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FEBTEZ AT, yoF AR EMB Wz R AR HF EH, —FEF ZPHE FTRM R
BT, [8 8] AR yojX Fo yoiF IR B A & KB A e91E R . [ %1 A & KE (Brucella)
B A yeiX A= yejF BB B KR (AyciXF) A= © AR (CAyci XF) AT # R 80K IE , 3 B 3 AR B 89 478 &
F) ] RT-PCR Fo B-F FUAE F B % MAR M XIS K 2 yejX Ao yoiF 69T HE XA B30 T RIE 1, F)
A ChIP KI5 H 62 5 yejX A= yejF th¥e@ il i % 4 . KA F 4l pGEX-AT-1-c? THE G, #K
WK EB RIS 025 yoiX Fo yoF XA (4. (4R ArBE Ay XF 575 2 KT
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Roles of ycjX and ycjF in the response of Brucella to heat
stress

CHEN Jialu"?, ZHI Feijie'?, LI Shengnan'?, WANG Pingping'?, LI Bin'?*, DIAO Ziyang'?,
JIN Yaping'?, WANG Aihua"?
1 College of Veterinary Medicine, Northwest A&F University, Yangling 712100, Shaanxi, China

2 Key Laboratory of Animal Biotechnology, Ministry of Agriculture and Rural Affairs, Yangling 712100,
Shaanxi, China

Abstract: [Background] The response to environmental stimuli is important for the survival,
proliferation, and infection of bacteria. Fully revealing the molecular mechanism of Brucella in coping
with environmental stimuli can provide a theoretical basis for the prevention and control of brucellosis.
The available studies have demonstrated that ycjX is highly expressed in the bacteria under heat stress
and may be regulated by ¢°> and the expression of ycjF rises significantly during bacterial sepsis. The
two genes may constitute an operon in Gram-negative bacteria. [Objective] To explore the roles of ycjX
and ycjF in the response of Brucella to heat stress. [Methods] Heat stress test was performed on
Brucella suis S2, AycjXF, and CAycjXF and the survival rates of the three strains were calculated. The
operon modes of ycjX and y¢jF were identified via RT-PCR method. The activity of B-galactosidase was
determined to measure the promoter region activity. The chromatin immunoprecipitation (ChIP) assay
was employed to explore the endogenous regulation of ycjX and ycjF by o>. The pGEX-4T-1-6*
recombinant protein was expressed and purified. The electrophoretic mobility shift assay (EMSA) was
employed to analyze the binding relationship of o> with yciX and ycjF. [Results] The growth rate of
AycjXF slowed down compared with B. suis S2 and CAycjXF under heat stress. The co-transcriptional
analysis showed that ycjX and ycjF were in the one transcript of Brucella. The promoter region of the
two genes was active. The ChIP assay showed that 6°* can be enriched in the promoter region of ycjiXF,
and the EMSA determined that ¢’ can directly bind to yc¢jXF in vitro. [Conclusion] Under the
regulation of 6°%, ycjX and yc¢jF play a role in the response of Brucella to heat stress.

Keywords: Brucella; ycjF; ycjX; strain with double gene deletion; o> *factor; heat stress

M B — EMARBEENCERRZ .
EARBIEE | /G R/ SR A AL SR,
REfE UEAL & 2% A DL EOPL ] o 40 B8 Pl 3 A R
B 3 L AR I SRR (A R, dERF IR
Bfa e, A7 M) FHOE N R R 1 R A A7),
FEAN G NI, A B8 s A0 B B
S PENR B R A B o NN TR 52 B AR
WE S AR SEA, MATSEAR
Rt Z LA ER S R, A5 PR

SO AL & fE, Al o 5 RNA B4&
MM, % SR s AR s R ], o T ) R
025 [1 70 (heat shock protein 70, HSP70) ., DnaK
1 FstH 555 B2 G IR & & 101,
SRR, R 3 HRR S AL
B, yoiX FERIFRIEEE B, S HUR T RO
H KL 2 e T E SR NS MR GroEL .
ClpB Al HtpGP ™, A HFFEHEM yeiX Rl BEVE A4
KR I ZE] o MiEEEUS, 1R KnAT
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A T X PR RO T8 5 N IR AR T B
JIHy PSP BRI TS, KRB yoiX HEH 5 yoiF %
DRLAEX HH LT PSP #RGh RS, T . yojX S
LR T yoiF FER ) EEN0 yeiF Yihd—F
PURECER 1, ) o 0 A O ot B I ekt
M yeiX 5 yejF KD AT RE S [F] 2 5 40 1 L8R 1
HYAH G T BE -

