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Abstract; This study was to construct a eukaryotic expressive vector of Brucella bspD and to express this gene in murine macrophage RAW
264.7 cells. Specific primers were designed based on the sequence information of Brucella abortus bspD published in GenBank, and the bspD
gene was amplified by PCR. Then, the fragment was cloned into a pcDNA3. I-EGFP vector to obtain a eukaryotic vector pcDNA3. 1-EGFP—-
bspD. The vector was transfected into murine macrophage RAW 264. 7 cells by Lipofectamine 3000 immediately after it was confirmed by en-
zyme digestion and sequencing analysis. Next, BspD protein expression in RAW 264. 7 cells was detected by Western blot. The secretion lev-

els of cytokines gamma interferon (IFN-v) and interleukin-4 (IL-4) were detected by an ELISA kit, and the level of cytotoxicity was
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detected by a water soluble tetrazolium salt—1 (WST—1) cytotoxicity detection kit. Finally, cell proliferation was detected using a cell count-
ing kit—=8 (CCK-8). The expression levels of apoptosis genes cysteinyl aspartate specific proteinase—3 ( Caspase—3) and cysteinyl aspartate
specific proteinase—8 ( Caspase—8) were detected using real —time fluorescence quantitative PCR ( RT—qPCR). The results showed that a
936 bp bspD gene fragment was amplified by PCR from the positive cloning vector. The positive cloning vector was verified by restriction en-
zyme Kpn I and BamH I digestion. The sequencing analysis showed that the homology of the gene was 100% with the sequencing informa-
tion published in GenBank. These results indicated that a eukaryotic expression vector pcDNA3. 1-EGFP-bspD was successfully constructed
in this study. The WB detection results showed that the transfection group of pcDNA3. 1-EGFP-bspD displayed bands at 36 kDa, which was
completely consistent with the expected results, indicating that BspD protein could be expressed in RAW 264. 7 cells. The cytokines test re-
sults showed that BspD protein could induce RAW 264.7 cells to secrete Thl cytokine IFN—vy and Th2 cytokine IL—4. BspD protein was
non—toxic to RAW 264. 7 cells, and it had no significant effect on cell proliferation. The Caspase—3 and Caspase—38. Brucella secreted protein

BspD could be expressed in RAW 264. 7 cells. This finding provided reference for further research on the function and molecular mechanism

of BspD.

Keywords: Brucella; BspD protein; eukaryotic expression; macrophage

AP (Brucella) &Y, MOFRAG T H R
(Brucellosis) SATE LM, H&—F2BRIEH AL R
FAEMIPRIG, X ARSI A Em ", Ak
EYGZIRRE, R EAE R A ST L TP
JEUME R S, I B AT REFERE HAL S ™ R g @IFE T, g
HERAE | O JIEE M5 42 | Il B AR, LA S I
%, BESSHBERELETERNTY ) ABRLE
FHEGRPARMMERR, BEF FERINGFA
ZplT R, A R B 4 S S T A R R Il
R A2 TR A DO TR 2 — i 22 B v 4
W, R — TR E AR A0 N A AR A I A,
TR T E RN M R 5 AR 20 R0V JiR % 5 )2 A
S, weAh, oAb JUARANM, A0 B A, A i
o AL AN R AN I A PN R AR T AR AR
240 0 A5t ) A2 A1 DA TR IR

AR TR A UL B AR b R 4 2 A
SEA A A AR ANM I TR — R T B A 40
MFET- TR, HA ZFIE A A RRE" , TPk
W, HHAFREE S/ D RE AT AR
FF T BRI o 0 B A PR T A T T
— RGN LRI A: A T Sl R 2 OCE ],
Caspase—3 Fil Caspase—8 & T [ i (1) S HE 45 K 1,
BTSSR b 5 2 e R B calpain ZZ 15
HAEH'™, Caspase—3 il Caspase—8 TEFATIIFET- %
PR B B S, Caspase—3 Fil Caspase—8 1t ik
AR SR A A R T

VRIS REGE (T4SS) , WU RGE (TCS) Al
WHRERON R GE (QS) F 5 A AT I B 75 ) 4% VI A
KT 4SS A 12 AMEALIRME A,
i VirB I\ Tt 2% 5 GERE A8 R A CQAT 187 Y &L 0,
Rz 22 G E FAnM b, NI EEAG AT
NN EREE, FITFAAEY . B, NH TEM-18-
WTERZEE (TEM=1) Hz 45 5 G0 F085 0 2 AR Y AR

