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0 R R B v A 56 (EMSA) %) Clpxoo 44k & 11 15 % 28 8% 5 5 4 )3 ) 1 CengAxoop) (¥ 45 & i Pk & L edi-
GMP {55 73 7 (R4 A I BEAT 7005 43 Mo K4 R IFEARAL 1 R IA R 24 210 1 e D #3453 T Clpxoo
aifkE A . Clpxoo 1 5 engAxoop J¥ 41 LML S, R W'E B A 5 R ) 74 M4 & RO o A2 V1A &
FA c-di-GMP 7] 845 & 1E I B (458 1Clpxoo 45 52 c~di-GMP {5 5 Ji » W] A 38 i 19 52 (¥ 250 2%, 1T
Y5 engAxoo—p [ 45 &% ML 52 B4 AL ) Clpxoo H H 246 A1 EMSA 77 3% w] LA AT T+ J5 252 1 I 45 70 K RS 5
SE AR5

FERIR KRS B R R cdi-GMP, (5526 H, Hah 1, et

FE 45 ZES Q933 XHkFRIRES A X E S :0001-6209 (2013) 11416606

Clp (cyclic AMP receptor like protein) & [ /2 /% Clp B szt P R RE K #=H, NmiAE T
JRE A E AR R T " N 9 v BRI DY 7 AR ds B R AN 2R A AR R
Bt cNMP &5 5 &5 b 30 m] DULVE O 5 A5 A0 38— S 4 1R Wi 2 R e .

(eyclic diguanylate, c-di-GMP) 15 5 52 44 45 ¥ 45, SN KA A M AL R ( Xanthomonas oryzae pv.
i £ 5F (1) DNA &5 4 45 /4 3 (HTH) m] LU ) A 45 & oryzae, Xoo) clp %K (Xoo I 7 B #k PX099" 3k [ 41
BEEE D L H 260 5 41 7 2R Wl il 5L T (eng X CA) ] 5 : PXO_04006) it 2k 5 A% 3 30T 5 14 12 3 M e
B F RS Y HTH 255 & CrpFnr (cyclic AMP  4h% B 7 4 B H,0, $t ¥k % & % B ™, % 0
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Xt Xoo e (A &3 (1 4% 1 P LR 147 A ) W o AR S
¥ = IE f & H  ChIPSeq ( Chromatin
Immunoprecipitationand high-throughput sequencing)
Ji ik % 5€ 5% Clpxoo 5 44 1 F DA 19 2% B i 4 e
(O ek 3 -

PEh EIRWE R LAl T AR, AWFR e AT T
Clpxoo JgU#Z 5 3 & ik = W) $ 4 e Ho 5 engAwoo JE
(Xoo JI J¥* K ¥k PX099" 3k ] 41 )7 5 : PXO_04151)
JA BT BOR S5 A i I 52 5 TR IR Clpxoo 22 5
FRIBFAEA EMSA $REF brad v 2347 T 04 A1 ek
#o &I Clpxoo HAT 5 engAxoop J¥ 45 5 1 45 &
B S IX R 4 5 AE T 32 2 edi-GMP 23 1 1) 1 4l
Clpxoo ZUALHE 1 AT LA T ) 25 0 34 45 70 25 € WF 52
AR SCARAE X 5 T I WF T 45 R

| O R SRS

L1 ##
L1.1 #f & B AR 35 55 & 4 Xoo 1 Ak

PX099" F A 52 5 % AR A7 - KW #F B (Escherichia coil,
E. coli) DHSa F BL21 CHE N & A= ¥ A w)) 5 v b
JERL pMD18-T (TaKaRa 72 7)) ; 3 ik # 4K pCold-
SUMO (& /R FAE W A ) « Xoo 157 %5 1 PSA
WeRE 7R3k (R AR 10 g/L, BERE 10 g/L, 8% 1% 1 g/
L, B Ry 15 g/L) s M210 4K 8% 77 56 (Bl /K fift T %
%8 g/L, BB S g/L, B REIREUY 4 ¢/L, K,HPO,
3 g/L,MgS0,*7H,0 0.3 g/L) ;E. coli 3% 3% N LB
BE R I, AR 5 [ AR B LB g% 97 55 7E A T AT in N &
W 100 wg/mL ) Amp $14E 2