T ERGE yejX Fl yej F e AR S BT N IS
FREVERT, AT A QT (Brucella suis) S2
K yeiX Ml yejF WEIERR (Ayci XF) S [k
(CAYG XF)HAT N O, X yeiX 1 yeiF
SERM IR T, HIG 3 F X EUE S B A TG
AT S E ;s RIEE, A G T S T UE
(chromatin immunoprecipitation, ChIP)-5 %% H,
VKL #5150 (electrophortic mobility shift assay,
EMSA)T FHFER T 62 5 yoiXF %R
WE, VWIS yoXF 254005 RPN
B SrFHLE, BT R P A AR E

1 #RE5xF*

1.1 ##
1.1.1  EHRFAS4

FERI A& TC R S2 BR(B. suis S2)H A 523 %
PRATE, B. suis S2 1 ycjX Fl ycjF WK IR (AyciXF)
5 AMA(CAYg XF) A S I S i . 3 5k
£, KpHF# BL21 Hl DH5o &3 5400 A
RIAEE A A 5180 H A6 SR A R4
AIRAF LY G, BARFIIE 1,
1.1.2 EBHE. ETEXFIFLE

RIS K GRS SR 2R (TSB) L [ MR K 3
NE(TSA). & FR %I F- L (LB) B F IR (LA),
bt W R A EOR A A o 2T R A B BUA
FG, RAAEARHABR A F] ;390 sl 6
qRT-PCR X, Thermo /23 +]; ARAEAE-B-D-nlk
g - FUHH T (o-nitrophenyl-B-D-galactopyranoside,,

ONPG), i 4 % ; PrimeSTAR Max DNA
Polymerase, T4 DNA Ligase., TRIzol, BamH I
HIPERZ RN VI, TaKaRa /3] ; Flag FRashiis .
Goat Anti-Mouse 1gG HRP Conjugate, 344
Y R PR F 3 DNA 4k €, Qiagen 2y
H); Protein A+G ®i¥k . /M 1gG. GST FEH 4L
Bk & . EMSA/Gel-Shift X7 &, 2z KA
Y RS H]; ClonExpress MultiS One Step
Cloning Kit, B MEREA: 1) (R 50 ) BHE A A BR A
Al PCRAX . SEWF 20 E & PCRAX, BEME
Z%t, Bio-Rad A#],

1.2 A&

1.2.1  yojXF XE F K E ¥k & B 4R E
5%%

Hi4E NCBI I~ GenBank it /A i (¥ 3 [8 )5 51|
yejX (GenBank % %55 NZ_CP006961)F ycjF
(GenBank 3¢5 NZ CP006961), #| A5
BEHIEAE yeiX 5 yoiF R R Bk I Bk o [
FH 20 B FE DR 2H B O S8R B B, suis S2 FEA
2H AR, 435K T B | 91%) Up-F/R il Down-F/R,
#E4T PCR; [RIATLA pET-28a JFki AAAR , K
1#%F Kna-F/R #47 PCR. PCR MWK F
(50 uL): PrimeSTAR Max Premix (2x) 25 uL,
F FHESI#(10 pmol/L)4% 1 pL, &4k 1 L,
ddH,0 22 puL.PCR [ 5514 : 98 °C 5 min; 98 °C
10s, 55°C5s, 72°C 2 min, 35 MEH; 72 °C
5 min, 433K yeiX EUFRIERE | yeiF T i)
BRI R A B B R BS
pMDI19-T #fk#EHz, PAFHERAEMA 19T-y¢iXF.
D TE A 1Y) B 2H 2 A L T e A% A B suis S2 2
YA, 37 °CHiFE 72 ho PRBURRTE, Kt
PCR i -4 e I R TR R A 24 R AvciXF

Ph B. suis S2 34 5 pET-32a R N AR ,
K514 ycjXF-F/R . pBB-XF-F/R ,pBB-Amp-F/R
3 9EET PCR $74% . PCR FWAAZ (50 pL):
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Table 1 Primers used in this study
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GIEY/ RN 519751

