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Analysis of Its Virulence Phenotypes
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Abstract: To evaluate the virulence roles of vjbR, the mutant and complementary strains of vjhR were
constructed, and their survival capabilities in macrophage and mice were assayed. By using homologous
recombination, the vjbR (BMEII1116) was replaced by kanamycin gene, resulting the deletion mutant
16MAvjbR. The ORF was PCR amplified and cloned into pMD-18T, which was transformed into mu-
tant strain to generate the complementary strain 16MAvjbR-C. The three strains, 16M, 16MAvjbR and

16MAvjbR-C, were used to infect macrophage and mice, and their survival capability were assayed and
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compared. The vjbR mutant strainl6MAvjbR showed reduced survival in macrophage and mice, indi-

cating that vjbR is a virulence gene of Brucella, and is essential for establishment of choronic infection.
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B IE, I LA AT I 400 A/ B PN A9 77 T
(WA
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1.1 w7
111 EH. RAHEARES|Y: FAEREAREEE
(Brucella melitensis, 16M) N AR ZR-TF; KHFF A
(Escherichia coli, DH5a) N AR ZE£47; pUC19K JFik
NAR AL FR, ARG BT 5 4 LRSI 1,
1.1.2 EFZERXF: PCR Wy I & . DNA JiK [a]
WO & M R AR O R & W - Promega 23,
B FPBR AR N VIEE [ TaKaRa 23 7], T4 DNA %4
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Table 1 Primers used in this study
Primer 5|4 Primer sequence (5'—3")5| 417 %)

ACGTGGTACCGAAGCACAGGCCGA
BMEII1116-N-F AACGC

BMEII1116-N-R ACGTCTCGAGTAGCGGCATCCTATTTCA
BMEII1116-C-F ACGTGTCGACAATCGCCGAAATCCTCAG
BMEII1116-C-R ACGTAAGCTTACCGCCTTCCATCACCCTC

ACGTGGATCCCTCGAGGGGCCCGCCA
CCTGGGATGAATGTC

ACGTGTCGACTCTAGAGATATCACGCGT
CGGTCATTTCGAACCCCAGA

BMEII1116-1-F AACGCAGCCATGCCATCA
BMEII1116-1-R  TGATCTCCGGCTGGTTGA

Pucl19K-F

Pucl9K-R

1.2 REZMHE

R4 vibR(BMEI116) K W0 i) J3° 51 3% 34 18
N ¥ A1 C i [AJEEF 19514, N %i: BMEIT1116-N-F #il
BMEII1116-N-R, 5'¥f {7 54 Kpn 1F1 Xho 1; C
Uii: BMEII1116-C-F #l BMEII1116-C-R, 5'3i /i)
JSON Sal 1A Hind TI1, LA 16M JE R4 AR, B
P1g wbR P N I [F PR, JF R A6 A F
pUCI9K #J Kpn 1T 1 Xho 1 £ 5, 75 % F ki
pUCI9K-N; #RJ5 ¥4 C i [a] P, O 4 A %
pUCI9K-N #Y Sal T Fil Hind TII v 55, 5554 KA
& N-K-C % 48 8 & pUCI9K-NC . Jit #i
pUC19K-NC ¥1k DHS5a, % PCR FIff )% IE 62
Je, BT 7
1.3 BRERTHRAIIDE

B o AR B R pUCI9K-NC HL B A 6
[ICH 16M BB g, ZoERm T RIhitE
TSA F-Hr, 37°C 537 3-5 d, eyt sake. 209
A0 F H i 3 B A BT 5L 0 4K E 5
(BMEII1116-I-F 5 Pucl9K-R 414 ; BMEII1116-1-R
5 Pucl9K-F 41&)¥HPith va it 7 #i7% PCR X &E,
[ L 16M B AR RRAE xR 5 puie L 5 45|
WG BEY B WU K/ B, A MR Y
BB, W 5 AR RS TR AR, 75 2 09 2 T Ak
4 16MAVjbR .
1.4 EiMRABIHEE

