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Construction and characterization of ia/B-deleted strain of
Brucella suis

CHEN Lei*, ZHANG Guangdong”, LI Junmei, QIN Peipei, LI Bin, DIAO Ziyang,
ZHOU Dong, JIN Yaping, WANG Aihua”

College of Veterinary Medicine, Key Laboratory of Animal Biotechnology of the Ministry of Agriculture and Rural
Affairs, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: The homologous genes of invasion-associated locus B (ia/B) are conserved in
Rhizobiales including Brucella spp., while little is known about this gene in Brucella. According
to the limited reports, ialB of Brucella may be associated with the invasion into host cells and the
adaptation to intracellular stress. [Objective] To explore the role of ialB gene in the Brucella
adhering to and invading host cells and the intracellular survival of Brucella. [Methods] We
constructed the ialB-deleted strain AialB of Brucella suis S2 by using homologous recombination
method and the complemented strain CAialB by transforming the expression plasmid containing
the open reading frame of ialB into AialB. Subsequently, we compared the growth phenotype and
stress resistance of different strains and assessed the effect of ial/B deletion on the expression of
genes associated with the polar cell elongation of Brucella. Additionally, we determined the
effect of ialB deletion on the invasion and proliferation of Brucella in RAW264.7 murine
macrophages. [Results] Aia/B and CAialB were constructed successfully. Compared with B. suis
S2, AialB showed suppressed growth and decreased cell viability. The deletion of ia/B decreased
the resistance of Brucella to acid stress, hypertonic stress, hypotonic stress, and polymyxin-B
stress and increased the resistance to oxidative stress. Furthermore, the deletion changed the cell
morphology of Brucella, which was manifested as shortened cell length and increased cell
diameter. The mRNA levels of the genes associated with the polar cell elongation of Brucella
were down-regulated in Aia/B. Compared with B. suis S2, deletion of ialB did not change the
adhesion or invasion of Brucella and decreased the proliferation in RAW264.7 cells.
[Conclusion] ialB is associated with the cell viability and polar growth of Brucella, playing a
role in the stress resistance and proliferation of Brucella in host cells.

Keywords: Brucella suis S2; invasion-associated locus B (ialB); gene deletion; RAW264.7 cells;
biological characteristics
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B IR 2818 g b & E AR AN, ialB
TE A A 1 TR E AR R R ORSF I, XIAT TR
ELRERD ialB FEPEATIHARAS, RASKRF
PEAERRAA L, LB AR LA RE T T
T 47%-53%". ialB SERRARAE D 4TS Ail
1 3 LA A Y 1 P S AR, All SRR T
AMEZE 1 (outer membrane protein, OMP), 5%k
B IR A A DR ial B PR L TE B AT
T KGR ARLLA R R AL, wE R A4
w2 P e Y ialB WA R RE RN B R 7E A
[7) P PR35 v 3 0 RN AR AE AR G, A TR L /R G
R NTE 32 I8 AL 21 AT, o] DUIE N YL EE | pHL,
ERiAmA ERTE RIS AN

A B TR AN R AR I o-BIEAT I, &
MM ARG KB RZAMIE, #BEFE LA b A:
fFo ialB W [R5 DR 7E AL 45 06 A 6 TR T B AL IR
w H A2 RSER, (BOCT A8 R ialB
KA B 20 oA PR o X Bl A & I A T
PN AL PR(3T7 °CHL 3] 42 °CHM T HEFR), 1alB
EAFRBRE AP, HEMASGRE oB M6
AT BB 5 AR A LA R 3 07 A 05 24 i v 7 38 1 3R
BElhia anfik pH . % M % (reactive oxygen species,
ROS)%H 5. Ktk , #9841 & QTR ialB SR Fk,
5T ialB TEA & QA A] BB Y Zh g M 2 5 %t
A B PR A A5 L Wt 240 R 7 e 240 i b £ 335 A
BB A R, N T s A B QTR R AL
HAHREEZ L,

1 MR5r%

1.1 ##
1.1.1  ERRA AL

YA E R S2 ¥k (Brucella suis S2) .
pUC18., pBBRIMCS-5, pET32a #1 pEGFP-NI
SRR A S & (RO AR S A M HOR
RS )R AT
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112 EZX0 R

