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B B IFRIACHRAODAGHRLIN R FALLEEL LR, S FRLEREFARMEER
& B X . AR #TE IRE AR NanoLuc KA F B#M & —A T AN A EH AR &2 TF %R
B, ATFHARALGAEH ARG AERALAETZ2EL. [A 6] #14& NanoLuc % bLHBE% L%
K, MHE—FATF NanoLuc K AEBREA GH AR B2 TE M A4, FELNE besp3l AR
B FA virB BE T iEMIRIEZ F ke AT, [F %) #2E NanoLuc 3% %% B8R A% & L BAK
PET-Nluc, 4% & %A E 2 KA RB & % LIEuk, vAS 18 24 pBBRIMCS A8 4, &K
#2 pNluc. pBcsp31l-Nluc #= pVirB-Nluc, i# if w44 4b 422 S2308(Nluc). S2308(Bcsp31-Nluc)#»
S2308(VirB-Nluc) E 28 @ #h, FEARINIEFRE&AF T M besp3l A B 3hF 4= virB B3h Fi& M, iy
M VirB B 3T A RS T Atk oz & FodE . [4£ R ] @i Rz &L KT NanoLuc 3%
REBEEHEEZE, FHE&FR M ST 1:100 000 ¢ % £ ik, mAME pNluc. pBesp31-Nluc F=
pVirB-Nluc /i #:v4 & S2308(Nluc). S2308(Bcsp31-Nluc)F= S2308(VirB-Nluc)E 28 #4k; RIMEHRE
T2 besp3l A B B3 F A2 virB B FiE M, R 2T pNluc AT AN HIRE LEH,
VIrB B#) F A HF 5 TRk e i 5 ToEN, £ X2 T VirB B3) FiEM AN B L LM
TR E, [£4] MET AT NanoLuc R AFBREASCHLR B2 TH M A4, F¥IEHL
TR A EH AR BT ER, AHRAEGRAFANRBARLTHERIE L2 T A,
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Construction and application of a novel plasmid for promoter
activity determination of Brucella genes base on NanoLuc
luciferase
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Abstract: [Background] Brucellosis is a zoonotic infectious disease caused by Brucella spp. and threats
the development of animal husbandry and human health. A novel plasmid was constructed for promoter
activity determination in Brucella based on NanoLuc luciferase gene (nluc), which is important for
research on regulatory mechanism of Brucella virulence genes. [Objective] Preparation of rabbit
polyclonal antibody of Nluc, construction of a Nluc reporter plasmid for promoter activation
determination in Brucella, and verification of the Nluc reporter plasmid for Brucella bcsp31 gene and
virB promoter. [Methods] The nluc gene was ligated into prokaryotic expression vector pET-28a and
constructed as recombinant vector pET-Nluc. The New Zealand rabbit was immunized to prepare
polyclonal antibody of Nluc protein. The plasmids pNluc, pBcsp31-Luc and pVirB-Luc were constructed
based on a broad-host-range vector pBBR1MCS. Brucella recombinant strains S2308(Nluc),
S$2308(Bcsp31-Nluc) and S2308(VirB-Nluc) were constructed by electrotransformation of plasmids. The
promoter activity of bcsp31 and virB were detected in TSB. The activity of virB promoter in Brucella
was compared in TSB and within RAW264.7 cells. [Results] The Nluc protein was expressed and
purified. The ELISA titer of polyclonal antibody was approximately to 1:100 000. The plasmid pNluc,
pBcsp31-Luc, pVirB-Luc and the S2308(Nluc), S2308(Bcsp31-Nluc), S2308(VirB-Nluc) strains were
constructed successfully. The results of bcsp31 and virB promoter activity in TSB showed that promoter
activity can be detected accurately in pNluc plasmid. The result of virB promoter activity in intracellular
Brucella showed that the activity of virB promoter is enhanced significantly. [Conclusion] In this study,
a plasmid for promoter activity determination of Brucella genes was constructed successfully. The
results of this study showed that the promoter activity of Brucella genes can be detected accurately in
pNluc plasmid. This study provides a novel strategy for determining promoter activity of Brucella
virulence genes, which may benefit investigation of Brucella pathogenesis.