LA 16M K 2H Ry #iti, F514%) BMEII1116-N-F
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il BMEII1116-C-R 734 vjpR LK (BMEIL1116)/
ORF J HAL & 5 87 1) DNA H Bt, PCR =4 [al i 4l
fbJ5 5 pMDI18-T #hikiE £z, H & = W54 4k DHSa
BZ A AT B EA AR T-1116, 2 R PP
IR, MY 5180 T PCR %@, % IEH Gkl
JP /T
1.5 EiMREIMEE

¥ T-1116 JFiki DNA HLEL AL A& [ 8 A8 bR
16MAvjbR B2 S0, 905 A & A 50 mg/L
RIREEZE N 100 mg/L 287N % % 1Y TSA ¥4, 37°C
Kig% 3-5d, TidkbitE s, H51% BMEIN1116-N-F
F1 BMEII1116-C-R X401k w47 7% PCR %48,
[ LA 16M B2 Bk AT 16MAVjBR S8 738 bk Jp b R, 45
BED 38 R U /N R B, B = AT I R A A
759 3] ) H 20 TR AR A 44 0 16MAYbR-C,,
1.6 RMANHFEFEXR

JT74A.1 Z0ME(1 = 10°)7E 24 FL 40 M 85 37 e 1%
7% 16 h JE M Z400E, # 16M. 16MAvbR Fl
16MAV;BR-C L) 50:1 () MOT ({24 Lt i )5 G 40 i
24 fLMr, Z ¥ 1000 r/min 5.0 5 min, ZRJG7E 37°C,
TUFTREEEF 5% CO, MG 45 min, ] PBS Ut
BN LB AR B A A AN, JF HAE S 50 mg/L
KK #Z Y DMEM/F12 B33 3L R F0F 60 min K
RACHIAME; PBS EEE 3 UK, KR 55 5L 100 PR AR Rk
JERE R 25 mg/L; TIEE G RARFB 0, 4. 12,
24 48 F1 72 hy LB, PBS 0k 3 A M 0.25%
FG) R R T i S A e, X Al AR R AT TR, SRS
0.1% (V/V)H) TritonX-100 Zf A0 A, R H B PN 18T ;
B SRS 2 B LUG T TSA SEAR, 1154 CFU, 1
B 16M. 16MAv/bR il 16MAvjbR-C 1 [ W41 g
MAFERE T . AL 3 K, HHETFHE,
1.7 NREAZEH

e 6-8 JEI#% Balb/c /MR, BHMLT K 4 4,
230 H, 43918 16MAvbR S75 8k 4H . 16MAvjbR-C
HAMRAL . 16M BF A BRI AR BHEER K BH X IR A
YT 5 x 10° CFU/H ., AR BRER K ALR YL 5
200 pL/H o BRYLERA Ry HE R T 4, BRI B 1
Wo TERREAFRRAQ. 3. 7. 14, 28 d),
ASBFE SRR 5 FUNEL RSB/, AT
TG B A . MESITA T mL 0.1% Triton X-100
A BEER K, FHBEIS A1 AR M RS 0, I 4150
AT 10 5 RPN RE, HBOGE 7B E AR
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100 pL ¥ TSA V¥4, 115 CFU,

2 iR

2.1 B ERITEH pUCIIK-NC RAIHIHE

HELL 16M 254 Ik, PCR 14 vibR
FERP N U R UEE, BKZS R BoR i3S h K/N e
449 bp B H B R B, 5HUHIRY K/N—B (K)o, X N
sift [) RS 64T Kpn 1 F Xho 1 BURGYT), 5 v e 3 11
[R)EE A V)AL F ) pUCI9K w1, %4k DH50, 15 -KI5
PUrEFAl, HEF N i[RI A5 38 5 1 e s Y B
T IHEAT PCR %8, T DA BHME: v e v 2 B BORE 36 1 7 il
VI A5 R R, N o[RS 5 pUCT9K % 45 i),
FLIE A B IEH(EIG), 153 vwibR B N i [a] 5 5
AR pUCI9K-N, I3 C i [F] 58 (4 5 1 49 LA
16M 3R 2 AR AT 9 1S, PCR 4 HL UK 45
BRI T 426 bp UK/ R BE(E ),
g ztifbJ5 89 PCR = H Sal T #1 Hind 11T #4743
fitg V) Ak 3, SR 5 v BE 2] M R FE A D) Ak B
pUCI9K-N Jif i, HiZBukis% b A DHS5a, 153%
A5 & B4 R R pUCI9K-NC, 5 21 Jf Rz 43 51 F
PCR Jy ik M U) J iifb A7 % e o B D) 45 3L o (&
W), C i [ Y5 IEAf M ddi A 2] T pUCT9K-N g il
FPai R 5 P95 B — (SR %)
2.2 vjbR RELHBIMES PCR HIE