IR ALEE (CyaA) ARG LN 15 Fhd
T4SS 43 Wh (9 &R 26 1Y, 43 Bl & VeeA | VeeC,
RicA, BipA. BtpB, BspA. BspB, BspC. BspE,
BspF. SepA. BPE005. BPE275. BPE043 LI }
BPE123, i AT il A —JEAMKHS T4SS 73 I8 92K
MAEH, U0 BspD., BspG. BspH. Bspl, BspJ. BspK
R s BN DI = b= A a1 RS W SR (E =
BARDIREM AR, BTk, ARBIFGE LAAG FCAT 1 43
H I BspD WABAR, @ E EARA A, BB
WA, AT HRGA TG R, ik — D5 BspD 1Y
T RESLE HkAith

1 HBSHER

1.1 k4

pcDNA3. 1 - EGFP s v NS Invitrogen o ﬁ];
DH5o #9225 A A 28 = KA BORA R
F]; T-Vector pMD™ 19 (Simple) [ TaKaRa 23 ;
/NEUE HEAIAE RAW 264, 7 ARSI A7
1.2 FZEiHA

2 77 & DNA Ligation Kit Ver. 2.1, Quick
Cut™ Kpn 1 F1 BamH 1 BRI H TaKaRa 23 F]; Li-
pofectamine 3000 ff Bt & g H 3& & Invitrogen 2\ Fl;
BspD 48 5/ B2 e REDUAR th A 52560 28 IR A7
ARG ARG (HRP) FRiCAY I EHTR 166 (H+
L) WA 3 E Bioworld A w]; /INE y-—THE (IFN-
v) FIEHAMIANF -4 (1L-4) 40 PR 7 B G 6 13 W
BFa 36 (ELISA) A6 i 3 0 & 2 1 B 56 [ R&D
Systems 23 ) ; KEEPEPUMEER -1 (WST-1) ZHHEFEME
RGN 751 5 R 240 e 3% O AR & -8 (CCK-8) 1
HE R RAEYEARARAF,
1.3 bspD EEH5I¥i%1T5 PCR ¥ 1

M4 A FC AT S2308 1) bspD ( BAB1_1611) 2
KF51, KA Primer Premier 5.0 31514, 5149 I



B S®E 2025 4F

H578H He .85 -

WA FUFS A Kpn 1l BamH 1 BVINZ S (1), %
L R B S [ni bAE TAEY) TR BRA /A A,

VI UG B bspD R R B AR, {di ] bspD-F
FlbspD-R 51 W %F bspD FEH #E1T PCR ¥4, &t
1. 5%3 B MEEE I FLPK X PCR BE B AT 400 Je, M3E
e oy g i HAs ¥ 51, AR T 515 T Vector
pMD™ 19 (Simple) 3% 4%, Jf ¥ %% 1k X % FF &
DHSo &S24, BEJS PR ST B TR, 7E & A 2R
PUAR (Amp") Ay LB 53R AT 5%, HAH
PCR HARX AT e, fefm, S IBCPH M i 1 Bk
i Kpn 1 #1 BamH | JEAT R VIS E . 4 5 5E 1R 60 19
ORI A 44 0 pMD—bspD, 3% FifgAE T A9 TREA BRA
AL

®1 KHARFABSIWFES

GIL/ B2 IWFE (5'—3") R
/I/bp
bspD-F GGTACCTGATTCAATCCGCTCTCTTT
bspD-R GGATCCCTATTGCATGTCGCGGAT 23
Caspase—3-RT-F TTCCACGCAAAGAAACAGAT
Caspase—3-RT-R GGAGGACCGTCAGATTAGAT o
Caspase—8—-RT-F TATTGAGGGACATCTGGGTTC
Caspase—8—RT-R AAATCAGTCTGGCGGTTC e
B-actin—-RT-F CAATAGTGATGACCTGGCCGT
B-actin—-RT-R AGAGGGAAATCGTGCGTGAC 13
e WS P RIZLER Kpn | BEYIOL 80, TSI N RIZFRR
BamH 1 YV RT FRRTOGE R PCR KIS