Primer name Primer sequences (5'—3")

Up-F CTCTGTTCGCACACGCGAAA

Up-R AGAACTCTGTAGCACCGCTATGCCCTCGCCGAAATTGC
Down-F TCCCCGAAAAGTGCCACCTGGCGCCCGCCTCCGCTGAA
Down-R GGCGATACTGCCGACAGCGA

Kna-F AATTTCGGCGAGGGCATAGCGGTGCTACAGAGTTCTTG
Kna-R ATTTCAGCGGAGGCGGGCGCCAGGTGGCACTTTTCGGG
ycjXF-F GACCCTGCATTGTCACAGGA

y¢jXF-R CTCATCGTCCGTCAGATCGA

pBB-XF-F AAACAAATAGGGGTTCCGCGATCGATGAAAGAAACCGGG
pBB-XF-R CTACTTATCGTCGTCATCCTTGTAATCTTTTCGGGCGTTTCT
pBB-Amp-F AGGATGACGACGATAAGTAGTTCGCAAAGTCGTGACCGCC
pBB-Amp-R GCCCGGTTTCTTTCATCGATCGCGGAACCCCTATTTGTTT
RT-F TTCTATCCTGTTTCCGTCCC

RT-R CCGTCTATGATGTCATCCGT

ycjX-P-F TATGCCCTCGCCGAAATTGC

ycjX-P-R AGACGTCGGCAATCTTATGCTC

ycjF-P-F TTCTATCCTGTTTCCGTCCC

ycjF-P-R CCGTCTATGATGTCATCCGT

qRT-PCR-F TGCTCACGGGACATAATCCG

qRT-PCR-R ACTCTCCAGAAAACCACGCC

o*%F GATCTGGTTCCGCGTGGATCCATGGCCCAGATGAAACTCCC
o%R ACCCGGGAATTCCGGGGATCCGACGTGCGCTTCCTCGATAT
EMSA-F AGACGTCGGCAATCTTATGCTC

EMSA-R TATGCCCTCGCCGAAATTGC

EMSA-R-FAM TATGCCCTCGCCGAAATTGC

FE R RIEER S IR A A DT A7

Note: The underline indicates the restriction endonuclease site.

PrimeSTAR Max Premix (2x) 25 uL, . FIif5]
Y110 pmol/L)4% 1 puL, itk 1 uL, ddH,O 22 pL.
PCR JZ ¥ %:f4: 98 °C 5 min; 98 °C 10's, 55°C
5s, 72°C 4 min, 35 ™M ; 72 °C 5 min, 14
Ty X 5 yeiF FEH MG 3+ . H R F Flag
PRZEW R B s FEFIAH ClonExpress MultiS One
Step Cloning Kit ¥ H ) i Beilbfrie e, &Ly
o 2 1 0 D TR L o B AR AN Ay XF,

37 °CH5 9% 72 ho PREUR TR , 2 HR TRIzol i1
VLA AR UE RNA, ZJ5 S B 5 sl Rl £ il

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

B4 5 RNA #5558 ¢cDNA. DL cDNA A%
M, ZH qRT-PCR {5 &bt B A5 E A7 e i o HF
18 1 9¢ Y6 7 PCR 5 Western blotting fifi & 4
JE S 0 [ Kb B AR A 44 0 CAyeXF
1.2.2  y¢jXF 3t f & K& RS i3 BY 22 1

B B. suis S2. AycjiXF. CAycjXF 43 5|35
F TSB ¥53: 3, 37 °C. 180 r/min 1H Jii ¥ PR 15
35 B WU K B (0Dg0=0.6), JH TSB %N
1x10" CFU/mL WY BREFES: . 43I ETF 37, 45,
50, 55 CKIHHIET 1 he RIGHBIHELT 10 1%

m.ac.cn/wswxtbcn
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R, AT TSA Vi b, 37 °ClE 1% 3%
72 h, HATHEEITEORT R AT,
1.2.3 BAFEXNHHE

