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multiple cellular processes and elaborately regulate the expression of genes involved in virulence, stress response and
antibiotics at translational level. In Xanthomonas campestris pv. campestris, insertional inactivation of MarR family
transcription regulator HpaR (XC2827) resulted in significantly decrease in virulence and increase in the production of the
extracellular proteases. Here, we reported that the genome of Xcc 8004 encodes nine MarR family transcription regulators. The
MarR family transcription regulators, HpaR (XC2827) and XC0449, were heterologous expressed and purified. In vitro MST
and Pull-down assay confirmed the physical interaction between HpaR and XCO0449. Phenotypical assay determined that
deletion of XC0449 resulted in substantial virulence attenuation. In vitro EMSA, in vivo gRT-PCR and GUS activity assay
identified that HpaR and XCO0449 coordinately act as the transcriptional activator to regulate the expression of the
virulence-associated gene XC0705, and eventually control the bacterial virulence and the production of extracellular proteases.

Keywords: transcription regulation, MarR family transcriptional factor, Xanthomonas campestris pv. campestris, virulence
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I H Invitrogen A+, TB1 4 H BioLabs A F] .
Py SE OB (Xanthomonas campestris pv.
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K pGEM-T Easy W H Promega 2
Al mBRE A pK18mob Fil pK18mobSacB, | %F
FEH AN pHMIL, pHMIT 2% o [E B # B ik
YIBI o B A ) B DR 2 2 [ R S R A . R
Ik#4K pET30a g Novagen A+, pMAL-p2X
4 H BioLabs A, SEE AT G IY WK 1.
113 FHRSTFEYFERH

£ Fh DNA BRI PEN DIEG . T4 DNA &4
H TaKaRa Fil Promega 2\ Fl . %5 F Taq lil4 B Qiagen
o] o HoA 3 A28 R A AR Y Oy 1
sk 1 Hr 4t
12 FHi*
121 SFHEYEEREREE

PCR ¥4 . WYl . &4z . AL KT
AN M A LA 2 B AR AR HE Molecular
Cloning™ 17 .
122 HEMIEFR&M

LB R 7R (AR 10 g/lL, FERHEEWIS g/L,
NaCl 10 g/L) M TH:3e KA &, HFRIEE N
37 'C; NYG HiFr¥E (HHEWRS g/lL, M)

x1 AARPEAIEGY
Table 1 Primers used in this study

3 g/L, Hil 20 g/L) FHTH5 3% B uh 3 o A T
(X. campestris pv. campestris 8004, Xcc), HiFEiR
JEh 28 °C; TENFE WIBSAMF TR E] MMX
B R (HIIME 5 g/L, (NH4)SO4 2 g/L, PP
“H 1 g/L, K;HPO, 4 g/L, KH,PO, 5 g/L, MgSO,
02 g/L) DIk XVM2 3% (NaCl 1.2 g/L,
(NH4),SO, 1.32 g/L, MgSO,41.23g/L, CaCl,0.11 g/L,
K,HPO, 0.022 g/L, KH,PO, 0.073 g/L, FeSO,
0.003 g/L, RA4# 1.8 g/L, HEMHE 3.43 g/L)., PR
) T i) e B R I ARSE (Rifampicin, 25 pg/mL),
KR %E (Kanamycin, 50 pg/mL) FUH W2 %
(Spectinomycin, 150 pg/mL).
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X5 T ke 140 Ay 2 0 P S ) 8 ) B 5 A A TR
PR #2245, ¥ pK18mobSacB Ak 5 —
FEIA 20 AR A B ORI S, T IR

S, G H A B AR AR B

Primer name Sequence (forward/reverse, 5'-3')
AXC0449-A TCTAGACATCTTGCGGAAGTAGTCGTG
AXC0449-B CATATGCACGCTGAGGCGATAGGG
AXC0449-C CATATGAGCGCCGAAGAACAGCAGAC
AXC0449-D AAGCTTCGGGAAGCGACGCAGTG
XC0449-F CATATGATGAGCGATCTCGACACCCC
XC0449-R AAGCTTGTCCTTGCTGGCCATCCG
tmMRNA-F CCAACGACGACAACTACGGT
tmMRNA-R ACGAGCACGGGCACAAG

gRT-0705-F TCAATGCGGCGTACTTCC

gqRT-0705-R TCGCCGCCCATCACAT

P0705-F GCCAAGTAACGCCACGCAC

P0705-R GACGTAGTCACCCGAAGAAGAAGA
GUS-0705-F GAATTCTCGTTTCCTTGCCAAGTAACG
GUS-0705-R GGATCCCCCGAAGAAGAAGAGACGCG

http://journals.im.ac.cn/cjbcn



FHE F/MarR RIFFEFREF HpaR 1 XC0449 th RIS B E R RERHNE 1503

1.24 HEYBURT . MAMEEREI T

HY 9 3% PR B Xcc 8004 X F AP E
(Brassica oleracea cv. Jingfeng 1) A% /7 it
B -3 S A7 0L