1.4 E#ZFKE#H K pcDNA3. 1-EGFP-bspD Wit
FIH Kpn 1 1 BamH 1 g Y] pMD —bspD J5t ki F11
pcDNA3. 1-EGFP #ifk, [l U5 097y, i 4%
pcDNA3. 1-EGFP # ik, & IR ik #1754k O
T SRBUSORL IR D) S, K A IR 0 TR 44 A
pcDNA3. 1-EGFP-bspD, i [IAE TAY) TREARA
HIF
1.5 Hpasks
FIH Lipofectamine 3000 g it R YR 1) A%
5 pg ) pcDNA3. 1 -EGFP —bspD F1 pcDNA3. 1 - EGFP
FORE Y RAW 264. 7 4" $EULJ5 24 h [R5 hiks
FEWL, PBS VR 3 3 5 A FH O G B e I A
RO, I RAPA 4@ M AN i, 345 40 i &
HH, WEEAWRE, -20 CRIF.
1.6 Western blot #& il BspD Y%A
BB A IVE Y )5, #EfT SDS-PAGE 4y
Bro HUIKES T, K BBERYI T, RAE T s
2, LL200 mA BYHLEAE 1 h P BspD 28 56 BN 2 A

FREFAEREE (NC ) 5 7837 CTFH& 5% iR
FrE) 5 mL B EA] 1 hy FH TBST VR 3 ¥,
A5 mL —¥H0 (BspD H41ER 1 He 2 /)N BT I3 B8 00
HTE /N B, BRI 12 300), 37 C FIERE
1 h; FH TBST #H¥ERE 3 ¥k, MMA 5 mL —$Hi (HRP #x
WCILESTR 1gG, FRBELLBIh 122 000), 37 CF
MFE 1 hy I TBST PR 3 s, b e,
1.7 ZHREEH RN

FIFH WST— 1 200 i 2 4 A5 00 38 70) & D 7 4 i+
PET K RAW 264. 7 4IHIAE 96 FLA 55 37 2 8 )2
% 1.5 iy e g i, THEYL S 12 24 h A
20 wL B WST-1 %k, BT RERFE 1L G
¥ 96 FLAR B %P 1 min FE4MRS), JFHEEFRCI
SE 450 nm ALAIEOGEE L LUK T G i 0 LA R 2 oxt
JilE2E I
1.8 A sE A

FIH CCK-8 70 &l /2 40 i s> RAW
264. 7 4MI3E 4 100 Wl 2 000 P HEFM T 96 LA,
FLIA 100 pL A4 R R IR 2, 25 PO IRAL
JA 100 WL B9 PBS, #% 1.5 WP LMY 40, T
BEYLJS 12 F124 h A 10 pL 19 CCK-8 IFK, & T
FFAATh ARSI 5E 4 h 5, ARG E 450 nm &b
PG
1.9 ZApaE-FEN

Fie 1.5 7 e g RAW 264. 7 40, 43 5i4E
HeOLfs 12 24 h WM R, R A
0.22 pm AUIEBLITIESS , K DA R F K>
1.10 BspD EEXAMATHXERRIZHZIEN

e 1S TR M, TR YLS 12 Rl 24 h
JEFd LW, F PBS EEVE4NM 3 K, MA 1 mL
TRIzol Z4fF L fR A0 ML, F A RNA $&HUA ) £ 42 e
RNA, % Nanodrop 2000C 43 6% BE 11 € RNA ¥ Ji
Je, R R SR &, o RNA KL% 5% A cDNA,
FH RT-qPCR HAR, o8 Caspase—3 Fll Caspase—8
PIANJR T AH 6 B ] 19 mRNA A X 32367k, 7R
ANk B R ] B —actin ME NS ILH, FHf ]
2—AA(}1?£[26: .
.11 HIESITSHH

RIS EAE(H FH SPSS 26. 0 AT BA I 25 7 22 5
Mt (One—way ANOVA) , XI5 LL “ F-I(H bR v
£" Fon, D P<0.05 #nEREBE, P<0.01 £R
ZES