) FH 5 S IR BRPE T S R yejX Ml yoj F 5
519 RT-F 5 RT-R (3¢ 1), BOSEUE K
(ODgo~0.6)I) B. suis S2 H, Z M TRIzol iR
FIE T F R BOE RNA . FI)FH 300 5% stk 5] 0k
RNA %% 5% 5 cDNA, PCR K:M7E B. suis S2 )
cDNA 5 DNA Hyttfe s fg il . PCR VAR R
(25 pL): PrimeSTAR Max Premix (2x) 12.5 uL,
bR WES (10 pmol/L)4% 0.5 uL, Bifl 0.5 uL,
ddH,0 11 puL. PCR Jehiz:fF: 98 °C 5 min;
98°C 10s, 55°C5s, 72°C 1 min, 35 PMEH;
72 °C 5 min,
1.2.4  B-FFEEHEFMEREN

FHSIHI*F yejX-P-F/R Fl ycjF-P-F/R 41
i yeiX Ml yeiF 1) 8l X8, A1) )R 2 40 )
TR R IR IE R I A B. suis
S2 B AR, 37 °CHEFF 24 hy RILR B,
PRECA T VX E T 20 mL TSB Bk &
XU K (0ODgpi=0.6). TE 2 mL EP & HIA
100 uL FH ¥, 600 uL Fi#4 Z-buffer (100 mmol/L
Na,PHO, .40 mmol/L NaH,PO,. 10 mmol/L KCI,
1 mmol/L MgSO,. 5.4 uL/mL B-Fik L) H &
B AR FEIR 25 B 200 pL 52 H: ODgoo fH . fIIA
100 uL %45 % 50 uL 0.1% SDS ZIFI A H K +,
HiENR A1 IR H 5 min, SRJE A 200 uL
4 mg/mL ONPG ¥R 4] 5 2 0 & I ic =i
WS #E AT E](T); il 500 puL 1 mol/L Na,CO3 i
WERIKZR S, L1k K 2mLEP &, 4°C.
12 000 r/min #.0> 5 min, B 200 pL B3 &
ODyyy 5 ODsoo fH o THHE MG~ : millor
unit=1 000x(OD429—1.75%xO0Ds00)/(ODgoox VX T)
W5 R E AR K B (ODgoo=0.6)EAT 10 185435 He A

B ST 5 2 mg/mL X-gal Y TSA - |,
BT 37 CClHIR S FRARN h 1 IR WAL TR 7K 4,
A
125 FEREeZEHLTIERE

Y (0, J5 A 2 3T HE (ChIP) IR B 2 2% SCHik[12]
H . S BRI RN B AR TR A vk,
# pBBori-Amp-o~> ki - L E5 1L 55 A B. suis S2,
1555 Feik o*? Fikk, 37°C. 180 r/min fEIEFE K
B 5% 2 WBAE K B (ODg00=0.6) » Protein-DNA 58
B JeimA 2.2 mg/mL % 5 B = Ak 25
10 min, 7ER7 3= 5 PO LA FE R 1% i AS
BX 15 min, 1848 %, PR ZM B 125 mmol/L
1 H & BRZ R AL R 4 °C .8 500 r/min 5.0 5 min
WER TR, 7E¥% PBS Hitisk 2k, 12 mL IP
Buffer #. DL 20%4RIFH S 24%, T/E 1 s
[IR% 2 s, SERMNZEAEIE DL, + DNA Fr Befi
WETE 200-500 bp A7, #7524 IS HIFE ML TE
4 °C., 14 000 r/min &[> 10 min., H 35 1/3
YER Input 4, 2/3 435N A HiALEERY beads
t, Hrh 41k Flag W28 huiRdl . 75 —41 8/
M IgG 4. 4 °CF a5 1T beads PEU,
WJEHL 20 pL FE A E4T Western blotting £l .
i A I YRR SR LA 10 mg/mL RNase A, 37 °C
K¥ 1 h, 0.2 mg/mL Proteinase K 55 °C/K¥#&
30 min. i DNA 4ifbif5] &2 H5 DNA.
1.2.6 SERIRFEE=E PCR (quantitative real-time
PCR, qRT-PCR)I&iE ChIP 45 R