JER % K 5 R A4 5 5% 3 (trypticase soy broth,
TSB)I H At 5t BRI R Y HARA PR R, Primer
star DNA polymerase, DNA Marker . B il P4 4%
RN UM A RE Y TREARA A,
ClonExpress” MultiS One Step Cloning Kit Il
A AUAMER E VIR R A R, sl B ok N
IR & . DNA ik [ & B b st KA
AR A RA ], ZZ6# % B (polymyxin B)I
H N BEE AR A R A, HCLL H0, Al
NaCl S0 Bk B B2 By A BR A W], Triton
X-100 M H EERFELEDRHLARAA,
DMEM 5772550 [ HyClone 237l
1.2 34t

MG NCBI Ruti EAATRIATE [RIA S2 s
FEH 41751 (GenBank 554 NZ_CP006961.1)
F1 pEGFP-N1 i f4& i9 3E [ 5 51 (GenBank % 5% %
1 U55762.1), il DNASTAR #4433t ialB
F NIRRT 51 . ialB HEPER S E
Y. 5 A B s ) ialB SERY 5 PR
I RPUESER Y 51 51 IE 1.
1.3 WEKE ialB SRR E O AMREIIDE

DI & TG TE S2 PR 2H i pEGFP-N1 A5
M, 338 i ialB LAY T ] I R
AbEm RPN . R A 5E I  (polymerase
chain reaction, PCR);/™=#) 4 4lifk [B1 Ui J5 43 5] 5
pMDI9T ZAR ATz, FRAGAH I 20 TR
K H A SORE AT pUCT8 S5 s FH AR I A8 BR ) 14 A 1)
Bt AT RUBEDD 23 AR ialB BRI B ER i )
P . RAREERBUMEEERA pUCTS BRI E 2L .
B F AR EEY) [P Ligation Mix 7% #2355
I TER:, PAFEAER Bk pUC18-ialB.
¥ pUC18-ialB LT HEAL AT & RTE S2 #RiEs22&
i, 2 RAPFmRIE., &l PCR & . 20t
JE fit PCR %E5E , fe 845 241 & [U A ialB Rk
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Table I Primers used to amplify related genes
Primers Sequences (5'—3") Restriction Product
enzyme site size (bp)

ialB-U F: GCATGCATCCATCTTCACGCCAAAT Sph 1 1 060
R: GTCGACGAAAACCATGAAATCTCCAG Sal 1

ialB-D F: ACTAGTTTCGACGCCCTCCCCTGATT Spe 1 1010
R: GGTACCGTGGCGGCGACCTGCTGG Kpn 1

KanR F: GTCGACTCAGGTGGCACTTTTCGGGGA Sal 1 1375
R: ACTAGTTTGGGCGTCGCTTGGTCGGT Spe 1

ialB-T F: GAACCACAGCCGACCACATCC 328
R: TGACTTCCGCATAGCAGCCATCT

pBBRori F: AGGATGACGACGATAAGTGACAATTCGTTCAAGCCGAGAT 2755
R: AAACAAATAGGGGTTCCGCGCTACCGGCGCGGCAGCGTGA

AmpR F: TCACGCTGCCGCGCCGGTAGCGCGGAACCCCTATTTGTTT 1 006
R: CCGCGCGCAAAAATGCCGCATTACCAATGCTTAATCAGTG

ialB F: CACTGATTAAGCATTGGTAATGCGGCATTTTTGCGCGCGG 952
R: TCACTTATCGTCGTCATCCTTGTAATCGGGGAGGGCGTCGAAGCCTT

CAialB-T  F: TCACGCTGCCGCGCCGGTAGCGCGGAACCCCTATTTGTTT 1918

R: TCACTTATCGTCGTCATCCTTGTAATCGGGGAGGGCGTCGAAGCCTT

DIAiE R S2 #RIEHI4] . pBBRIMCS-5 Al
pET32a WM, 3P 14 ialB KK . pBBRori,
AN RAEN Ak E A PCR Y T E 4
%X 4 ClonExpress® MultiS (C113-02)#F4T
Mgk, PFASEAFR pBBR-AmpR-ialB, KRG
M i A A 6 [C T alB BRISAR I IRSZ 540, &
PCR %52 11 Western blotting % & i 15 21] Bl £ Mk
1.4 S KCEZRINIE

TE iR % K 55 B IR (trypticase soy agar,
TSA) A b4 B BRECA & IR S2 Pk, i IR
ialB BRI TR 1 A s H2 R 7E 5 mL
TSB 533, 37 °CHR%HEFE 2 600 nm A
{H (optical density, OD)ZJ°A 0.8; 5 000 r/min 5.0
10 min, 372 b3, FH#ERRER 2 vk (phosphate
buffered saline, PBS)H & i UL IE J5 175 LU B¢, 1F
Pt DAilE Wk R s AR5 23 il
1x107 HV&IE B84 (colony forming units, CFU)
MY IR S2 Bk, M & IR ialB BARHE . 1]
HMRIZEFIAE B A 100 mL TSB BIAETEI 1,37 °C
PR ¥, 8 h LB — KA, M ODgoo,