2 ZERESW

2.1 bspD EFH PCR ¥ 1%
22 PCR Y J5 545 T 936 bp By bspD FE[H A Bt



- 86 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 6

(K1), ik Kpn 1 Al BamH T XSG DI A %6 5
(F2), WIHET pMD-bspD B4,

1 2 M

1. bspD £ H PCR 7= 4¥1; 2. FHPE % B PCR 7= 4J; M. DNA
Marker DL1000

1 #EKHFE bspD EFE & PCR ¥15

fLogeocc

1. f§ Y] pMD - bspD; 2. K Y] pMD - bspD; M. DNA Marker
DL5000,

B2 T|AHFEHK pMD-bspD HIEETILE

2.2 EARH pcDNA3. 1-EGFP-bspD HIEELI L E

4 JFi kL pcDNA3. 1 - EGFP —bspD 4 Kpn 1 FlI
BamH | XUREG O] A P 4 (& 3), WMoty g: T
pcDNA3. 1-EGFP-bspD HAZFE R E A

bp
10 000

4 000
2 000

1 000

1. WY pcDNA3. 1-EGFP -bspD; 2. K] pcDNA3. 1 -EGFP -
bspD; M. DNA Marker DL10000,,

B3 F|HFH pcDNA3. 1-EGFP-bspD WIESII L EER

2.3 BspD EHEERMMAPHIFRIE

B FIR AR L 24 0 5 A PO H) B B
K % B pcDNA3. 1-EGFP -bspD BRI (Kl 4A)
1 pcDNA3. 1-EGFP =5 & /A iy xf B2 (18] 4B) ke
INEREIE, R, Western blot 34T 7,
5 Yy pcDNA3. 1-EGFP 25 A iy BEZH o th 304 5721
5, MY peDNA3. 1-EGFP -bspD 41 7E 36 kDa 4t
HBELEESEME BRI ZAHT (B 4C), W BspD & A LA
TE RAW 264. 7 4l ik

100 pm

A. pcDNA3. 1-EGFP-bspD 5430 ; B. pcDNA3. 1-EGFP 5430, C. Western blot £l BspD 2K [0 F kL5 4, Hih M A2 Marker, 14
pecDNA3. 1-EGFP-bspD 34K, 2} pcDNA3. 1-EGFP #{&, 3 & pcDNA3. [-EGFP-bspD 214K, 4 & pcDNA3. 1-EGFP #4&, 1 F1 2 i—3i A BspD

HE /DAY, 3 14 i—Hik BspD & H AR AERT/ B9 ML

B4 JRAELEN BspD EHHRIE



B S®E 2025 4F

W57% 46 g7.

2.4 BspD EHXHF MR RN

B IR ARG YL 12 F1 24 h JE A FHZEOGE 8
AN % B pcDNA3. 1 -EGFP —bspD 11 pcDNA3. 1 -
EGFP 75 #i k¥ R gk o o, R\ Y T (K
SA) . 4N M PERE I 25 SR R, peDNA3. 1 -EGFP -
bspD F1 pcDNA3. 1-EGFP T FUkiF4 % 12 h J&5 0D,
AR 111 1,15, 25 (A B4k 1.22;

A 12 h

pcDNA3.1-EGFP-bspD S

pcDNA3.1-EGFP

23 NI

pcDNA3. 1-EGFP—-bspD F1 pcDNA3. 1-EGFP E 41 Jit ki
ey 24 h J5 OD s (65308 1.06 Fl 1. 11, =5 X R
K 1.25 (ESB), B YBIEMEER, 0D, 6
WS RREAR, HAHAERARE (P>0.05), 45HR%E
B, pcDNA3. 1-EGFP - bspD i £H JFi ki 5% Yk 40 o )
X2 M TCBE PR SN

24h _ B

@ pcDNA3.1-EGFP-bspD
0 pcDNA3.1-EGFP
s Dz

-r .

B YL} R /h

B 5 FRAELME (A) X BspD EAX RAW 264. 7 AR SHE (B)

2.5 BspD = A X4 Bt 58 A B2 0

PR IR RS 12 F1 24 h J5 R FHZOCE B B
BSR4 PR peDNA3. 1 -EGFP —bspD F1 pcDNA3. 1-
EGFP Z5 8RB Rk .98, RIFL YY) (&
6A) . A iy 3G 5 K I 25 SR & 7R, peDNA3. 1 -EGFP -
bspD Fll pcDNA3. 1-EGFP B TR AL G% 12 h J5 0D,
B4 9 4 0.88 F1 0.75, =5 (A X 40 K 0.69;
pcDNA3. 1-EGFP-bspD 1 pcDNA3. 1-EGFP 2 ki
U 24 h 5 OD (B4 510 1.28 F1 1,17, 25 AR
R 1.07 (K 6B), BEEFIMHBIEL, 0D, fE
MR, AAHERARE (P>0.05), 45HR%E
], pcDNA3. 1-EGFP - bspD T 2H JFi b i e 40 0 )
XoF 24 L B TG ik 2 S
2.6 BspD ZF B X4 R E F 43 i B9 22 0