DNA Ligase #0145 Ff B 1 ¥ P9 1) B (TaKaRa A #]) ,
TRIzol & RNA %Elﬁﬁffu@\SuperScriptTM III Reverse
Transcripatase RT-PCR iR 71| & (Invitrogen) - ¢ Jf 52
i€ & ik 7 & SuperReal PreMix Plus ( SYBR
Green) A B K& A 21 42 A 700 6+ e o] sk )
BCA [ € &K ) £ A% R A 1 marker /)y Bl 52
T W Hi Ak — Bt (Anti-His antibody) F1 5 A i 4 46 4
Fify 16 BB6 1 2 P/ B Bt (IgG-HRP) (db 5t RAR A= 1k
FHEAT R 2 7)) 5 Super ECL Plus 18 % 6 i (4%
6] 4 4 5. K ) 5 isopropylthio-D-galactoside
(IPTG) Fil 2 [ 464k Ni Sepharose™ Bk} (W4 /K i g
LW\ w]) » Western Blotting H 43R 7 (db 5t fk T
]Sy M 2l 2 ) 5 RS AL VEXT50 (Sonic 2
a]) B AR AL (Thermo 23 &) » PCR A« H, ¥k 3 Fl % fi5t
{% (BioRod %y A])  ImageQuant LAS 4000 mini # £
2 R ' BB AN OGR4 Typhoon 9410
(GE 2 w)) » 56 #brid 519 (R A LAY TRHRA
Al o
1.2 EFERE

e R & 1 WIS U7 VE R AT Xoo KEK ZH DNA
L. F primer premier 5.0 # ff % U 45 5% 31 4
clpxoo+ /R (F 1), L PX099" I [X] 4 by 455 b, 7F
PCR % ¥ 46 fF (95°C 5 min, 95°C 30 s,58%C 30 s,
72°C 60 s 34T 35 NPE I, 72°C 10 min) |, § 1
clpxoo A K ILP o HEAT 1% 30 JIA Bl Bk A D W PCR ™
Pyl it . 5 pMDI8-T #AKALE 16°C 1 34 £ e .
8 h Ji, Ml i AR E R AL E. coli DHS o JiK
AN BRBOTORE BEAT i D) 56 UE» R AT 1 BH A
Fi pMD18-T—clpxoo A7 P > i 1E (b 5% 4 R A A 2F

L1.2 FERXFMME: Tag" DNA R EHH T4 PAHA]) .
x1. 5|4
Table 1. The primers used in this study
Name Sequence (5°—37) and artificial restriction enzyme site (underlined)
clpxoo+ TCGGATCCATGAGCTCAGCAAACACG (BamHI)
clpxooR TCAAGCTTTTAGCGCGTGCCGTACAGCAC (HindIII)
engAxoop—F (FAM) FAM-ATCTTGGTCTTCGGCTGC
engAxoop-R (FAM) FAM-GGGACACTCCGGAAACAG
engAxoop-F ATCTTGGTCTTCGGCTGC
engAxoop-R GGGACACTCCGGAAACAG
PX0_04151-420bp+ TCGGATCCATGAGCTCAGCAAACAC (BamHI)
PX0_04151-420bpR TCAAGCTTTTACTGAACACCGATCGCATA (HindI1l)

1.3 FARAHEMBEMEN
e HSCHR (81 1 7 vk BEAT T 28 338 B4 ) b

FiEe4k o FH BamHI F1 HindITT B 51 1 P9 1) B 23 51 %
1K Ak pColdSUMO I pMD18-T—clpxoo )it $if 3 4T
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U)o OIS D 7 > K I S ) 3208 B A H
HIFE D BOH] T4 DNA Ligase 7E 16°C i) 4 A1 1 % 4%
R T R VLR E P W A B coli BL21 K
SEAS AN, VR AT Amp BUPE B 6 IR G 1) B A T 2
AT IR B B g 1) 000 5 562 40F 5 £3 21 BA 4 52 B pCold -
SUMO-clpxoo.
1.4 ERFRIE . GAHFEIE

e RSCHk Bl ikt T s ARIE . B
RIS FR U B IPTG ik BE < 15 33 58 I I 1] % 1) %
PEER A KRB & MHEAT TR BEEL E. coli
BL21 (pCold-SUMO-clpxoo) 7% 4% LB (100 wg/mL
Amp) ¥ 3% %5, 37°C 200 r/min B ZU4E 3 K R &
ODgyy N 0.6 —0.8. ¥R FRWAH 2 15°C, i 'H 30
min, I A 2 B 0.5 mmol/L IPTG, 7£ 15C i &
24 h. 2.0 (4000 x g+ 15min. 236 ) I 4R B 44, B
A0 M BT K EREAT B S B 5 min, 250 (10000 x
230 min 4°C) i Fi%, 24 SDS-PAGE % Ji Hi vk Fl %
Th 7 o W e o, AR B 1 ) Rk .

