords: Brucella abortus, A19-A VirB12 mutant strain, homologous recombination, protective immunity

(AR SC5e 4 £ J5)

Supported by the High-ech Development Project of Xinjiang (200911109 ), by the National Science & Technology Pillar Program
(2012BAD13B03) , by the Postdoctoral Funding of Xinjiang in 2012 and by the Special Fund for Agro-scientific Research in the Public Interest
(201103008)

" Corresponding author. Tel /Fax: +86-991-4844713; E-mail: yyyzqok@ aliyun. com

Received: 14 March 2013/ Revised: 10 May 2013