K7 WoR, 5P E AR pcDNA3. 1-EGFP-bspD

FIARME E 3R TIFN—y F1 IL-4 B93-S &8 T
pcDNA3. 1-EGFP % G4 flzs G X 4l (P<0.01),
TR pcDNA3. 1 -EGFP —bspD Y4 Th1 R4 ity
T IFN—y 43K -5 Th2 BI40H R T 1L-4 5943
WK . 45238 BspD #5155 RAW 264. 7
YA 320 Th1 BRI ALK F0 Th2 BYAHARLEE
2.7 BspD EBXHMATHXERRIEZNZIY
Ml 8 W J1, pcDNA3.1 — EGFP - bspD #ll
pcDNA3. 1-EGFP S 41 Fukif% Y« RAW 264. 7 4fiffl 12 h
24 h 5, RAW 264. 7 i Caspase—3 Fl Caspase—
8 MYAHXT FRIR K- g T 25 O R, (HAS 2 25 S oA
B (P>0.05), 250 EW, pcDNA3. 1-EGFP-bspD
TR Y AN S, X A M rh A T AR DGR R i 2R
pRIE S AR



- 88 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 6

pcDNA3.1-EGFP
P = TN

pcDNA3.1-EGFP-bspD &

B pcDNA3.1-EGFP-bspD

.

12

pcDNA3.1-EGFP N
EEYuit /b

B 6 AR (A) & BspD EAXT RAW 264. 7 HEIE5EEES (B) BIEIN

A ) 12 h 24 h

pcDNA3.1-EGFP-bspD

pcDNA3.1-EGFP

B = EX3 —_ ————
% 300w ) 9 300 ,ﬁ.'—L' ) = pcDNA3.1-EGFP-bspD
; & pcDNA3.1-EGFP
& 200 ® 200 [=E={= Py
‘32( _ o)
® 100 g 100 .

; [1 BOMT al Pl
z =
0 . " = 0 TR —
= 12 24 12 24
B YLt [H] /h YL} ] /h
* % P<0.01,

7 FRAIEESME (A) K BspD EAXF IFN-y 1 IL-4 it (B) BIRME

24



BHEEE

2025 4F

H578H He .89 .

B

Caspase—8 ¥ HH X} Fik it

207 @8 pcDNA3.1-EGFP-bspD

@8 pcDNA3.1-EGFP

L5p O SExE

1.0F

0.5F

0.0

il

eyt a]/h

E 8 BspD EHE AT #HXEE Caspase—3 (A) F1 Caspase-8 (B) TRiZHIZIN

A
201
= SR pcDNA3.1-EGFP-bspD
ﬁ 15+ @ pcDNA3.1-EGFP
= O 2 FIXH
g
2
o
b
g 0.
(=9
2
© 00
12 24
YL} E] /h
AJ A
3 itig

A BCAF B S — R e AL A TR A e, B RTTE
V2 B G XA A REIG B, T4SS 2 A1 [RAT B 1Y
HERE PR GE, L6 [CHTTE 1 M P A3 rh R 5%
MR Myeni 257 (UBFSE K BE, BspD &1 A
WEEH, JfEi TEM-1 Fl CyaA 4 7 fl & il 5 %
B, BspD [ HA C Il TEM-1 47 B oR i
T T4SS 5y i, F W BspD 2 10l fig AN H 4 T4SS 5
£, AT BRI 3 Wb R Gl i e AR S TR 2 S
Myeni 2500 38 % BR, T4SS (1) 31 BE 52 0 IF 3 A 52 i
BspD F& (140 Wb, EHEN BspD AR PR A~ sl
AL oI R G, RIEAYIME B2E B 5T 45 R
/N, BspD BAARZE SN, HA%EKE, BE&A
PERELER, IR EA 17 ASBERR AL LR 11 Sk
ERE, HTREH L o120 £ EI R
TG ML T A% R IB AR pcDNA3. 1-EGFP -
bspD, Y RAW 264.7 4HfifL)5, BspD & 1 nl 7E 40 g
WK, JEEA R RN REME, Rhit—B ks 3
HARE UL T AR,