JiL ARSI + 4% PRIV B 22 ODgoo=0.4, B 1.5 pL
TEHA 0.1%ANAEHIER I NYG ik b, BT
28 “C ., J55% 48 h J5 1 1 © 100 1,/KI (0.08 mol/L I,,
3.2 mol/L KI) YLt 15 min. AT ACK Y Gk
Ve WS VE R B A i B R AT, RS SR
3WMEL .
1.2.5 & RNA#I%. RT-PCR A& qRT-PCR

KL RNA B - B IR RS 3733 3 ODgop =
0.4 5, F XVM2 5532308 2 Ik, F XVM2 £
Fr 15T 10 min, ZJ5 K Trizol Jrik$2 It RNA,

RT-PCR: % 5%i57 & (Promega, catalog
#A3500) J#:5% RNA NE#45E cDNA,

qRT-PCR: J#%J5 ) cDNA 1EMH, &%
% R W R B A BR S W Hieff™ gPCR
SYBR® Green Master Mix i B 5 it il ;2 i AK 2 .
1.2.6  GUS ¥ %Rl &1 1 S B 15 P00 28 52 B

FE GUS %% k5 58814 . LA Xce 8004 i1
DNA fE Ak, P H XC0705 JL#L IR %1
ATG ik 2= SD (Shine-Dalgarno) J¥%1 ) 200 bp
RERGT, REESEY), LS gus FEH
pHM TT iR 3% #2159 2009 41 ok i o 5 ik &
Xce B AR R Bl 58 AR (K MR Bz S A M b, SR,
Fit 17 56 1F 1 4 B R TE 6 T A

GUS il 15 W 22 = 2o 7% 15 5% 4l o % 4 2
ODgoo N 0.4, F XVM2 RiREUEE 2 K5, 1F
XVM2 345 Fi75 5 10 min, B2 mL H i T 1.5 mL
A EP E, BEOWEBRARET, RIET
-80 'C. 7EEEEHNA 300 uL PBS, HEHAG
AR E R 1 mmol/L Y AR 3 T B R
(PMSF), i#FfrdEsfR A, P4 30s, M
15 ANME, mEEOR EENEAMS . H
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Coomassie Brilliant Blue G-250 Protein Assay
(Bio-Rad) &5 HE4 7 85 F U o, MR 52 P i B0 B
FEEREM . BURBLFIER 10 L, A 96 1L
M, BEHA S (1 mmol/L 4-H 54T il -
B-D-# &M 5 PBS MIIRAW), MABTEIIF IR
JFEF, 37 CH;3% 5 min, 10 min, 15 min, H}[A]
FIIE 7 B A 200 pL % 0.4 mol/L Na,CO; % 60 L
A SR R 2 1 o B BR AL (BUR B K
360 nm, WL K 460 nm) TAEHEOGME, A
[V B2 /) 4-MUG /S N ™= ) 4- B 3 < T [l
(4-MU) 1 bR s Rl AR ERT £, AR G
GUS Fy 5 £
127 FEBFEERE KA
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IER R BRI T 3 BL21 JRZANAE, Rk
PEATRE DB AR, I B B AR B O AL B 4 A A
Hise AR 25 i Rl 5 £ 11 R I8TE Bk

BEEMERE: R EREERE ] ODgoo N
0.6 ZEATINAZHEE 0.3 mmol/L Y5 N IR AT
FUBH (IPTG), 16 Cil#if®, R R AL
3 mL/g f LA 20 mmol/L B 1xNi-NTA
GGl hE R UK A R R E L),
4 CIWEE B3, BRI VR R UY) . 4% 5-10 mg/mL
A58 Ni-NTA His-Bind (Novagen) #fi5 00 &
ARG S = T ot 2okt h, HEos
1) EIEMA R E AR Ag s, 4 CZ4E 2-3 h,
AT 45 mmol/L BRI 4 mL 1xNi-NTA 5%
FRE SN 4 WYk R REN, SEHA
250 mmol/L RME ) 1xNi-NTA P22 i e i 4
SePENR TR AR R Hise bR28 YRS 2 M
W AR ILRE S, HEFT SDS-PAGE, % Th{fisiiyetn
LaTIoe
1.2.8 Western blotting

KT . SDS-PAGE HharBistte)s, 1
TR (Trans-Blot® SD Semi-Dry Electrophoretic
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Transfer Cell) #FA7F TR M, /N0 BCH BT
Western blotting .