Keywords: NanoLuc luciferase, Brucella, Promoter activity, Plasmid
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Oplophorus gracilirostris -2 5% R TR 2 () B Y
RICERSGE, BASFR/N, REUER . KOGRREE
G, Py EE FRaE . AR ATP 251, kg
Tl K MR WE(Fluc) . W B 9 K (Rluc) 4%
S POEERNE, Nluc EATSREREYE, H Nluc
DA IR E R B i RAT A R, T4
FmFa] | SRR I A, AR BRI R (E
Nluc 7E W 2. 30 40 i vh i R IE AT /R 5 18
U, DR, AR R DR A 5 B B I
FABR N 1
1 MRS H®
11 EFEMH

T ATE TR S2308 AR [ R B2 A AR
fIr; pBBRIMCS Jiifif Kovach ME f# - g4, ik
FEHM KGN FRIE(TSA . TSB)IH BD Al;
0@ AL ZH DNA R BO i & . R A i
(Escherichia coli, E. coli) DH5a #11 BL21(DE3)#5%
AHA ok /N R A AR DR S A
AL RARAECRHE A PR H s PrimeSTAR® Max
DNA FEG S FRGIMEN VIR H TakaRa 24+ ;
ClonExpress™ i v i 77 €2 W [ T MERELE My Rl
HAM AT ; pET-28a(+)Fukilld H Novagen A H];
BeaverBeads™ His-Tag & [ 4lifki 5 & F i 4=
YIRS A FRA F] 5 B-PER™ZN TR 2K 1 T B 7
H Thermo Fisher Scientific 2Na]; Hivh 2%l
AL IXANER LB B W55 /N BLRAZ B R 2 i 3R
&1 PCRS3¥IF5

Table 1 PCR primer sequences

RAW264.7 Il { 1 E R el ; pNL1.1 BTk Al
Nano-Glo™ % 5t 2 gk 71 £ F - Promega 2
wl. PCRBIMIFHIILZ 1, MAERIEN A NRA R
Gy

PCR {4 H ABI AFl; W%l A
Labconco 22 1) ; CO, X464 | Thermo Fisher 2y
Al Ak2E R SERINE [ Eppendorf A H]
1.2 A%
121 nluc EEZEREMNELHSL

L pNLL.1 Jhs RAsias , {5 eNluc-F/R k514
PCR 954815 nluc K:8 B, i [mlfiezlifk PCR 7
Y. FBR&IYENYIEE BamH I Fil Xho I fi§ 1)
PET-28a(+) ik, J& e ALmE) ™=y, 81 [F]
A, Baifbiy nluc T BS LK)
PET-28a(+)i% 4%, EH WAL KIHATI DH5a &
AN

DU PP 5y AT 2 SR, 4 T A %) 840 Bk i 44
4 pET-Nluc, Bl J5 ¥ 1% Jo br 5% 1k 2 KW AT 18
BL21(DE3)/&Z 540, AL IPTG (ZREH
50 mg/L)iffTifERIL, WERRIKDITE, B
20 min (¥)% 300 W, T{E 5 s, [A]#k 5s), 8 000 r/min
B0 10 min, 2B UTHEM B, 4 SDS-PAGE #E/K
HLUK M7, 133 BeaverBeads™ His-Tag 45 [ 4lifk
R A Ei P alifk Nluc 1, BCA & R EN
SE T G Al AL R TR, A3 AE T80 °C i
IR kA 25

Bk B 519575

Primers name Primers sequence (5'—3')

eNluc-F AGCAAATGGGTCGCGGATCCATGGTCTTCACACTCGAAGA
eNluc-R TGGTGGTGGTGGTGCTCGAGTTACGCCAGAATGCGTTCGC
pBBR1-F TTAATGAATCGGCCAACGCG

pBBR1-R CAATTCGCCCTATAGTGAGT

Nluc-F TGGCCGATTCATTAAGTCTTCACACTCGAAGATTTC

Nluc-R CTATAGGGCGAATTGTTACGCCAGAATGCGTTCGC

pNluc-R GTCTTCACACTCGAAGATTTC

Bcsp31-F TGGCCGATTCATTAAGAAACCCGACTATGCCATTC
Bcsp31-R TTCGAGTGTGAAGACCATAATACCAGTCCTCTTCCCGC
VirB-F TGGCCGATTCATTAAATGACAGGCATATTTCAACGCGAC
VirB-R TTCGAGTGTGAAGACCACCATAGGATCGTCTCCTTCTC
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1.2.2 ZRMEHASI &K ELISA FUNE