AT VEEUY pcDNA3. 1-EGFP k&4 £ 7ikk
PL, AT IRAMNEIED | Tz T 3 s A
I DNA 2 B 5E 270 ThRbaR A0 A T 4 4
ALK FF (CTGF) ) peDNA3. 1 B0 335 ik
(pcDNA3. 1-CTGF) , g« N iUB#E 40 Sa0S-2 )7,
e e bR e Rk, MU s T A Bk R
BALEE 2 (ACE2) B peDNA. 3.1 ELA% %635 ki
(pcDNA. 3.1-ACE2), #yerpE 4 RIWE (CHO)
)5, K BT LIZE CHO 40 h 23k ACE2 EH.,
Uk e A by BLVR A% L EE 1 85 (NUPSS) Y
pcDNA3. 1 EA% 3R ik BT A ( peDNA3. 1 -3 xFlag—c¢ —
NUPS5) , Y/ NELE W4 RAW 264.7 J5, NUP85
RERSAM GG 20 (LPS) JM A RAW264. 7 4t 3%
SIS AT, Jf H NUPSS5 {2k LPS Hi i RAW
264. 7 M REE N F I ZE -6 (IL-6) Filik

JEFAH T -a (TNF-a) 35, RAW 264.7 4l
FIRE L 2 IRFF R 4 i, AF R E T
pcDNA3. 1-EGFP —bspD ELA% 33K kL, # Ut RAW
264. 7 4L, {ESE BspD &R ABEMETEA M T FRIL, A
WF5E BspD 8 1% fi 2 40 i A= B RE A 52 W 25 5 T
FERl,

IFN-vy J& T Th1 BUZHMEE T, BERIETE fb % 2% 4h
7 A G B BR AR T 1gG2a™" , IFN—y 2 EL W0 i A T
TEYET AT, B TS B A0 A DL s R A
VEFH I 30 55 T Al A 4 ) 53 TRN —y W] R 800G
1) CD4" T 40fd, CD8" T 4l F1 A SR AM 4 (NK)
YU, YA AT BRI 4, B R 8 IFN—y
SER AL, G, TEN—y ZEAR BRI P AR FCAT 18, 4F
SR AT R R R R ZAE . IL-4 % H
CD4" T 4iffay™=A=, 4757 4 T 0 S e i 2%, IL-4
J&T Th2 BUARAEIA T, Th2 20 o] 4 A FC AT B 6 78
FER . IL-4 2 —FhPr R IE -, ATHEHOR R HUE D)
IR, Fek TL—4 AT BT AR G 15 A P
NS ARHEFSE &P, peDNA3. 1 - EGFP - bspD % Y4
RAW 264. 7 4}l 5 7] 75 5 240 i 73 W 45 v 7K - 1Y TFN -
vy M IL-4, FH] BspD #7155 Thl F1 Th2 R G
o RE N

YRR TR AR AR P SR T, R IR B0
AR A EEAE M A ISR AT 0 g 3 20 Y
T, REIFE R E P AETR R H Y sk, Bk
BL ¥ A5 28, Caspase—3 Fil Caspase—8 4N T
BB F . Caspase—3 23 M) 12, A ZEMKEL 40
R UE A R P s 2R, T BB S R G AN A
TR B R A ECRT R R 1 3 A0S AT
Caspase — 3 ) 35" AWF5E % B, peDNA3. 1 -
EGFP-bspD %4 RAW 264. 7 45 521 Caspase—3

F1 Caspase—8 W55,
4 Zig

H IR TR pcDNA3. 1-EGFP-bspD 54 RAW



- 90 -

Animal Husbandry & Veterinary Medicine

2025 Vol.57 No.6

264.7 4ij)5, BspD & HABEUETE RAW 264. 7 21 fifd H
Feik, BspD 2 AT % S 40 M 43 36 Thl 7RI 40 g K 1

(TFN

—v) FI Th2 I A F (IL-4), X} RAW

264. 7 AT BEME I N, AN, BspD 8K [0 40 A 3%
BRI 20 LI T~ AH G 3 PR 9 58 T B e, ARBIF9E
ik BspD HATENE FANMEM BAER A, JFETHAE
T AN P A9 A P D e RS M BIL I BE 2 T LA

SR

[1]

[4]

(8]

[12]

[14]

ROOP R M II, BARTON I S, HOPERSBERGER D, et al. Uncove-
ring the hidden credentials of Brucella virulence [ J]. Microbiol Mol
Biol R, 2021, 85 (1): e00021-19.

ATHANASIOU V, PAPAGIANNIS S, SIONS G, et al. Prosthetic
knee joint infection by Brucella melitensis [ J]. Cureus, 2022, 14
(10) : €30088.