W EHEHAREETR pUCIOK-NC L5 b 5| 15
B ICH 1oMIRZ S rh, WA T RBP4,
W i 38 2 1) R AR BT BH M e B E AT PCR %28 fF
BMEII1116 [FEE N w0y BiE, & FEEE C oy
T 45 It — 4 %€ 51 ¥ 0 BMEIIL6-I-F |
BMEII1116-1-R, 4355 Puc19K-R 5% Puc19K-F 41 &
(N i [R] PR L A 255 51 905 Pucl9K-R 414, C ¥
AR R IR ES IS Pucl9K-F 44), k%
FE bR WIERE . il LASEAE MR . BPARR 16M
JEiAR, #47 PCR ¥73% . H BMEIIL116-1-F F
Pucl9K-R #47 PCR ¥ 34, @519 056 T N
Ui [ PR ) M AR AIBEE N, RAERE 16MAVjBR
REfE ¥ 15 i 932 bp M A Bt, 16M L¥ 3; H
Pucl19K-F Fil BMEII1116-1-R #£47 PCR ¥ #4f, 878
¥k 16MAv/bR BERZY 4 H 755 bp B B, 16M BH”
BB, SRR, PR EA LA
TIEMREA . YR AT, Wy A5 RS
W —3, UESE T RS RA R R )
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bp M 1 2 3 4

1 PCR i vjbR RIT#R LR

Fig.1 PCR verification of 16MAvjbR

Note: M: Marker III; 1,3: 16MAvjbR; 2,4: 16M. 1,2: The primers
BMEII1116-1-R and Pucl9K-F; 3,4: The primers BMEII1116-I-F
and Puc19K-R.

2.3 vjbR BEMKBIME S PCR HIE

PLo16M HE[H 40 DNA Bk, 5l W
BMEII1116-N-F #1 BMEII1116-C-R §" 4 i T 1385 bp
A vjbR HE K ORF 1Y R Be (18 mg), # F Beoebes) T
Ak b, 155 E A TR T-1116, DNA I 45 31 B,
7915 PO —BU(& R0 . FF T-1116 HFEALS A&
[ RAEPR 16MAybR B M, WA T-RIB
B R MR FHEPOE AR, ) i 5 ) P v
FE 16MAvbR-C, BB HA RIBEEAA N HE
EHilERIE4HILL 16M . 16MAv/bR F1 16MAv/bR-C
Sk, F151% BMEI1116-N-F il BMEII1116-C-R
#E4T PCR §#% , Z5 R WoR (& 2), BFA Ry 1 H
— 4% 1385 bp B Fr BE, ZEAEBRY 1 — %% 2065 bp
M) B, HAMER YT HS 2065 bp A1 1385 bp
R BE, R T-1116 IEFHEE AR TREKRM YA
(NG

E 2 vjbR Bk PCR IELER
Fig. 2 PCR verification of 16MAvjbR-C
Note: M: Marker III; 1: 16M; 2: 16MAv;jbR-C; 3: 16MAv/bR.