F| Fl NCBI # /9 Blast-Primer 1. H. %31 ycjX
M yeiF J8 8 + XK 51 ¥ ycjX-P-F/R Fi
ycjF-P-F/R, VI4lifb )5 DNA F BefE it
7 QRT-PCR ., JZ i £51F: 95°C305s; 95°C 10s,
60 °C 30 s, 40 MEH; 65°C5s; 55°C 5 s,
HAi 5o 41k 1P 41, XFR4L -k 1gG 4, HE4ikt
fmh 3 ANEE T QPCR ¥, -l i 2744
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eI =1
1.2.7 BE#&FRIEHIK pGEX4T-1-6"* HIHES
F=EoRid

4 GenBank [ /M i B. suis S2 o° 3K

A (8 5 NZ_CP006961.1), #%it514%
o 2-F/R 15| A BamH IFEYI; 5. DL B. suis S2
R AR SE [ 41 DNA WA, PCR 3 o H B,
PCR W& & (50 pL): PrimeSTAR Max Premix
(2x)25uL, . FHF5IH(10 pmol/L)45 1 pL,
FiM 1 pL, ddH,0 22 uL. PCR i 4544 98 °C
5min; 98°C 10s, 55°C5s, 72°C 4 min, 351
¥ ; 72 °C 3 min, SEYVIE 1 pGEX-4T-1 Jit
B e o WY 4 N T Y B AL SR 44 R
pGEX-4T-1-6%2,

A 8 B ) 1) B AL R — 2 e Ak = R AT
W BL21 B4, HibE Wi T
£ 100 mg/L &R PPk AY LA K534, F 37 °C
TR G SR A R 95 . PREBUVE K R AP SRRV
AR A 100 mg/L 2 R HibEfy LB 55 M
37 °C. 180 r/min fH i K5 3% 2 %F $o 4 K A
(ODg¢=0.6), MMAZMREH 1 mmol/L %) IPTG,
37 °C. 180 r/min fHRFE IR TIEFRIE ., R
12h )5, 5000 r/min 0> 10 min A B A E %
TR, TEVK B TS 2R, g
350 W, BER TAE 3 s, [B1BK 3 s, B 2 IR ;
I GST 2 1 afifb il ) St S Fig k74l
b, difbJ5 E AN o, (R-A7T-80 °CH& .
FEHEWEEH NanoDrop 430 G EEALME , PRAF
A
1.2.8 ERBEKIBIRAE
I HL VK B iR 8 2 5 SCk [ 14]H0 B
B )5, MR yeiX F yoiF RS 31 KI5 |9
EMSA-F/R-FAM . EMSA-F/R, PCR ¥ 1 i
i FAM FRic AERE 5 RIS, PCR [ A
Z(50 uL): PrimeSTAR Max Premix (2x) 25 pL,

b TS I(10 pmol/L)£5 1 uL, itk 1 pL,
ddH,0 22 puL.PCR [ 5514 : 98 °C 5 min; 98 °C
10s, 55°C5s, 72 °C 4 min, 35 PMER; 72 °C
3min, o E A5 yeiX Ml yciF Ja 30T X 81 45
& W2 2% EMSA/Gel-Shift iz 71 & i 11 - 1k
17, TEBER LB AL d0 ORI sk 46
1.3 BESRITS5HH

RIGEAE R H SPAS 22.0 #1745 H40HT,
WL ¢ KRB R Ry 224007, *P<0.05 2557
%, #4P<0.01 254 % ; | H GraphPad Prism
8 HATLE,

2 BERXR504

2.1 yogXF EEREXEHS BN E AT
BEREE

PCR ¥ PG HM A B, yo X BRI
R 578 bp, yciF TERIEE 4 800 bp, RIE
FHFRPESEN B 1229 bp (K] 1A); ZRb4
PCR FRAHRlE FrBEA 2 607 bp (&1 1B); HLALALAL
G EAT PCR ik, ¥14 yeiXF EiiFR RS-+
B IR 4850 1 580 bp, T i[RI -8
B RS 2 343 bp, (A& [REH S2 HRAE
D] 21 A5 Al Ry B P % BT 1C)

PCRY 4% yojXF Ji 3+ . H B 5L K Fl Flag
FREZEH 3 137 bp [EI#N A BE(E] 2A). [EURNTUR HL
% A AycjXF J5 , Western blotting i 1% [F] I & #k
16 CAycjXF #: 3] YejXF-flag 4545, FEH ] 4h
AR EE S (B 2B). qRT-PCR PR K E,
AycjiXF KK B yejXF W3k, M CAyciXF Ki
D2 Fe 38, 2 B I DR B AR 1A R 5 [l 1 o g
(B 2C).