FAliA 5 9B AR SR BIR G LS, 4%
FE1 mo/ Rl ie = R A5, 1 %% Bk IR o8
AR, S f A B PR R 3 LA 58 e Afc A s
HoE 2 (L mg/ K)o 5 3 e LG, Bk
SR, 43 8 IS ASI HAL AR

PAgifesE A o9dist, 1 pg/fLEwk 96 fLtk, &
S%JIEAEFLET A, LARE R B S i —3T, HRP
CHUR i S AL ) i B S E T ST iR — 4T, RO
JE A TMB (3,3',5,5'- Pt F BRI e ) i (i (B (1
FH 2 mol/L BRBRZE 1Sy, FEARSASIN Agso (o I
6 1% 97 o) B (4 B PR L 375 ) AN 25 11 %6 B8 (PBST)
PIN>2.1 FI R BH M, AW, ZpRnl & 4% 5
AP, F38E0RAF T80 °C MR+
1.2.3 JRAHIHE

Pl pBBRIMCS Jivki Atsiti, f# ] pBBR1-F/R
F51%9) PCR ¥ 34 il 25 2 AL 9 pBBRIMCS Jiiki ;
DL pNLL.1 JFoki AsA , £ Nluc-F/R 4514, PCR
P18 nluc FEH A B (ARG T ATG), [FJHE
Ak 7 &% B nluc K2R A BRI £k b 1y
pBBRIMCS Jiiki, 442 )ik 2= Kkt A DH5a
JEZ AN, A TS A R R B iE
I JERL, %58 IERIG Ok fT 44 4 pNIuc.

S5k pNluc Bk A1 & R R S -6 2
fOBE ST, ¥+ besp3l Al virB LAY ST ik R
pNluc ki, BEARJ7: o L pNluc BB AR,
f#fi 1 pBBR1-F/pNluc-R A5 |#], PCR ¥ 34 J5 Y1 i 1]
Wi £ 22 A pNIuc JBokz; DA A& & S2308
FEPRI2H AR, i Besp31-F/R i VirB-F/IR Hy3]
¥, PCR 41 besp31 il virB JEHS 301 H B, i
Ik [ Y5 EE 4 3 R 6 o I I S0 e v b Y
pNIuc JiTkr , #4 % pBesp31-Nluc 1 pVirB-Nluc Jiiki .
124 HEHRBHFEKRNEE

TreAi & S2308 2 A TSB R 3R3kH, 37 °C,
200 r/min 3555 20804 KA (ODgoo 24 0.6-0.8),
VK¥# 15 min, 8 000 r/min 2.0 2 min WA FIRTTTE,
A B JCIA 25 B K DB IR 2 Ik, IMATJCEE )

10% H- i S B B ATTRE . A AIA 2 pg /9 pNluc,
pBcsp31-Nluc Al pVirB-Nluc JiTkr, 7K 10 min, 2.4 kV
400 Q &M TR OR R L 2 S2308 TRkE T, RN
A Z (20 mo/L)y TSA EAr e F kv, #4
74 52308 (Nluc). S2308 (Bcsp31-Nluc)Fl S2308
(VirB-Nluc) A bk, S 1B )5, IRAFEFA .
125 SIZENTESHT

afifb 1 PBS Wi BE 2 1 mg/mL, il #5FE it
17 SDS-PAGE BEZHLIK)G , HeED BASRREF LR, I
FH 5% Ag 7L ET A, 2 BT Nlue il iE b —Ht
HRP ARic I Ei e 19G S 53 & 5, i

ECL KW B A 1 i a.
& 95 S2308 $2308(Bcsp31-Nluc) il

S2308(VirB-Nluc)#tk, F TSB H;igEdkrh 37 °C,
200 r/min ¥5FR BATEON, B mL EK, &0k
SERERTLTE, Hil 2B T SDS-PAGE BERSHLTK IS
SRED EASERAT YRR, I S%BilEFLE A, T
AIBT Nluc FILE F—Pt JHRP FRicAIILEERT R 19G
J B S, i ECL Y B R T i o
1.2.6 Nluc B3 M m)

52 7% S$2308(pNluc) . S2308(Bcsp31-Nluc) Fi
$2308(VirB-Nluc) 3~ #tk, T TSB 35551 37 °C
200 r/min 3555 2 XPHCE R AT, BGE 5P R O
EVUVE, WMk (PBS) & HIATIE, WE
H: ODgoo {8, #¢ 1:1 AR ELIINA B-PER™ 414K
FARBGRF], #EiEPFE 1 h, 12 000 r/min B0
10 min, YgE 7, BX 50 pl 24# 3%, 1832 Nano-
Glo ™% St E AR &0 %E Nlue & J61H .