Western blotting : ] TBST (10 mmol/L
Tris-HCI, pH 7.5, 150 mmol/L NaCl, 1 mmol/L
EDTA, pH 8.0, 0.1% Tween) Il 5% Mg #3451
B, KIS ) PVDF A R I
Ml 1h, 304 CEME®H. Ffr—yiEd 1h,
FH TBST ¥EME 3k, &R 10 min, ZJ5 #1740
W& 1 h, R TBST ¥ 3k, &K 10 min,
& —Hibricd HRP, E#EH ECL JRY A LR X
h B
1.2.9 &4k Pull-down 325

R LR AT Hise hn2s 9 HpaR FlA A
MBP FR25 Y XC0449 F 1, 73 HiPKE 4~ 1 AR
HEAMAZF] Co-IP Z i h (50 mmol/L Tris-
HCI, pH 7.5, 50 mmol/L NaCl, 0.2% Triton X-100,
1 mmol/L EDTA, pH 8, 10% glycerol) #1150 pL
REHE 5 PR BT MBP AR % RO REZR T IR 4k )
4 10 mmol/L i) 1 mLIEA#,4 Cil X454 .15 min
JE B LI, F B R A A G ER DL K
MBP Hifk 4 ‘C454 1h L. 5 B3, FH PBS Uk
i 2 ¥k, FEAE 1% Triton A1 1 mmol/L EDTA f
PBS ¥t 2 Ji, fIA 1xSDS FFEZE i 8 min
J& . WU RIS Elute BRESL o #45—BUELRY BTE
FIA 1xSDS F#EZZ i 57, 1 Elute — 2 5k
HJEAT Western blotting 4347 .

1.2.10 BEEEBFHERK (EMSA)

PLIEIR S 8l 7 DO AR BSTH5 19, DLEFIhSE
LB Xce 8004 J: K41 DNA KR #E1 T PCR
Py, SR H R B, 7E 40 pL KRS,
A1 pmol BI4ET, 4 uL T4 ZREATIRILES (PNK)
ZZ PRI A K 1 L PNK fiff, FLAEA FHKHM ST
37 Chrid Lhe HaifLiE T, 10xEMSA 454 g
W (100 mmol/L Tris-HCI, pH 7.5, 500 mmol/L
KCI, 10 mmol/L DTT)LA K& H# iIE 354 DNA 15
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FHRATE—E IR R 2 RS0 30 ming fil A 300 fmol
PRICHF MRS 2 20 pL A ROWAR R, E O
30 min, FETF 5% EMSA JEASTE PAGE Jit,
LUk 28wl 0.5xTBE, 100 V i Ik 30 min J&
b#E, 120V HLIIK Lh A2 FFRcHE Tugat -,
MAFE LS, BT#SE, K3 h ALEH
A
1.211 HMEHMILK (MST)

iz '8 Monolith NT™ Protein Labeling Kit
RED-NHS (Cat Nr: L001) &3 & A9 ik pric dlifk
M. H MST ZEni (50 mmol/L Tris-HCI,
pH 7.8, 150 mmol/L NaCl, 10 mmol/L MgCl,,
0.05% Tween-20) A5 BEARICAF I EE 11, {5k
{ELf¥ 800-1 200 Z[f], MERs 16 MBS0, 5F 2-16 4
BANETHIMA 10 uL MST 22 0hifk , 5 R 5 B4
Mo S BUIN G 80 R AR ALK 10 pl A
FHE—AE T, P10 pL B 2 ME T,
BRRWATIRS SRR, HIBE—NE T
WATIRAIE, Wi 10 L 2z, 8N
A 10 L FB G bRic BT S ek
KNS HERIRS, ke mASE, M
EEWEEIA, EHLIE Monolith NT. Label
Free (Nano Temper Technologies GMBH,
Germany), LED power #4219 G IR,
MST power & 80%. 1445 4 J5 , FHl Nano Temper
Analysis Software XJSLInsi RBE 75041, AL
HEIEAER