e O A & W] B T R A 2idk . ] His B4
AR IR B (Ni-NTA Resin) 204k % 1

B Sck (91 (4 77 vE BEAT B 11 Western blotting
Bk . 4l g 1 HEAT SDSPAGE 1 L vk, i i
TR B PVDF B L in N 5% Jid g 2R 95 18 b
A, 4 T T A R S M AT 05, 6 =R 50 1/ min P AR
L5 2 h J5, i\ Anti-His —4¢ (1: 1000,0. 01 mol/L
PBS # %) (HIPEXT MR 1% BSA), 7E 4°C F# & 12
h, 35— #i i IgG-HRP — 4t (1: 5000,0. 01 mol /L PBS
Fke) , R PP RS 2 h 5, & 90 A
Super ECL Plus j#8 & o6 2 8 3, i 4k 2% & ot
BAC 22 45 R
1.5 #$ERE (FAM) FIEE s FIREBA K

Fo Sk (10 - 110 18 77 VL 4T )3 ) 7 & bs
ite JEFF engAxoo £ R _LiF 250 bp §8 3 3 ¥I4E M A
T, Wil Bk 91 Y engAxoop+ /R (FAM) (&
D AE 5 s i — NMimik a5, 5 FAM-
NHSester Jx N, 3 5] 5 3 bric FAM ({514, 4=
PG (D) #E47T PCR § 3, 45 3 9806 F A il 4841 ;
IS4k S5 I REE MR T o X R 20 A R bR il 2
JEE BRI 5 P PR IR B N BB W engAxoopF/
engAxoo—p-R 1Y 14 engAxoo Kt [F 4w 15 [X 420 bp F
By AE 3 4 P B X B 51 4 PXO_04151-420bpF/
R. B 51W¥m L TAEYH R A 7 4 .

1.6 EMSA 3I¢

f ok (2] 19 7775 04T EMSA S256 . 7E 20
pL EMSA {4 & w1, in A ddH,0.2 pL EMSA/Gel-
Shift 45 & 223 (10 x ) < Clpxoo 4tk HE A, Ei F
WEOGHFR IE 10min; i AN 5 wL FAM Frid (9 8 R 4 4
R4, 81k 30 min; A 2 wL EMSA/Gel-Shift F#:
2P (10 %) AT B AE i RON 4% R A8 P i i AL
W, M 0.5 x TBE 1E 2 MUK 7630 B AN i 25°C 4%
ER UK 1 h J5, ¥ EMSA/Gel-Shift 422 £ JIX & T
BOLFI R AR AT g4 R

2 4

2.1 clpxoo EERE . [RixTIEFM=P

2.1.1 REHAMHWE . BLELFMFSRE NS
PESIH clpxoo IR %} Xoo B ¥k PX099" i P 40 3 47
PCR " 17, sl Dy Hu 3K 4% 690 bp K/INH clproo J P v
Bro ¥ el v B AT Wy, K ILIL Y 41 5 GenBank
R A IR B R B 58 A — Bl AR WIE B BT R
i, Clpxoo FH 230 AN Z(FEMR 41 B, Ho N by FLAT A 1 %
TFIR 45 45 45 # 18 (cNMP) , C 3 H A5 DNA 45 & 45 4
f (HTH) .

H5 W 7 1 il 1 A KR TR ) vE B AR AR A dkik

pClod-SUMO 1, £} %] T 41 3% ik i i pClodSUMO-
clpxoo. £ BamHI A1 HindIITl B 1) 36 10F , 15 31 K /N4
700 bp )R B, g R — 3 (| 1-A) o K&
AR AL 2 E. coli 21K B bk BL21 (DE3) & 52 &
A0 M, PEARAL IR 5 5 Rk 4 1 (FE BBUR S 0D,
=0. 8 I, ALK JZ K 0.5 mmol/L ) IPTG.15%C
THF 16 h) 7,135 7 K/hA 45 kDa (1)l &
(Clpxoo fii I N #iff) SUMO Fil His, kr%%) , LAl % 7F
AE B REERIE (B 1-B) .
2.1.2 FBERYAL IO IE : A [ R 1 9K 14 22 o
O BRAT S TR T VR B, A IS 200 mmol /L 1K 3
It 28 4 v, T SRAS Al ATk 90% LL_E T v 11 (K
2) , 34 Bradford y10 5 85 1K JE 2124 3 mg/mL.

B AT ¥R BE Y Clpxoo 4li4k 2R 4 #E 4T Western EJl
IEUG U 45 F R RTE 4y F 5K/ N 45 kDa At HLRE
St (1 3) , R W T Clpxoo 71 E. coli W I{) R IE
EH.