SPERNOVASILIS N, KARANTANAS A, MARKAKI I, et al. Bru-
cella spondylitis: current knowledge and recent advances [J]. J
Clin Med, 2024, 13 (2): 595.

NARIMISA N, RAZAVI S, KHOSHBAYAN A, et al. Prevalence of
Brucella endocarditis: a systematic review and meta—analysis [J].
Health Sci Rep, 2023, 6 (5): e1301.

ALIKHANI A, ABBASPOUR KASGARI H, MAJIDI H, et al. Bru-
cella pleurisy; an extremely rare complication of brucellosis [ J].
Clin Case Rep, 2022, 10 (9): e6366.

ALKAN S, DEMIRAY E K D, TARHAN N, et al. A case of Brucel-
la pyelonephritis: a rare case [J]. Iberoamerican J Med, 2022, 4
(2): 113-117.

NASEER A, MO S, OLSEN S C, et al. Brucella melitensis
vaccines; a systematic review [ J]. Agriculture, 2023, 13 (11):
2137.

VON BARGEN K, GORVEL J P, SALCEDO S P. Internal affairs .
investigating the Brucella intracellular lifestyle [J]. FEMS Microbiol
Rev, 2012, 36 (3): 533-562.

ELLISR E, YUAN J Y, HORVITZ H R. Mechanisms and functions
of cell death [J]. Annual Rev Cell Dev Bi, 1991, 7. 663-698.
ARENDS M J, WYLLIE A H. Apoptosis: mechanisms and roles in
pathology [J]. Int Rev Exp Pathol, 1991, 32. 223-254.
HRSTKA R, STULIK J, VOJTESEK B. The role of MAPK signal
pathways during Francisella tularensis LVS infection—induced apop-
tosis in murine macrophages [ J]. Microbes Infect, 2005, 7 (4):
619-625.

LIT, XU Y, LIU L, et al. Brucella melitensis 16M regulates the
effect of AIR domain on inflammatory factors, autophagy, and apop-
tosis in mouse macrophage through the ROS signaling pathway [ J].
PLoS One, 2016, 11 (12). e0167486.

PU X, STORR S J, ZHANG Y, et al. Caspase—3 and caspase—8
expression in breast cancer; caspase—3 is associated with survival
[J]. Apoptosis, 2017, 22 357-368.

VAKKALA M, PAAKKO P, SOINI Y. Expression of caspases 3, 6
and 8 is increased in parallel with apoptosis and histological aggres-
siveness of the breast lesion [ J]. Brit J Cancer, 1999, 81 (4):
592-599.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

WAKIJIRA B S. The role of type IV secretion system in Brucella viru-
lence: a review [J].J Vet Heal Sci, 2021, 2 (1) : 30-35.

LI Z, ZHANG J, ZHANG K, et al. Brucella melitensis 16MATcfSR
as a potential live vaccine allows for the differentiation between
natural and vaccinated infection [ J]. Exp Ther Med, 2015, 10
(3). 1182-1188.

LI Z, WANG S, ZHANG H, et al. Development and evaluation of in
murine model, of an improved live—vaccine candidate against brucel-
losis from to Brucella melitensis yjbR deletion mutant [ J]. Microb
Pathogenesis, 2018, 124, 250-257.

ZHENG M, LIN R, ZHU J, et al. Effector proteins of type IV secre-
tion system: weapons of Brucella used to fight against host immunity
[J]. Curr Stem Cell Res T, 2024, 19 (2): 145-153.

Sl &, FGEHN, RRTCHR, S5 A5G T IV AL R SUBON A Y
WroRitE [J]. hESEER, 2018, 38 (3): 602-608.
MYENI S, CHILD R, NG T W, et al. Brucella modulates secretory
trafficking via multiple type IV secretion effector proteins [J]. PLoS
Pathog, 2013, 9 (8): €1003556.

b, fong, AR, 45 SIB dUBRIK ROP16 B A 45 g
RAW264. 7 ISE B W50 [J]. BB BE R 2222 4], 2015, 50
(10): 1367-1372.

EBA, BBUE, 288, % ME KA HEE BspA Fl BspB
BRI BRI MAE R 3R 2 A b i s [J]. W
Felp B, 2022, 51 (8): 143-149.

WENG M, GONG W, MA M, et al. Targeting gallbladder cancer:
oncolytic virotherapy with myxoma virus is enhanced by rapamycin in
vitro and further improved by hyaluronan in vivo [J]. Mol Cancer,
2014, 13. 1-15.