2 BREMT

2.1 FFHKEHME Xcc 8004 45F5 9 4~ MarR
KR R E T

Sk ff 5 M I S B BRI TR Xee 8004 JE IR 4 rh
MarR Z i 1 %CH , I HMMER2 % 20
Xcc 8004 #H M4 )7 45 B & Pfam i &
(E-value<1.0), 7EZ5R I RGE] 9 PNghd
MarR Z k& 1 (XC0273, XC0363., XC0449,
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XC0601, XC1457, XC2827 (HpaR). XC2840,
XC3419 HI XC4254), ixX 488 [ 4B AU 7 ML Al 1y
MarR ZZ % () DNA &5 4 45 F 38 , H: E i 7£ 9.10E-06
F 8E-20 ZIA], HEMIRE AR KT IhfE. 1
FI ClustalX #A/FXHX 9 4~ MarR G4 st H 13t
R0, Y MEGAT.0 H I KSR IEH
HRGLER, ZRWE 1R, REREMI
Wrat L], XC2827 (HpaR) 5 XC2840 BAE—4
4y37 b, i XC0449 5 XC0601 BAE— M |

22 MarR REHREFHRIESHE K
I K ¥ BL21 (DE3) Btk 1 pET30a %

KRG FkIFaik T MarR Kk I8+, J4
E AEI IS HE (Open-reading-rame, ORF) C
uigas I Hisg #7285, 16 'C. 1 mmol/L IPTG ifi 5%
ik, Western blotting # il L F K258 . H Ni-NTA
His-Bind M AESEFZNT, IR TEHR A HLEE K
aifb, FaREHEE, A 40 mmol/L BKME Y BERR
2% pPR R R 24 R 1T, B 250 mmol/L BRI ) i R 22
R VEL , 10 kDa M 4E AW 4t B R

74 XC0273
16 I XC1457
XC0363
24 31' XC3419
XC4254

3 f XC2827 (HpaR)

251 XC2840
XC0449
XC0601
oz

1 HHXEHEREFR MarR XBREZRETFRSE
EER D

Fig. 1 The phylogenetic tree of MarR family in X.
campestris pv. campestris 8004 was inferred using the
Maximum Likelihood method. The analysis involved
9 amino acid sequences. All positions containing gaps
and missing data were eliminated. There were a total of
135 positions in the final dataset. Evolutionary analyses
were conducted in MEGA 5.
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FURAER . gl 2 B, Bk HpaR & ([ ML,
[l 2l A 15 2 2 7 95%L) F A MarR F 5%
SR XC0449, H S K /N3Gl 19.7 kDa
(XCO0449-Hisg)F1 20.0 kDa (HpaR-Hisg).

2.3 FE{RSM XC0449 5 HpaR #7144 S
LI ERAVIR A R, REMPR MarR
FIEEE N )5, B HpaRMILIAN, XC0449 %75
PR IR RE 2 S0 A B0 ) B2 T . BESR HpaR il
XC0449 #§Z: 5 B BUw i IS A 0E h ik
R, e AT A6 3 e A A 9 4 ] — > B0 A
RFE, IFAERE S ACE KA W IRl s B . %
F UL BN, FATE I TR HpaR 1
XC0449 HAEMIASN LS, il 3A R, A
VK3l (Microscale thermophoresis, MST) 325453
HH, &b XC0449 15 HpaR fit & A Hr 455 B (4
SrEah G, HAREH A (Ko 24 (1.03£0.3) pmol/L,
M5 HABR MarR M S RSN ES &
(&1 3B). il XC0449 & [ Al REFER X HpaR 1Y
SR IR MEA R IR . kIR alifk N
Ui MBP AR25H 0449 FlAE, METAIMEG
IFEMA-EEEMER Pull-down 52565, 43 B4ttt
i) HpaR-hiss & . MBP-XC0449 & [ LU K BEFF

S PRI B MBP AR 45 19 1 Bk = 1R & JF 7E (R I
_ kDa

XC0449 HpaR

B 2 MarR RE¥EXEFRIGLER XC0449 0
HpaR

Fig. 2 The purified MarR family transcription factors
XC0449 and HpaR. The final amount of protein is 10 pg,
and the gel was stained with Coomassie Blue.