2.2 ygXF ERREXMHERE LR
220

PHHAE PSS B B, suis S2. AycjXF Fl

CAycjXF 1E 37 °CH; 3% 72 h Ja AT V& HEOE T

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

M 1 2 M 3

5000

2 000 3000
2000

1 000 1500
750 1 9(5)8
Zog 500

5

100 %88

B1 REKENWEREZE A: REKRHRTEB PCR, M: DL2000 DNA Marker; 1: ycjXF i
U 2. RAREERIER; 3. yoXF TUERIIE . B: yoXF I, Nl S5 RI0EG 2R EH aE
PCR, M: DL5000 DNA Marker; 1: ycjiXF @il FrBt. C: SRHEPRLE PCR, M: DL5000 DNA Marker;
1-2: S2 BRIHTEXTIE; 3. yoiXF b RIVEE - RIS R R I 4. yoXF T [RRE 5 R R LN

Figure 1 PCR identification of deletion strains. A: PCR of individual fragments of deletion strain; M:
DL2000 DNA Marker; 1: ycjXF upstream homologous arm gene; 2: Kanamycin resistance gene; 3: ycjXF
downstream homologous arm gene. B: PCR of fusion fragment of deletion strain; M: DL5000 DNA Marker, 1:
Fusion fragment. C: PCR of deletion strains; M: DL5000 DNA Marker; 1-2: S2 strains as negative control; 3:

ycjXF upstream homologous arm-kanamycin resistance gene; 4: yc¢jXF downstream homologous
arm-kanamycin resistance gene.

bp

5000
3000

2000
1500
1000
750
500
250
100

A bp M 1 B kDa M B.suis S2 CAyciXF & 10 -
S
5000 45 — 235 8t
3000 o — =
2000 =
E ZZ
750 35 — . z 2
500 EZ2 4r
: 5
250 8% 2f -
100 sz I_'I‘_I
1

B.suis S2  AycjXF  CAyciXF

B2 E#E&EE A [B4MTE PCR, M: DL5000 DNA Marker; 1: yeiX 5 yejF HE B S5 B
X3k, B: Western blotting % %€ [FI%ME k. C: qRT-PCR £%E ycjXF Sk M [MIFPRAR, *: P<0.05;
**. P<0.01.

Figure 2 Construction and identification of complemented strain. A: PCR of complemented fragment; M:
DL5000 DNA Marker; 1: Region of y¢jX, ycjF and promoter. B: Western blotting of complemented strain. C:
qRT-PCR of ycjXF deletion strain and complemented strain; *: P<0.05; **: P<0.01.

BHAFIE R, SR ER, EPEE AvgXF S 23 ygX Ny F IR FHIMEMB 3 FE
B. suis S2 Fl CAyciXF H LUAENG % i REAIG . & ¥ E

W] yej X Tl yej F S DR Bk 2R AT 1 A1 6 TR AR IR #4 BT ESBE R 54 RT-F 5 RT-R, LI 4A
R EE 1 (B 3). R IR UK BN, cDNA fil DNA &

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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P PR BURRIE 77 2677 . RNA £ BT BEOE 2%

£ 100} & CAyGXF KW yoiX T yoiF WiAHASBRER AL 5, fA7E

g Yo XF AT (& 4B).,

.Tg or ] K JH ONPG L (460 yejX Fl yejF Y

7, ﬂ.] il o4 B 1K B0 o FURE R B S T, 45 SR R
> A TG BER I X BRAT L L yoiXF 1

Temperature (°C)
Ja 3 F B A T (P<0.01) (B SA), i HAE &
B3 AREHRRHXT Brucella suis S2. AycjXF 0 4 X-gal BFHE &R N @& 5B). £

CAyGiXF BIHRTE (R SME K RO B0 . e :
H
Figure 3  Survival of Brucella suis S2, AycjXF and yejX M yejF 3 TR 35 ORI XA