S2308(VirB-Nluc) % 35 Z X 5 K, 5ok
£UL5E, PBS EEVIE, 10 f5HMBIGIRA TSA
S, 37 °C K5gE 72 h J5 4k CFU, FBGE & #)
B B-PER 4 i 2 (B E BT, 2 Nluc &t
O ). RAW264.7 4R T 24 FLAR, A=
K2 HEA0H, DMEM BRI 2 I, #& RS
B0 40 8) 1:1 000 1 b ) 4 Ah S 4
S2308(VirB-Nluc),400xg &.0» 5 min, 37 °C J&4t 1 h,
PBS PRI 2 ¥k, IIAFF 100 pg/mL K REH R
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) DMEM, 37 °C Wi 1 h, PBS JE&40IE 2 ¥k,
MAEH 2% FBS 1 20 pg/mL JRK%E ) DMEM
AeFRAi, TS 2. 4 f18 h, filA 400 uL 0.2%
Triton X-100 /K244, HL 100 pl 247 10 £
FUR RIS 44 TSA S, TR g crUll, 5
M50 pL 2k 1:1 AR A B-PER 4l &
H PG, = WEE 1 h, 12 000 r/min &0
10 min, Wk B3, M2 Nluc SV

2 ZR545h
2.1 Nluc RiEFRHMEREBHELER

DL pNL1.1 Jitki At ,, PCR 47 #43K45 nluc Jt
A BL(# 500 bp, K 1), ZfEdlil Ltk ibn)
PET-28a(+)FTki(Z) 5 000 bp, & 1), EZNIIAYE
kL pET-Nluc %4k 2 Kzt # BL21(DE3)&Z
DM, M E 4 W K BL2L(PET-Nluc) .
BL21(pET-Nluc)%: IPTG i3k, WAERAKDITE
T, 26k W14 SDS-PAGE BRI HLIK 3 HT
SR BN HE A LW . DUEPa RS, RN
22kD (/%1 2), fdif] His-Tag & H24ifbiXFI & i
Hrafifk 53] Nlue 2 (18 2).

bp M 1 2

5000
3000

1500

1000
750

500

250
100

1 pET-28a(+)MEFHI & PCR 1 1& nluc £H

Figure 1 pET-28a(+) digested by double restriction
enzymes and PCR amplification of nluc gene

7¥: M: DL5000 DNA Marker; 1: pET-28a(+)WEFI=4; 2.

nluc " 547=4.
Note: M: DL5000 DNA Marker; 1: pET-28a(+) digested by double
enzymes; 2: PCR product of nluc gene.

kD M 1 2 3 4 5
170 — .

100
70

55 — e
40 — .
35 — ...
25 —

10 —

2 Nluc EAFEFN4{L

Figure 2 Expression and purification of Nluc protein

e M: BASTHEbE; 1. IPTG %A BL21(pET-28a);
2. IPTG %39 BL21(pET-Nluc); 3: ZU#s il 4: 2RI
PUVE; 5: 4k Nluc 2.

Note: M: Protein marker; 1: E. coli BL21(pET-28a) cells with
IPTG; 2: E. coli BL21(pET-Nluc) cells with IPTG; 3: Supernatant
from E. coli BL21(pET-Nluc) cells with IPTG; 4: Sediment from E.
coli BL21(pET-NIuc) cells with IPTG; 5: Purified Nluc protein.

22 ZRBERAYENNER Nuc EB RN
ST

alifb B IR A 9 IR e e = R AR
W RIYE , PAAlfbEE R, 4 ELISA I 3L
B 1:100 000, 7E 52k, i fe s Pk
I UE B il £ 19 2 e PR PR X AN FR 3k 1 il & 2R
I Nluc HAT 550 1 K0 (8 3) o

kD M 1
170 — ==
100 — we
55 — - e
40 — w—
35 -
25 — -

& — Nluc
15 — e
10 —

3 Nluc EBRERMES

Figure 3 Reactogenicity analysis of Nluc protein

e M: SRS RUEbRE; 1 404680 Nluc 5.