HEBEILT AR, AR IR R R
ODgoo FN, 22l A K ML .
1.5 ZHEVEMENE

WA B IR S2 k. A B IR ialB kR RR
[R] % MR G T V43 931 50, 5 000 t/min .0 5 min,
Fik B, PBS Uk 3 WG, KA PBS i3]
] OD (ODgpo=0.4), ¥ :ZF WA 10 puL
[T, TN B (propidium iodide, PY)Y4W 4 Ho 51 %oF
iR 3tk TR A, IREBYE, ST
10 min, ZHIREREHM OO GIR K  E R 536 nm,
RGP E A 617 nm, WI5E FiR 3 BRE0E
% B E .
1.6 RIMRFALE

RSN BORI AAE TR N . =B . IR
B EALNIE A Z AR R B WIS,
53 4% RN S A T A B

i o7 5 00 A B QT S2 Bk | A IR
ialB BRAK . [EIAMEF pH 3.9 19 TSB 37 °C%%
PETFARPE 30 min; =8N EGREE S Bk 3 bk
B A LS BEA NaCl 29K X0 1 mol/L i3
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VS 37 °CEA T AbFE 30 min; (KI5 W B0 56 K
R 3 MR EUR ERAE KT, 37 °CH&A:
AL 30 min; FALRNIROATR Bk 3 AR 4
FHLHE N 1, 2. 4 mmol/L i H,0,37 °C4&
FRAEFE 1 hy ZFEER B W BIAEE ik
3 BREE 43 M R 1200, 900, 600, 300,
150, 75, 37.5. 18.75 i1 9.375 TU/mL Y Z K5 A
R BAE 37 °C&AF FALFE 30 min, XFRELHE N
FH TSB B ACAHR (AL PRV W o 2647 4H I 114 Ak 38
Jei , T IR, T AARH IO A B 20 TR AT R
1.7 HEBREENE

PRI & IS S2 #k . A& [N ialB kK
PR, URMR B B ST RERE AP T %A 5 mL TSB
HHRAS H I FR 2 ODg00=0.8, BURA T EIHH
W E ODgoo, 1CHE 0 h_ODgooo 438 T 1 TR
FTEEDHEHE 24 h )5, BOLEH EH0 BE
& ODgoo, 1E1E 24 h_ODgooo MEREFE RN A
(0 h_ODgpo—24 h_ODy00)/24 h_ODgyox 100,
1.8 FHMBHRENERMREES

WA IR S2 k. A& [RH ialB BRE
[FIAMETE TSB H 5535 E ODg00=0.6, Bl 3 mL
¥ 5500 t/min #.0> 10 min, 3% [, A PBS
TWYEDTTE, B 10 min, ¥ 3 WG, MA 2.5%
%W, IRAIE, 4 °CRIESR . RIKH 10%.,
30%. 50%. 70%. 80%F1 90%K) £ My kA 7
KRR , BRI IBEK BT [E] 24 15-20 min; A 100%
B K 2 Yk, BRI 30 min, fJE 500 pL
100%1 O PR E B T UTTE . W 10 pL T35
Y, CO, TG, Mzl L, me)s
U] B E 1 =38
1.9 HRMEKHEXERE mRNA K EFRIER

SR GRE . PCR i A A € ER R A M
FERAHEIE I E mRNA 7K 3k 5 00 o KA 6
[CHE S2 bk A& [CH ialB bk | [EIAMETE TSB
%2 ODge=0.8, B 5 mL FHIK 5 500 r/min 5
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L 10 min, 7 EiE; JiLA 1 mL TRIzol, Jz &M
T, FW T 2% S min; A 0.2 mL &ff, &
AJGEIREE 15 min, 4 °C. 12 000xg B.»
15 min; $¢_FFOKFEZHERE EHM EP &,
A 0.5 mL SNEE, BAEERTE 10 min,
4°C, 12000xg B5.0>» 10 min, # Fi; 75%2 1
PEADTVE 2 Ik, ZEI T4 5-10 min, JIIA 20 pL
DEPC /K i 5 RNA ] Evo M-MLV J %% 5%
A & (AGI1711) K13 cDNA, 2K )5 fi H]
ChamQ SYBR® qPCR Master Mix (Q311-02/03)
HEAT SEI S E B PCR, L 16S RNAE N2,
27T A T ST o
1.10 ZAEFAMHIA IS