. cjb@im.ac.cn



1506 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

A B

905 - 313 ¢ C

g 33(5) i - §}$ i MBP-XC0449 + -

[l - = L i

S 8o [ S 810 HpaR-His, -  +

= 885 = 809F " as e kDa

E 880 | T 808 7F O e = |5 oMBP

5 £ 807 [ * XC0449 50 |

< 811 < 806 [
870 XC0449 205 [ 20 == == == = |IP o-His,
865 FK;=1.03 umol/L£0.3 pmol/I; * 804 15 ==

1E+01 1E+02 1E+03 1E+04 1E+05
HpaR concentration (umol/L)

1E-03 1E-02 1E-01 1E+00 1E+01 1E+02
XC0273 concentration (umol/L)

E3 WMEMkzshsEl (MST) F{Rks Pull-down S2I83F BR XC0449 #1 HpaR z {8 7B E/ER

Fig. 3

Identification of interaction between HpaR and XC0449 by Microscale thermophoresis (MST) and Pull-down

assays. (A) Microscale thermophoresis (MST) analysis revealed the XC0449 binds HpaR. (B) MST analysis revealed the
XC0449 does not bind XC0273, which is another MarR family protein and acts as the negative control. Labeled XC0449
protein and diluted HpaR or XC0273 proteins as ligand. The solid curves fit the data points to the standard KD-Fit
function. Black bars represented standard deviations. Ky=dissociation constant. The experiments were repeated three
times. (C) Pull-down experiment revealed the interaction between HpaR-Hisg and MBP-XC0449. Mix protein represent
the fusion protein of HpaR and XC0449. The gel was transferred to PVDF membrane and incubated with different

antibodies.

TWEE R, R - A EAE R A A A
WETR F IR R AW, A TR B G2 RS
UEiE, SDS bARZE npif i A A, TR
Hisg 2052 4714, Western blotting #5158 & 1A rp
HpaR-hisg 2 [ fE7E . SCIZE RIAIRER BT, 7E1A
bk XC0449 fE 5 HpaR HHHAEH (&l 3C).

2.4 XCO0449 @#E Xcc xS

S ERSE XC0449 FER I HE LA K 5 hpaR
A REfELER B NI R, T XC0449
TR AE M B3 2 78 A L T2 XC0449 5 hpaR i K X
R IFHEATEOR ) SR T, A5 RANE 4A
7R , XC0449 HLEAR AR RE B 2 FEAIK Xee XT 37 1
WEAEORYE, HEORACE T 2 B A ALY 50% 40
Fi, 1 XC0449 5 hpaR X778 PREUE 2 /) 5
hpaR B2 ARARAML, JLTF-FE 4 k. X —25 R4
INTEAE |, XC0449 {ii T hpaR F&[H {1 L jiF el ib
F o — 280 I MR AR o MANE B
PEAS I 2 B, XC0449 5 hpaR XU ZEAS (AR 5
hpaR B AR AL, SEFARIAH L, A1 2R PG
PR B ETE, W XC0449 FAZEARAN JCH B
Ak, FH] XC0449 A& HiEIEEAM (K 4B).
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Fig. 4 The phenotypic characterization of hpaR and
XCO0449. (A) Bacterial virulence against host plant B.
oleracea cv. Jingfeng No.l. Virulence scores were
estimated 10 days after inoculation. Sterile MgCl, (10 mmol/L)
was inoculated as a negative control. Virulence scores of
bacterial strains represent the virulence levels, and were
estimated by a semi-quantitative standard. A sterisk
indicates significant difference compared with the WT
strain (P<0.05, n=12). (B) Assay of extracellular protease
production. Error bars were calculated by Student’s t-test
and represented standard deviations (n=6).
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2.5 XCO0449 th[E HpaR = T & E B RIE
HESR HpaR 1 XC0449 1EikSMEMEAER ,
I Z SR MEEOR LR, RS st
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Fig. 5 Identification that HpaR and XC0449 bind to and positively regulate XC0705 in vitro and in vivo. (A)
Electrophoretic motility shift assay (EMSA) revealed that HpaR and XC0449 protein both can bind the promoter of
XCO0705. The PCR products of the promoter regions of XC0705 operons was labeled with [y-32P] ATP and used as DNA
probes in the EMSA. Increasing amounts of unlabeled DNA probes were used as competitors (from 100x to 1 000x).
Each experiment was repeated three times. (B) gRT-PCR was used to quantify the mMRNA amounts of these genes in
different bacterial strains. The amplification of the cDNA of tmRNA was used as an internal control. (C) and (D) GUS
activity assay. Detect the GUS activity after inducing in MMX medium or XVVM2 medium for 10 min.
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