Note: M: Protein marker; 1: Purified Nluc protein.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HEPRIAE: — LT Nanoluc 2t 5 B 5 A1 & B AR RS 8l 51 PR SORL ARG £ K ] 327

23 FRAMEZER

Pl pBBRIMCS Fihi Atsiti, it PCR 47 343k
544 4 500 bp K/ pBBRIMCS JFk: B (K] 4A);
DL pNL1.1 ki it , PCR ¥ 14354524 500 bp K
/N nluc JER A By (K] 4B), PCR =52k Abi
PBBRIMCS kL F BriZ 4% , My 1 B2 ok pNluc,

it PCR #RAFLEMEILAY pNIuc JFokE, HAH
B4 5000 bp (& 5), LA™ i1 S2308 JE K4
MM, PCR 471455 besp31 FE K 1 virB 3 31
A BE, K/NVY5ISh 200 bp #1450 bp £ 47 (K 5), 3f
EEALR pNluc BTkiiEHz , #9487 pBesp31-Nluc
A1 pVirB-Nluc 4 JFiki
2.4 &R besp3l EREFzFH0 virB BahFiE
P54

% pBcesp31-Nluc i pVirB-Nluc Fkis % ik 2
LA R AR AR, M T AWM S2308
(Besp31-Nluc) Al S2308(VirB-Nluc), LAl & it
Nluc flfi i A—Pdt, X+ S2308(Bcsp31-Nluc)Fil
S2308(VirB-NIuc) k1 7 G e Bl 43 Afr, Horp Y A b
S2308 YENIHPEXS IR, A5 1) GAPDH HIAER
WS M. G5 R ER, 7R & besp3l J A

A bp Ml 1 B bp M2 2

10 000 5000
7 000 3000
4000

1500
2 000
750
1000 500
250
500 100
250

[# 4 PCR ##& pBBR1MCS (A)#A nluc £ X (B)

Figure 4 PCR amplification of pBBR1MCS (A) and nluc
gene (B)

1£: M1: DL10000 DNA Marker; M2: DL5000 DNA Marker; 1:
pBBRIMCS #3145 2: nluc JLEY 34

Note: M1: DL10000 DNA Marker; M2: DL5000 DNA Marker; 1:
PCR product of pBBR1MCS; 2: PCR product of nluc gene.

bp M 1 2 3

5000
3000

1500
1 000
750
500
250
100

5 PCR # 1 pNluc.bcsp3l EE B F & virB BT
Figure 5 PCR amplification of pNluc, promoters of bcsp31
gene and virB

#:: M: DL5000 DNA Marker; 1: pNluc §"3#/™=4; 2. bcsp3l

FEES S FY Y5 3: virB ST
Note: M: DL5000 DNA Marker; 1: PCR product of pNluc; 2: PCR
product of bcsp31 gene promoter; 3: PCR product of virB promoter.

Ja 8 FHvirB i3 3 FBE RPN K5 Nluc it 5L (&
6), A #k S2308 JC Nluc IR . Z )5 & il
FE T HRAMEFR R S2308(Nluc) . S2308(Besp31-Nluc)
F1 S2308(VirB-Nluc) i ¥k i & 6 E , 45 R B oR
$2308(Bcsp31-Nluc) Fl- $2308(VirB-Nluc) & St {1 ik
55T S2308(Nluc) (& 7), UEBA pNluc JFi ] LA
T 5E besp31 FLKFN virB HL R B R 3 iE A
25 HER VIrB BHITFHRAIFSIEESH
kR T Nlue F PSR aIF5RR
RO HTRYAIATIE , BT T virB BEIR R Bl TEA
G RSN IR R AR GOIR ST 0 PE . 25 R
N, ATE AR R GURAET virB B sl FiE M R
TR TR AT R ITE T, ELA A rR B 4
2. 4 F18hH}, virB JHZFIGTEAEIER(E 8). %
S5REH pNIuc k7 m] DATEAN I IR YL 451 T A1
FSE RSPt DURJA sh st sha 1k
1 2 3