i R ST A T 503 A ) 200 TR 286 B 40 i i) R
J1o ¥ RAW264.7 4HHELIEEFL 2x10° -2 1)
WA 24 LA, SR 5% M6 IIE Y
DMEM B FRIKTE 37 °C. 5% CO, £51F F 85
It 24 h, TR BRE BAEL TR (1) H
S 5% ML A9 DMEM 550 55 35 1 s B A
IR S2 k. MEICH ialB SR . WIEME,
i JE% Y &2 % (multiplicity of infection, MOI)f
505 (2) FFREEFRAMEM LIEW, /alim ASE A
A9 A 3 MR BB, 400xg 0> 10 min; (3)
37 °C. 5% CO, [FFEEHIF R 30 min; (4) FE2
YL SR, FHAL QIR £ 9% v (Dulbecco’s
phosphate buffered saline, DPBS)¥t 5 ¥k, JIIA
500 uL 0.25% Triton X-100 ZLA# 400, 5 P4 T
Wi B R4

B g8 VR A I 4 TR R B A L R RE T . T
24 fLART LA A E R, B RAW264.7 il L)
TRl 5 10* A4 14 % 2 R 7E 24 fLiR,
FPRAE QD ik, 7 DPBS ¥t 5 WE, A
4%Z R =R # % 30 min, PBS ¥k 5K,
K 5 min; JIA 1:100 Fi B4 11 A 4040 [T FH
MRS, BEfL 200 pL, FEEMBEF 2-3 h; [Bi—
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P, PBS ¥ 5K, FHK 5Smin; JIIA 1:500 i
RIPBLIL SO " ht, il F 1.5-2h,
BRI ) B0 RS LR A s Mt —Ht, PBS
Pk 5 K, BFIK 5 min; BALATA 200 pL ) DAPI,
ZEIRE 15-20 min; [A[1 DAPI, PBS ¥t 5 iX,
BFRR 5 ming 3R BN 10 pL roeB 8K,
FEIE 7 I\ 24 FLAR B, dh MoK 40 X 2
RIIKSY , BREA PO IR &, H
fE TR R, 7EBOLIE R A B T gL .
1.11 HEAN R

2 B A AN R R E AN R RS, {H MOI
500 WG, FRAMEEIRM, H DPBS
e 3, IMAZEIRFAY S 50 pg/mL R RE R
DMEM }i3:¥, 37 °C. 5% CO, [HREEhiE
1 h. fH DPBS ¥ 3 Ik, F40eal 5 25 pg/mL KK
#EN DMEM R:FRIR4EREEE 3% . DA B 78
37°C. 5% CO, I H 7 E 30 min 4 0 h,
EHJEH 1.2.3 h [l DPBS ¥k 3 W%, FH 0.25%
Triton X-100 ZfEANM, AT RRRMRITEL
1.12 FENE5EIRIE

M T~ Al i 5 A U P PN S B 4 B A A
PR RS, RSN LR s 57
AL, ISR BTE 37 °C. 5% CO, 3
B E 30 min B8 0 h, 7EHSHY 3. 6, 12,
24, 48h, A1 DPBS %t 3 ik, FiH 0.25% Triton
X-100 Z4fFA0M, HEATH BER AR TTEL

Y JE D CTR AN L N3 e PR B A
THEICT A D B PR 184 58 R SR A7 A L ol L BT
AN IR i 5 55 . DA BHEE 37 °CL 5%
CO, R E 30 min BF2H 0 h, EHE®
12, 24, 48 h I DPBS ¥ 3 IKJ&E, MMA 4%ZH
F S 25 VLI A 30 min, JEZRHRAEN 1.11 frik,
1.13 HIBEZIT O

JIr A7 B0 R F- 35 80445 1 22 (means+SD)

Z¢7~, H GraphPad Prism 8 ST T
P 1) 25 55 S E PR B (¢ KBk, *: P<0.05, **:
P<0.01, ***: P<0.001),