CAycjXF under heat stress. *: P<0.05; **: P<0.01. T

A B bp

BSS2 RS04790 YejX I ; YcjF BSS2 RS04775

—N\

] IS %:% 2000
y \ 1 000
ATGA =
TACT 250
100

4 HERE ygXFERERBTH RT-PCR 241 A: JERKE . B: PCR A IZ5 R, M: DL2000
DNA Marker; 1: cDNA WBARYIGEER; 2. DNA MRy IELE R 3. BITEX IE
Figure 4 RT-PCR analysis of ycjXF gene transcription unit of Brucella. A: ycjXF gene model. B: PCR

detection of ycjXF gene; M: DL2000 DNA Marker; 1: Represent the amplification using cDNA as the
templates; 2: Represent the amplification using DNA as the templates; 3: Negative control.
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5 HERKHEygXF BAFEMESH  A: ONPG LLERKM - 2LRUM A E, **: P<0.01, %
INZESWRE; B WIS E S 8 TiE T

Figure 5 Promoter activity of Brucella ycjXF. A: B-galactosidase activity was detected by ONPG
colorimetric method; **: P<0.01. B: Promoter activity was detected by blue and white spots.
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2.4 EiH pGEXAT-1-6 > EA KL G4k
PCR ¥# o> HMF B R 909 bp, HED)
pGEX-4T-1 # K J5 #E17 %, 3£4F pGEX-
4T-1-6*2 B4 T kL (18 6A .6B) . % pGEX-4T-1-6*
FmAEN FH T4ifk, %4 SDS-PAGE Hijk, 3K
15T 5HHR/NMATFY 59.4 kDa (K 6C).

2.5 o2 % yeiX F ycjF B4R [E) 3875
HTHRIE 02 5 yejX Fl yeiF Z 18] (#9855 6
&, BAEAMIERERFEE DNA F BRI
250 bp £ 4 (K 7A) , F7 67 J5 2210 B0 225K . Western
blotting Z5 W /R, 7€ Input 4150 1P 4 H B & 46
(Kl 7B). F & 55 BIAE S 2F qRT-PCR Kl A&

B C
bp M 1 2 kba M1 2 3 4 5 6 7 8 9 kDa

180 —
135 —
100 —
75—

65 —8

59.4
45—

35— .-

25— =

6 EAFEACWMESANL A: o HIABE PCR, M: DL5000 DNA Marker; 1: o> H#y%E
K. B: pGEX-4T-1 #{AkM§1], M. DL10000 DNA Marker; 1: FH¥EXIHE; 2. B§¥). C: SDS-PAGE £
I pGEX-4T-1-c> LK1, M: Protein Marker; 1: R¥ES; 2. iFS; 3. MESUUE; 4-5: @25
FiEs 6: FUW; 7-9: VRN

Figure 6 Construction and purification of recombinant protein 6>>. A: PCR of o> fragment; M: DL5000
DNA Marker; 1: 6>°gene. B: Digestion of pGEX-4T-1 vector; M: DL10000 DNA Marker; 1: Negative control;
2: Digestion of pGEX-4T-1. C: SDS-PAGE detection of pGEX-4T-1-6>> recombinant protein; M: Protein
Marker; 1: Not induced; 2: Induced; 3: After ultra-splitting precipitate; 4—5: Supernatant; 6: Permeate; 7-9:
Eluent.

A bp M Sample B \Da M Input IP IgG 140 -
e 120+ 2.
2000 5 100} T
65— £
" 2 golL
1000 Heavy chain QE, 2
750 S 4t
500 45— = gl
250 £ 5l
100 " Rp0H2 ? | Ill
0

IgG 1P

7 FRERGRLTELER A BEAKKJEEAK, M: DL2000 DNA Marker, B: Western blotting
Bl o™ WA DL, C: qRT-PCR KGN o™ X} yoiXF IR 8 F R AERE, **: P<0.01, FREFWEHE
Figure 7 Chromatin immunoprecipitation analysis of the regulatory relationship between o°* and ycjXF. A:

Ultrasonic broken chromatin; M: DL2000 DNA Marker. B: Western blotting detection of 6> enrichment. C:
qRT-PCR detection of enrichment fold of 6°> on y¢jXF promoter; **: P<0.01.
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W, 1P HEES yoiX M yoiF #3301 X,

Xf B8 1gG Al 227 W (& 70). W o X yeiX
1 yeiF W Ja sh 1 XA #E R e & .