GAPDH — /(e M,

Nluc — - | ———

6 % J& EP i I E  S2308(Bcsp3l-Nluc) #A
$2308(VirB-Nluc)# Nluc B i%

Figure 6 Identification of Nluc expression in
S2308(Bcsp31-Nluc) and S2308(VirB-Nluc) by western blotting

Note: 1: S2308(Bcsp31-Nluc); 2: S2308(VirB-Nluc); 3: S2308.
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100 xxk

Relative intensity of fluorescent
(RLU/(s* 10CFU))

7 KIMEFEMT besp3l EEBEF R virB BEIF
TEIES T

Figure 7 Analysis of bcsp3l gene promoter and virB
promoter activity in TSB

Note: **: P<0.01; ***: P<0.001.

1000

ok

800 -

600 | T

400 -

(RLU/(s* 10CFU))

200 -

Relative intensity of fluorescent

0
TSB 2 4 8

Time post infection (h)

8 VirB EHITRAFESEES T
Figure 8 Analysis of virB promoter activity in Brucella
within RAW264.7 cells

Note: ***: P<0.001.

3 WikES®

Nluc %2R il 56 & —Flopi B i it 5L 8 . AT
FUE L AL R IR A, MFAIF AR T
Nluc ZECR M ZH A 1, K E AR 1 A pimh =2 K
FIR 2 A5 Nlue Z5BEHTA, 4 Nluc 2O6HR
il B E—2 1 PR B 1 el a2 SR B R UE
PR nluc FE R AT 7E A ST besp3l FEKE 3 1A virB
JAsh PR TRk, BUR Nluc 7EAiE F I
o ELA 20 AL

besp31 [ gt A& R A — PR 1, HAT SR
kiR, RSP SRR, H BCSP3L &R HAR
R R, R — A R 12
WiAR), ABESEiE T PCR 474 besp3l L s 3
T A Bkt $2308(Besp31-Nluc) i bk, 38 2l i
Nluc G HIE pNIuc [T RE 75 HERR I 5 A1 & A ik
FURshFiGM:, ZBFIER pNluc ORI EE &R
ARG S T, A E RS BT
TE PR TR T — P T ik virB #4904
b A 45 T DU L2308 R 5 (TASS) 453, M Aii 5
I N AETR Y —Fh B S A R g R 700 A g
BRI , virB S\ 11l s , gy T4SS
T B A 5 A b S M P VA A G A, IR BCV
JIMATEAT 2 PR I e 7 T P A R ERE ) virB 48R40
T 7 AN N R S R SRR, IR pH.
BREZ S, AUFET T T Nlue iR
S WU M AR S5 R A B virB BT BT
PE, ESHAE S2308(VirB-Nluc) B b4 oM i 35 Fil sk
Ye/NREWEANN 2. 4 F18 h 1Y Nluc BEE T, A3
TEMPURYSIRS R virB 3 s v B s i T A A
REFRAMF IR0, HIRGL M) 8 h I virB Ji5 3l
TGRS ETHES, U] pNIuc ok RERE MERR S
PR A B 37 UM PN S G RS T A & 56 A B0 11
P, AT LA 3 S 2SI A 7k v R A 5 T
HUA sl F- 1 AR L 35
EREIZ IR M, HEgE Rk
PUAEIG T EA R S P ESERE . HRTC4EE
(AT B 8 TR DAL 73 s 22 M (lipopolysaccharide
LPS) . DY 4y i 2 45 (type IV secretion system,
T4SS) . XH 53 £ 4t (two component signaling or
regulatory system, TCS)5%, % &1 24375 A € 1 Jik
Y T A 7 T A P e e AR e R
PR AT, S A T R S SE DR X P
B SR LG 5 EEE L. B TR s
SRR R TEBELEH , Tian 2 M85@ 0 I 5 B3
WET Bl 5 M 20 43 B 1 A1 5 BROBT %) B 1 AH DGR 1A
vhpA BJa 8 FiG M, [RFEIER] vhpA JERTT7EA &
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W, USRS FIE TE R E s M T AR S
lacz 45 RS0, AR R G0 AT LA SRS A b G ) )
10 CFU A& rlE shFroidek. Bk, 2T
Nluc 262 i 15 A & i 3L R sh Fis R G
BT R SSE AR TR EE ISR | MR A R B
AL B9 T A