24 HERERAGFERR

VT BPAE TR | HAMR AN AR 430 DL 50:1 1Y EL A
12U /NRE B T774A.1, 183 L8R YL I AN [+
I ) 5 194 L PN 400 A1 50k B 5 DA e 7 1 W 4 PN )
AAERE T FRATE X i Ek, B AR R b
I MO AR TR TR T . SRR, RS I ] A,
B AR RN R 98 AR BRI S I AR B AR AR — 2
mE 3 Fis, & WEREREEEAEER 4 h N,
AN BCER R R, 76 4 h e, B4R 16M 1
P A TR R, 10 B B AR AR AR I
Je, — 04 40 T Bl A0 R R K, AR TE ORI
A7 65 [ TR R A5 76 5 I 200 A P 08 A, DA 240 R 4K
TE 4 h J5 MBI . 58 A RUAH b, 28 AR R A R
4 h UG M0 E s A B R R, BB LT
B, BARAESS 48 /BT, RASMRIA A B Brdw, 1
EAFEEE 2003 10, 1 EAMEH T vwibR FH
MR, HLAE I3 200 R P ) A7 005 1 5 W A A A
— 3 XL vbR A B ol A B A
AN I FE TS RE T T B

8 —+16M -+ 16MAvbR —+16MAy/bR-C
7
6
’E‘ 5
O 4
=3
2
1
0 : :
0 4 8 12 24 48
Time post infection (h)
B3 16MEFER ., RTHk. BIMKBAFEELRER

Fig. 3 The Intracellular survival of 16M, 16MAvjbR and
16MAvjbR-C

Note: ANOVA analysis was used to compare the differences be-
tween the intracellular survival CFUs of infected mice at different
time points post infection. Changes in 16M group were signifi-
cantly different from 16MAvjbR group. * for P < 0.05.

25 BEEBR/DRBIEMFESRHEKE CFU B
T

251 FRBE: A RERIERGE S, RN E I
PSR TRk T 2, AR5 T SRk e 5 A B H e
PO . MEINHEFEF AT ERAMA, Hit
G 2 241 M= T 1 2L LR A U ) 2 A T
(1) = 237 e, 5L O R0 PR w1 4 R 0 40 PR B0 1
M EAEIR o o B 2 AR MR AR /N BUA N AR TG 2 5 &
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AR, 3BT I E IS B RN, SRR AR S
AN TR) AsF D s D70 BSR4 8 200 B T4
mE 4 poR, MRS 1R, 3 M RTE /D B
U P9 240 B KIS B4 TR Y B, Y95 5 % 10° CFU,
MES 3 RIFUR, B A BRI AMRAE /DS UL P A9 17
TGRS AL, B = CFU 23 LTk,
PGS 55 7 K CFU b Bl i, 3L 107, 76 7d
J& CFU BARTF IR T RE, {2305 28 K oM1E, CFU 1)}
YERFAERL R KT (10%) M, MEHLEHS 3 K, vibR
AR K 32 A 2 /0 BRUNBL T PN 1) 4 TR 5 T B
W 7 Kk CFU 4 10%, &5 14 Kt 107, 7YY )5
5528 KINE N MR C 258 2 E bR, W IX 5F
S A FRORT RN o 25 R R, vibR SR AR KR B AR T LA
AR, BRI R R K, BB vwbR X
A7 B T 7E 15 32 40 i P9 i R A A G A
IFEH

—+—16M -+ 16MAy/bR —+ 16MAV/bR-C

lg (CFU/spleen)
O = N W A L N NN

1 3 7 14 28
Days post infection (d)

4 BRFEAENENREEPHERE CFUBTK

Fig. 4 Survival of 16M. 16MAvjbR and 16MAvjbR-C in

spleen of infected BALB/c mice

Note: ANOVA analysis was used to compare the differences be-
tween surviving CFU in spleens of infected mice at different time
points post infection. Changes in 16M group were significantly
different from 16MAvjbR group. * for P < 0.05.

2.5.2 BRRE: MIE 5 Rl DUA N, BPAERE . RARKR
AIEL AR AE I PAY 9 40 BT 5 A1 T AL, 22 A e
5 7 B P9 ) 22 A SR AR, BB A R b
R B 0 B R A R SR — B, SRR RRAE ST A 119
M — HE IS TR, HAE 28 Kifsea
PERR . ST CFU AR R F Z A7 T,
JFF U PA B A TR0 DR 0 200 TR R SR 3 RN B Ik
Blfr, 22 TREEES . LA L vbR K
W, A T e i AT IR N B AR A RO T R,
BE T
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—+-16M —= 16MAvyjbR —*+ 16MAvbR-C

lg (CFU/liver)
S = NN W kA N 0

Days post infection (d)

5 REETRENENRAABETHERE CFUREL
Fig. 5 Survival of 16M. 16MAvjbR and 16MAvyjbR-C in

liver of infected BALB/c mice

Note: ANOVA analysis was used to compare the differences be-
tween surviving CFU in livers of infected mice at different time
points post infection. Changes in 16M group were significantly
different from 16MAv/bR group. * for P < 0.05.