2.2 Clpxoo 5 engAxoop & FE R

2.2.1 engAxoop 1R § W K Fr I8 engdxoo 5
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(A)

~—42kDa
700 bp —=

Bl 1. clpxoo BERZFEHFEYIRIENERFS

Figure 1. Verificationand induction of clpxoo expression vector. A:
The plasmid for clpxoo gene expression was confirmed by restriction
enzyme digestion. M: 1 kb plus DNA Ladder; lane 1: pColdSUMO-
clpxoowas digested with BamHI and Hindlll. B: Protein expression
induced by IPTG in BL21 (DE3) (pColdSUMO-clpxoo). M:
protein marker; lane 1: non-induction control; lane 2:

supernatantfrom cell lysis after IPTG induction; lane 3: precipitant

from cell lysis after ITPG induction.

M 1 2

<«— 42 kDa

& 2. Clpxoo 41t ZE H &) SDSPAGE 43
Figure 2. SDS-PAGE analysis of purifiedClpxoo fusion protein by Ni—
NTA resin. M: protein marker; lane 1: elution with 100 mmol/L

imidazole; lane 2: elution with 200 mmol/Limidazole.

[ 3. Clpxoo & {£ & Western Blotting I iIF

Figure 3. Confirmation of purified Clpxoo protein by western

blotting. Lane 1: 40ngClpxoo; lane 2: 80ngClpxoo; lane 3:

160ngClpxoo; lane 4: negative control; lane5 : positive control.

engXCA J [X] Fy> %1 [ Y5 v 34 80% LA L» 8 3 1 17
HUTRIIRIE A T1% » HEN engAxoo ] fE J& Clpxoo I3
e FUd 5 Clpxoo F5 5 R 5 A7 =i ) 511 A 57—
TTCTGTGGACACCTTCACGCCA 3", fif T ¥4 % i 4R A7
M=94 #| -73 bp fLE . Al STFAM 56 E AR 1

e 51 W AT PCR & R EF (139 bp) 7= 4 4l
A~ B JiE HL UK AS S 3R A T 800 nmol /L 8% .

2.2.2 Clpxoo 5 engAxoop &5 1EB B EMSA 4
AL T EMSA R4k 2 (20 L) : b 2K 7 R R
HHHEE =6-10): 1, EASHLA N 1 pmol /L.
£ %524 200 nmol /L. 7E AR R T, K I Clpxoo H H
HIOCIRE KL T &SR B T EREFT R £k
Clpxoo FX FE A, KRR IR ITHHM ISR . £ -
AR N FEFRC BR A I I Clpxoo X 2 )t 44
B IR 7% B 15 B 2R 3 B HJE b ad B8 6Tl il 5w 4
PRI 46 T 5 R EH S Clpxoo 45 G 1EM - 3
B Clpxoo 1 B A 5 engAxoop i 5k 45 & (1 7% T
(K 4).

1 2 3 4

b —
Clpxoo + _ + +
Fluorescent probe + + + +
Non-labeled probe - - + -
engAxoo fragment - - - +

[El 4. Clpxoo 5 engAxoop % & & 1E ) EMSA #&

Figure 4. EMSA of Clpxoo with engAxoo—p. Lane 1: Binding
reaction, 800 ng Clpxoo + 360 ng fluorescent probes; lane 2:
CK, 360 ng fluorescent probes; lane 3: Competitive assay, 800 ng
Clpxoo +360 ng fluorescent probes + 360 g non-dabeled probes;
lane 4: Noncompetitive reaction, 800 ng Clpxoo + 360 ng
fluorescent probes +360 pg engdxoo gene fragments (420 bp) .

The arrow indicates the position of the band shift.

MR B 1) Clpxoo £t [ 45 9¢ 6 ¥R & 1T I
I I & & BRI FE LA, KW 45 5 E AT
RS ke A, 2 S AR R I 2K 20 wmol /
L c-di-GMP I, 4T IE 88 LA ] 58 40l 2k 38
B ¢-di-GMP il T Clpxoo 5 engAxoop ) 45 & 1F H
(KE'5)

3 g

B IR 58 % W5 Clpxoo 3 T c~di-GMP {5 5 i&
7 B HOR Xoo 41 M D) BRI AT o T 2B
W] Clpxoo 1E 2l — AN 5 52 1A F1 A% S i 4% DY) 3 ) 2
DS A 1) I P2 LB, ARSI 9 1 50 e 3 DA v B R
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1 2 3 4 5 6 7
34 5 Y i '
i e W - -~ .
- = = -
Clpxoo(ng) 0 80 160 320 640 800 800
engAxoo-p(ng) 360 360 360 360 360 360 360
c-di-GMP(umol/L) 0 0 0 0 0 0 20

E 5. AEREH Clpxoo EH 5 engAxoop AR E
c-di-GMP #15] # EMSA &)

hich

Figure 5. EMSA of different concentrations of Clpxoo protein and

engAxoo—p, ande-di-GMP inhibited their interaction. The arrow

indicates the band shift.