2 ERGHM

2.1 FEIKHE ialB Btr R EEAMARIIIE

M ialB %585 A& [RTA S2 BRA & [
W ialB SAEVE MR TIIR PCR %0, 45
TRAE RE S2 BRATY 1A H KN R 328 bp 4%
M, A IRH ialB B IAZEBRAR WA 38 1 4%
H (B 1A). 9E6E e PCR KA & [CEE S2 #RAN
AT [RIA ialB WRARIE AR ialB HER BYFE 5%, 45
TR AT [C I ial B SR IAGIE BRI ialB FE IR
F IR, R AR R, AN
AialB (Bl 1B) o WHsIE Ml 4 ME I TR PCR %572,
SER BN HAT Y 1918 bp MUK, K/AMTA
WHAE 1C); #E—2L 14T Western blotting %55 ,
7E 21 kDa Wb 5 th L&A, R/MFG T, R
BIRNARRA B, w448 CAialB (K] 1D).
2.2 HKphzk

A& R S2 ¥k . AialB. CAialB Rtk
KBNS, 7F 24 h BFE AT B K, 7E 48 h i)
ARKHEEARSE; S G S2 #RTE 64 h BT EiE
S, MM AialB. CAialB 1E 96 h I A Z248 3|
KRG ATUESR, EAEEEE, gl
B S2 BEAY ODgoo I K, CAialB K2, AialB
) ODgoo ELTR /1N, FW ialB JERBRIINH T A
R MR IS 2).
2.3 HAEVEMERN

Xof 25 i B AR ODgoo 149 3 R TR R 5331 ik
15 PL Y, AialB WP HIE BE R TAE R
P S2 BRI CAialB, F34E P1 AN BB 1 4 i 5550 4%
FIANE R YL (5, BTN AialB 1936 JIAH HLF
A& [ S2 #A CAialB Y4 AR (& 3).
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Relative mRNA levels of ialB
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Dwa M 1 2 3 4

30—

<1918 bp

Construction of Brucella suis S2-derived ialB deletion strain and its complemented strain. A:

Verification of B. suis S2-derived ia/B deletion strain by PCR. M: DL5000 DNA Marker; Lane 1: B. suis S2;
Lane 2: AialB. B: Verification of B. suis S2-derived ialB deletion strain by RT-qPCR. C: Verification of the
complemented strains of Aia/B by PCR. M: DL5000 DNA Marker; Lane 1-4: CAial/B. D: Verification of the
complemented strains by Western blotting. M: Western protein Marker; Lane 1-4: CAialB. ***: P<0.001.

1.8

—_
N
T

e ok kK
****** Kot 4
o el

._.
~
T

-8 B. suis S2
= AialB
-+ CAialB

1 1 1 1 1 1
0 16 32 48 64 80 96 112
Incubation time (hours)

2 EKHEZ

Figure 2 Growth curve of three strains. The three
strains were inoculated at equal densities and the
cultures were collected at specific times, then the
ODgoo of which was measured in a 96-well plate
using a microplate reader. * represents the comparison
of AialB with B. suis S2, ” represents the comparison
of AialB with CAialB. ": P<0.05; **/*: P<0.01;
wkx/: p<0.001.
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S EET) kokok

log,, fluorescence intensity

CAialB

B. suis S2 AialB

3 ENEN

Figure 3 Bacterial viability. The three strains were
cultured to the exponential phase and adjusted to the
same ODgqo, then the samples were stained with PI
and the fluorescence intensity of each sample was
measured. ***: P<0.001.
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2.4 RSN LG

T X R L L e 2 ORI AR IS T
AialB WIFEG R W E LT A& IR S2 #RA
CAialB (K 4A—4C). A N X ALY 38,
AialB WAFIE 2 0 25 5 T A0 & QTR S2 BRI
CAialB (K 4D). TEHAARIRIEN ZFHE B
X Bk 3 FERRUEATARFRRS , 3 AREEAOAETE R
VI E ZF W R B IR EFm R, Hep
AialB BIFF 15 FANE T A & QA S2 #kFl CAialB
REAS O B AR 2 TR BUKE S 1200 TU
BF, AialB WAATERILFRER 0, MERE S2
FREIAEIG KR 50%4E 47, CAialB BIATI6 R4
F AialB P46 [ S2 ¥RZ 18] (K 4E). %45 1
PR, ialB SER B E T A KR AN 58

Bk
25 WAEREE

P8 5% 2 A RO BOH A & IR S2 fk .
AialB. CAialB P2 AHFK ODeoo, HLHF(O h)
3 PP R BRI S S MR . TEFRE 24 h
Jo, ATEIRTA S2 RR Y TR A R G B AR AL,
AialB FIBBAKAELT 0 h 85I, TR
REEREIRIA P, CAialB HPREN T Hi
S ICHR S2 BEAI AialB Z T8 (K] 5A). 435I &
R E E RS FJZA ODgoo, 115 3 BRET IR
LR, S5IRRW, AialB HRIREE K, fi
IR S2 PRIFIRIRERBER /N, CAialB 4y
F = HZ (K 5B), #H—EHINT ialB FH 5
A TR M S8 BV G