2.6 625 yejX M yojF BB FRIBEE

+ A
LA

EMSA IR FIWT o Xt yeiX Al yeiF R,
IEH A AREE o H AR ZETIN, DNA-E
FIBE BB g (& 8A); SEP A ARbRICH)
TREF B WG N, DNA-E [ & & 1038 />
(&l 8B). Z5 KM o’ W HIELE G B yoiXF 1A
Bl IX I

3 L& #

A& R AR E AN F LR
—, G R R A R B E R S TS
A S A A AT RIS R B Y A EC R TR —
AT R g FRE = | Rk AR 2
¥ o [F RpoEl., HWE L 48 LovhK i
AT o [HF PhyR 45 [m] 07 X 2R 858 ) g 017
A1 TG T AT A 28 5 U T 2 B0 HE A IS 1Y

o2-protein(ug) 0.0 0.0 0.5 1.0 1.5 2.0

GST-tag (ug) 0 4 0 0
yejXF-promoter (Ug) 1 1

0 0
l 1

Protein-DNA complex |

Free-DNA (el bt i

E 8 EMSA BiF 6 5 y¢jXF B FREES
EMSA 73t 6 55 yejXF Ja 8h 454

PRI T B R, TR SR
S SR 2 R A B A X TR
T FANMA AN TR, LE B T I IR B AR Ak
SRR EEE S R, 4R xR
AR A R 3E I R R AN TE I B SR e 3 I
Tk BN Z I I T A

AT G AEAS IR (AR R R B, Bl
I E AW T 5, AveiXF 5 B. suis S2 FlI
CAyciXF MIHAFIE R B FRMK, RIT yeiX A
yoiF Al S 546 R, 5 Choi EM7EK
J AT B R I 2 yeiX T yejF Rl BES: 5 41 T #103
PSS SARRL, SCERIRGE S, yoiX Y5 yoiF JEH
B B Yan ZEP0 248 AR PR RO\ T HE
AR 22 2~ 2 B 174 25, 11 Jo 3 i EL AR ) ) R
s 2 5MHCEERE . BUE yoiX Ml yoiF 2150
PR\ FRE R B DR 7 A WS, SHESY
HIReE LK, AHFFTE i 5 500 5 p-F
FUBETT RS A, UEBIA & IR yoiX A yoiF

K] e ] — 2 SR A FLJR 8l X LA T, X
PEIR yei X FN yoj F A AL fm) 2 5 A1 FQ B P

B

o32-protein (ug) 1 1 1 1
Negative probe (ug) 0 2 4 6
ycjXF-promoter (1g) 1 1 1 1

Protein-DNA complex

G e

Free-DNA

T

A: EMSA 51 6 5 yoiXF i 8 F454; B: 34

Figure 8 EMSA verified the binding of 6°> and ycjXF promoter region. A: EMSA assays of ¢ binding to

the ycjXF promoter region; B: Competition assays.
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WFFE B, 40 B X SR o
RIKIFEES RNA RS BHEE PR 5 5L 0 5%
SN[ Bt AR T R T LACKE 20 A N AT S A R
14 5 11 501 7 32 ol g 2 Delory S8R B,
PR R o” SEBEBURHRFE 42 °CTFHE
e K AR HFSE A ChIP IRIGHE ST yeiX Fl yejF
Z 5 IR AN HUR B 22 5 o 18 ) 9815,
M gRT-PCR 45 R B/5, o> BHF] yeiX Hl yoiF
)R 31 DX, SR & IRTE yoi X Fl yejF vl 3%
o N alifk o EAE M, R EMSA 5
B 62 5 yoiX M yoF W5 31 X I n] B 45
G, BRI E RE R yojX Ml yoiF 2 5403 T
% o W E VA A B TERNEORLS T AyejXF
AOAETE R B T, 3278 yejX Fll yoj F B[R B2k
I TCVE S B 2 1 5 2 5 A0 6 TR T RO, HED
yeiX Fl yejF 3L PRE AT 6 TR HRUW R AR S R
TSN G o2 Y, T HL T REAE A MR e 1S
HEEmARITSED, NM4ERnw A S,

AW R T A0S R AN yeiX Fl
VeiF BT o TR R RHEMER, il 0T
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