WANG R, YANG X, LIU J, et al. Gut microbiota regulates acute
myeloid leukaemia via alteration of intestinal barrier function
mediated by butyrate [J]. Nat Commun, 2022, 13 (1) 2522.
FATEHI Z, DOOSTI A, JAMI MS. Oral vaccination with novel Lac-
tococcus lactis mucosal live vector—secreting Brucella lumazine syn-
thase ( BLS) protein induces humoral and cellular immune protection
against Brucella abortus [ J]. Arch Microbiol, 2023, 205 (4):
122.

LI Z, WANG S, ZHANG H, et al. Transcriptional regulator GntR of
Brucella abortus regulates cytotoxicity, induces the secretion of in-
flammatory cytokines and affects expression of the type IV secretion
system and quorum sensing system in macrophages [J]. World J Mi-
crob Biot, 2017, 33 (3): 60.

MARCHESINI M I, MORRONE SEIJO S M, GUAIMAS F F, et al.
A T4SS effector targets host cell alpha—enolase contributing to Bru-
cella abortus intracellular lifestyle [J]. Front Cell Infect Mi, 2016,
6: 153.

B, BRSO, B G RIESWE N BspD £ 50k
Vol g ML 20 (1], PEEREE, 2021, 48
(2): 676-684.

HARZANDI N, AGHABABA H, KHORAMABADI N,

Efficient immunization of BALB/c¢ mice against pathogenic Brucella

et al.

melitensis and B. ovis: comparing cell-mediated and protective im-
mune responses elicited by pCDNA3. 1 and pVAX1 DNA vaccines
coding for Omp31 of Brucella melitensis [ J]. Ira J Biotechnol,
2021, 19 (1): €2618.

SHOJAEI M, TAHMOORESPUR M, SOLTANI M, et al. Immuno-



BHEEE

2025 4F

957 &

ol .91 .

[31]

[32]

[33]

[34]

[35]

genicity evaluation of plasmids encoding Brucella melitensis Omp25
and Omp31 antigens in BALB/c mice [J]. Iran J Basic Med Sci,
2018, 21 (9): 957-964.

HRE, T, XD, peDNA3. 1 (+) —CTGF FA%#KIAIR
R B AL L BRI Sa0S-2 AR P i Fsk [T].
T A AR 2R, 2019, 35 (6) ; 573-576.

FfL, EHL, EAfed, 45 ORI BURL peDNA. 3.1 (+) -
ACE2 Mgt J A2 CHO # il b iRk [J]. FH S HE,
2018, 50 (1) 54-58.

Whate, FIRUSE, AR, 4. BUK pcDNA3. 1-3xFlag—c-NUP85
FURZFGR PR A EE KGR Ay BB ST (1], ZRERLR 27
%, 2023, 58 (5): 794-799.

MOTAHARINIA Y, REZAEE M A, RASHIDI A, et al. Induction of
protective immunity against brucellosis in mice by vaccination with a
combination of naloxone, alum, and heat—killed Brucella melitensis
16 M [J]. J Microbiol Immunol Infect, 2013, 46 (4). 253-258.
DORNELES E M, TEIXEIRA-CARVALHO A, ARAUJO M S, et

[36]

[37]

[38]

[39]

al. Immune response triggered by Brucella abortus following infection
or vaccination [ J]. Vaccine, 2015, 33 (31): 3659-3666.
ALLEN J E, MAIZELS R M. Th1-Th2: reliable paradigm or dan-
gerous dogma? [ J]. Immunol Today, 1997, 18 (8): 387-392.
FERNANDES D M, BALDWIN C L. Interleukin—10 downregulates
protective immunity to Brucella abortus [ J]. Infect Immun, 1995,
63 (3): 1130-1133.

MA Q L, LIU A C, MA X ], et al. Brucella outer membrane protein
Omp25 induces microglial cells in vitro to secrete inflammatory cyto-
kines and inhibit apoptosis [ J]. Int J Clin Exp Med, 2015, 8
(10): 17530-17535.

FERNANDES-ALNEMRI T, LITWACK G, ALNEMRI E S.
CPP32, a novel human apoptotic protein with homology to Cae-
norhabditis elegans cell death protein Ced—3 and mammalian inter-
leukin—1 beta—converting enzyme [ J]. J Biol Chem, 1994, 269
(49) : 30761-30764.