A 70 Acid stress B R 188  High-osmolarity stress C 120 - Low-osmolarity stress
g 60 . . 15 80 - ok o g 100 *okk sk
= — s 70 =
s 50 = E 80
5 40 2 0r 5 60
,:_t 30 = 40 | _:_t
g 10 M 18 B & .
0
QB B NCOTRI\ S\ OB B
S.S«A\S% D e o Lo ?,,s“‘s M o
D 100 Oxidative stress E  120r - B. suis S2
g 28 = B. suis S2 S 100 - C.AialB
¢ & . CAialB S 6o0f
E 2 - T 40f
j= 3 B
f‘é 20 ek § 20
m 10 i._' m 1 1 1 1 1 | | 1 1
0 B 0 LSO LSILS @
ddH,O (mmol/L) N AE SN \,»Q

4 RIMREGRLE

c(polymyxin B)/(IU/mL)

Figure 4 In vitro stress assays. For stress assay, the bacterial samples were inoculated into TSB containing
HCI (A), hypertonic water (B), and sterile ddH,O (C) for 30 min and TSB containing H,O, (D) for 1 h at
37 °C. For antibiotic resistance, bacterial samples were seeded into a 96-well microplate and treated with
serially diluted polymyxin B (E) at 37 °C for 30 min. After treatment, samples were diluted 10-fold and
plated onto TSA plates to determine the survival rate of each strain. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Determination of bacterial aggregation. A: The three strains were harvested at the exponential
phase and left standing at room temperature for 24 h. B: The ODgoo of 100 puL of the culture obtained before
and after standing was measured to quantify the bacterial aggregation. ***: P<0.001.
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Figure 6 Scanning electron microscopy test. A: The three Brucella strains were cultured to the exponential
phase and fixed. After dehydrating, critical point drying, and gold coating, bacterial cells were imaged using
a scanning electron microscope; Bar=4 um in the up panel, bar=2 um in the middle panel, bar=1 um in the
down panel. The length of bacterium from the up panel was measured and analyzed using ImageJ software,
the data were displayed in heat map (B) and in histogram (C).
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Figure 7 mRNA levels of genes associated with bacteria polar elongation. The three Brucella strains were
cultured to the exponential phase, then the total RNA was isolated and reverse-transcribed into cDNA and the
gRT-PCR was then performed to detect the mRNA levels of Ftsd (A), FtsZ (B), PopZ (C), pbp-14 (D), Erfk
1 (E), and E7rfK 4 (F). The results for each target mRNA were normalized to 16S rRNA gene transcript levels
and averaged. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 8 Bacterial adhesion assays. RAW264.7 cells were seeded into 24-well plates or on glass coverslips
and infected with the three strains, respectively. A: Thirty minutes after infection, the cells were lysed,
serially diluted, and plated onto TSA plates to determine the numbers of bacteria adhered to cells. B: The
cells were fixed and immunofluorescence staining was performed with goat anti-Brucella serum, then
confocal images were taken with a laser-scanning confocal microscope. *: P<0.05.
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Figure 9 Bacterial invasion assays. RAW264.7
cells were seeded into 24-well plates and were
infected with the three strains, respectively. Thirty
minutes after infection, the noninternalized bacteria
were killed by 50 pg/mL gentamycin and the cells
were then incubated for specific times. At 1, 2, and
3 h post infection, the cells were lysed and serially
diluted, then the lysates were plated onto TSA
plates to determine the CFUs of intracellular
bacteria. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 10 Intracellular proliferation assays. RAW264.7 cells were seeded into 24-well plates or on glass
coverslips and were infected with the three strains, respectively. Thirty minutes after infection, the
noninternalized bacteria were killed by 50 pg/mL gentamycin and the cells were then incubated for specific
times. A: At 12, 24, and 48 h post infection, the cells were lysed and serially diluted, then the lysates were
plated onto TSA plates to determine the CFUs of intracellular bacteria. B: The cells were fixed and
immunofluorescence staining was performed with goat anti-Brucella serum, then confocal images were taken
with a laser-scanning confocal microscope. **: P<0.01; ***: P<0.001.
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