REFERENCES

[1] Boschiroli ML, Foulongne V, O’callaghan D. Brucellosis: a
worldwide zoonosis[J]. Current Opinion in Microbiology,
2001, 4(1): 58-64

[2] Von Bargen K, Gorvel JP, Salcedo SP. Internal affairs:
investigating the Brucella intracellular lifestyle[J]. FEMS
Microbiology Reviews, 2012, 36(3): 533-562

[3] Atluri VL, Xavier MN, De Jong MF, et al. Interactions of
the human pathogenic Brucella species with their hosts[J].
Annual Review of Microbiology, 2011, 65: 523-541

[4] Roop Il RM, Gaines JM, Anderson ES, et al. Survival of the
fittest: how Brucella strains adapt to their intracellular niche
in the host[J]. Medical Microbiology and Immunology,
2009, 198(4): 221-238

[5] Ferent J, Ruat M, Traiffort E. Investigation of the
proteolipid protein promoter activity during demyelination
and repair[J]. Differentiation, 2013, 85(4/5): 182-189

[6] Zhang X, Bremer H. Control of the Escherichia coli rrnB P1
promoter strength by ppGpp[J]. The Journal of Biological
Chemistry, 1995, 270(19): 11181-11189

[71 Hall MP, Unch J, Binkowski BF, et al. Engineered
luciferase reporter from a deep sea shrimp utilizing a novel
imidazopyrazinone substrate[J]. ACS Chemical Biology,
2012, 7(11): 1848-1857

[8] Tian MX, Bao YQ, Li P, et al. The putative amino acid ABC
transporter substrate-binding protein AapJ2 is necessary for
Brucella virulence at the early stage of infection in a mouse
model[J]. Veterinary Research, 2018, 49: 32

[9]1 Zhang L, Wu XA, Zhang FL, et al. Soluble expression and

purification of Brucella cell surface protein (BCSP31) of
Brucella melitensis and preparation of anti-BCSP31
monoclonal antibodies[J]. Molecular Biology Reports, 2012,
39(1): 431-438

[10] Boschiroli ML, Ouahrani-Bettache S, Foulongne V, et al.
The Brucella suis virB operon is induced intracellularly in
macrophages[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2002, 99(3):
1544-1549

[11] O’callaghan D, Cazevieille C, Allardet-Servent A, et al. A
homologue of the Agrobacterium tumefaciens VirB and
Bordetella pertussis Ptl type IV secretion systems is
essential for intracellular survival of Brucella suis[J].
Molecular Microbiology, 1999, 33(6): 1210-1220

[12] Sieira R, Comerci DJ, Sanchez DO, et al. A homologue of
an operon required for DNA transfer in Agrobacterium is
required in Brucella abortus for virulence and intracellular
multiplication[J]. Journal of Bacteriology, 2000, 182(17):
4849-4855

[13] Celli J, De Chastellier C, Franchini DM, et al. Brucella
evades macrophage Kkilling via VirB-dependent sustained
interactions with the endoplasmic reticulum[J]. The Journal
of Experimental Medicine, 2003, 198(4): 545-556

[14] Seleem MN, Boyle SM, Sriranganathan N. Brucella: a
pathogen without classic virulence genes[J]. Veterinary
Microbiology, 2008, 129(1/2): 1-14

[15] Porte F, Naroeni A, Ouahrani-Bettache S, et al. Role of the
Brucella suis lipopolysaccharide O antigen in phagosomal
genesis and in inhibition of phagosome-lysosome fusion in
murine macrophages[J]. Infection and Immunity, 2003,
71(3): 1481-1490

[16] Lacerda TLS, Salcedo SP, Gorvel JP. Brucella T4SS: the
VIP pass inside host cells[J]. Current Opinion in
Microbiology, 2013, 16(1): 45-51

[17] Altamirano-Silva P, Meza-Torres J, Castillo-Zeledon A, et
al. Brucella abortus senses the intracellular environment
through the BvrR/BvrS two-component system, which
allows B. abortus to adapt to its replicative niche[J].
Infection and Immunity, 2018, 86(4): e00713-17

[18] Tian MX, Lian ZM, Bao YQ, et al. Identification of a novel,
small, conserved hypothetical protein involved in Brucella
abortus virulence by modifying the expression of multiple
genes[J]. Transboundary and Emerging Diseases, 2019,
66(1): 349-362

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