RIEFAK E R A R A2 RILGRIL Y 2l
MR, FEARAG K55 3 R A AL 5 1T il Dy b 3K
73 7 KB Clpxoo 8, Ay Ja 8 (0 I #4570 45 o€ Mk
PR 38 1 P LB I BIF ST B e T AR Al

WL EMSA 730 #7, K3 Clpxoo B 5 engAxoop
JA BT 45 A I YE T cdi-GMP {55 4 7 Al fift R X
Fgh & A e KW cdi-GMP w] LU i Clpxoo Xf
engAxoop 455 AE R JEAT ], SIS engAxoo H A
Ok W . HE W AT e B9 AL G, edi-GMP
Clpxoo M55 5 52 A4 45 4 Sl U BB %2 J5 > i K & 4K
ARSI A B A, (2 AR IL HTH &5 0 30 5 42
DNA 5 & E Rl = 230 il X — 45 R 4578 T £ Xoo
HAFAE ) c~di-GMP-Clpxoo—4E % P 22 [ () — Fft 5
Al S B R PR 2 A T 2 R A

SEEG O EMSA B84 bR id T vE B AT T Bk, A
F FAM 556 22 BREE b i VR AR 4% 42 11 [ 47 25 Bl
A ERRITE Y o 9 R AR R R 4
AN TR AL 38 b A A I A A R e g Ol A Ak
B, A AN SR 3R bR Al B IR BEAT TR R
HRP §t {4 07 7 45 40 B, {7 46 1 SE 36 72y A AD B8, K
R AR T VK56 I 1) 5] Il Bk 1 e e g 4 i A o
e R BB A Pk B A5 5 BRI REE . #E -20°C R
PR 519 & A R A7 P4 A B ER TR AE 2 A H
(LI TR MOk T SR IS (1] DA Uk, 3% FAM £
BEFRIc i T i T EMSA 25, Oy DNA-ER (A i 73
HAEWFFCHRAE T — Fl A 22 4 R S R B
Jivko
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Binding of transcription regulator Clpxoo to promoter of
endoglucanase gene engAxoo was inhibited by c-di-GMP in
Xanthomonas oryzae pv. oryzae.

Bo Li*, Fang Tian®, Huamin Chen, Maosen Wu, Chenyang He

State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of

Agricultural Sciences, Beijing 100193

Abstract: [Objective] To understand the regulatory mechanism by cyclic diguanylate ( ¢-di-GMP) receptor and
transcriptional regulator Clpxoo ofexpression of endoglucanase gene (engAxoo) in Xanthomonas oryzae pv. oryzae, the
bacterial leaf blight pathogen of rice. [Methods] A plasmid to expressclpxoo gene was constructed and transformed into
Escherichia coli for expression by isopropylthio3-D-galactoside (IPTG) induction. The recombinant protein was purified
by Ni-NTA resin. The binding affinity between purified Clpxoo protein and the promoter of endoglucanase gene (engAxoo—
p) was determined by electrophoretic mobility shift assay using fluoresce in (FAM) Habeled probes. The role of c-di-GMP
on the binding was also examined. [Results] Under the optimized conditions, Clpxoo was expressed and purified
successfully. Mobility shift of engAxoo-p in the presence of Clpxoo was observed, indicating that specific binding occurred
between them. Moreover, addition of c¢-di-GMP molecules in the above reaction system abolished such binding.
[Conclusion] Once interacting with the signal molecule c-di-GMP, Clpxoo conformational structure may change
substantially, which results in inhibition of binding to engAxoo-p; The optimized methods for Clpxoo protein purification
and electrophoretic mobility shift assay (EMSA) can be used for subsequent identification of Clp regulon in a larger scale.

Keywords: Xanthomonas oryzae pv. oryzae, cyclic diguanylate, signal receptor, promoter, binding

(AR5 4 SRR

Supported by the National Natural Science Foundation of China(31100947) and by the Key Project of Chinese National Programs for Fundamental
Research and Development (2011CB100701)

" Corresponding author. Tel: +86-40-62894147; E-mail: cyhe@ caas. net. cn

*These authors contributed equally to this work.

Received:7 April 2013 /Revised:3 June 2013