3 Wig

FURT, (R A 9 R i Rl T T B, X Lt
TR AL S AR IR e A 2 Y, A7 AE il
WEAEE, I HLE A g R AL A G,
Gy LRV AR B VIR A R o I, Bk
22 1 A TE T AR B T L A RS R A B, 1)
GE I SR SCHE R AR G IR N, R s, A
PRFFRBECRIE . ATAEABT W2 A A 1) R
A MR T RE ST AR N, RS R
MERESIMI, N — BB P B e ALt
QS RGATAETRZ AN B, FA e AT R AT
THRTERER, S b R R 142 A A B 1
R IVAINEST

AHESEAF Y pUCTIK ik, FRATR HTEES
BTk T wbR FE N RAR KR o F R T4
R L [RTRE 77 81 2 A1 9 5 400 RS T 3 DA A
RS AT G P70, RASRRBEAE ™ 4 Hh T /Iy
A B, TEFAERL 16M JCP ™3, U] S ABRAL 1 AL
Jio vjbR FENBRK )G 5 ERIEE . 41—
AR SRR o1 vjbR SRR SR, BAMR R
HOE A E . —BOR T, PN — A N s
PRI IIRE, T ICE AR TG Bl SR A SR I SR (R R A
HERAKR, IRIGR A BN R B R A1
R b, FEAE AR AR BRI MR, SR Xt
SPAETL | SRASKRAN T AN 1025 Fh R A LT HL R
GrAT o FUAAE A P REAT 2K A 1 R A A O 2
IR P R AN SC I R A . FRATRA T A AR
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W AR5 1 7 SO BRI o R B SR 1 2
Ry #8 tk, 6 A H A Bk pMD18-T Simple Vector,
SRIG WL BRGNS 78k, PUrEIfiE . Tz
KORRER W, TEPUHEIRE R I T, R E S
() 3 R B g e R b, DT 40 B B A P e
fiE o TN AS 29 oAb, PR R BRAE FRAA 1 H Y 5
A — B DL, BB 592 e e H FR 5L PR Y 238 K
PRI AR AL,

JL PR A A RN BRAAS N A2 TR SR R W, vjibR R
PRAEE WA ML N i 2B AF B 0 TR, 10, 5
Rambow A 58 £ AT . X5 QS RS fii &
G B R RAMOCH . S CHENEZN T
TIHFH 1V BRI RS . omp25 F1 BvrR/BvrS XEH
Iy RGLEE AR 4 R WoR D), vibR 5 TV
SRR GEH N IETEES, Y vibR SRS, AR
T TV BRI T virB 895 ORI TR A, T B AR
R A S 50 5 Wi W A A 5T R W, virB X0 A0 B TG B 1Y
SRR I A AR R AR, A I T 7E B W 4t g
PAETERT AT Y, BT virB (2878 BRTE I 1 400 iy
PR A A7 77 B 0550, R vjpR R RE T DL i
VA virB s A6 [P AE B W20 N i A= A7 fig
Lestrate 45 i 56 £ 45 [ A 75 1 LR, &80 1 S
BH A KMER flic, ZEHNS mF F50L, 7T Lg%
B EN, H 16M 8 fiC S 28 A RRAE /N AR
B TR, ULRZ IR TE R ) 5 1 R 5 T — 2 WAE
I, S I 18 M p S YA OO 3
HRFRIE vibR A 0] LL3E i 18 45 ¥ B 42 F FreR K
s i [ B s 1)

W ARWFSE, AT T bR RAERIFUESEL T
vbR BT CE, ANV S, 16M R
B R R, SRR AR i TR e T AR I P R, R
VR T RE T B ST B T A . 7E R SRR IS
FRATTHE X iz ik O k5 1 B AL, DA AR e i
PRI AT AT VAT AR SE
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