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1 MpAn 7 %

1.1 ##

L1 2R LA : PCR 514 & Ry 4t
I B2 /3 F] (Invitrogen ) 56 B ; T4 DNA 5 4 iy . B 1l
PEN VIR \Taqg DNA R G W A TaKaRa 2\ &, 3l
R 5 T At 7 8 L oA 2 B R & 38 ) | b st

1%\ A (Invitrogen )

1.1.2  BESEE B ORI RS 358 408 - 4363 5 ik A
RE R AEFI R I 41 T 3K 1, Xoo Hl Xee B R TE 28°C
PSA iR 2 (FE H ik 10 o/L, M 10 /L, 15 &R
1.0 ¢/L, pH7.0) [ 35 3%, KW #T @ ( Escherichia
coli) 7 37°C LB Kigidk B Ry % . il i Rk
H: R K% FR (Gm) 50 mg/L, K8 % F (Kan)
50 mg/L K % K (Amp) 100 mg/L Ak W % R
(Sp)40 mg/L &% % (Rif)50 mg/L,

R 1 RHER MR E R

Tablel The bacterial strains and plasmids used in this study

Strain or plasmid Characteristics Source
Escherichia coli
DH5« @80 lacZAM15 ,A(lacZYA-argF) U169, recAl, endAl ,thi-1 Our laboratory

X. oryzae pv. oryzae

PX099* Wild-type strain, Philippine race 6 Our laboratory
ArpfFxoo Gm" , rpfFxoo gene replaced by Gm" This study
ArpfCxoo Gm" , rpfCxoo gene replaced by Gm" This study
ArpfGxoo Gm" , rpfGxoo gene replaced by Gm" This study

ArpfF + Cxoo Gm" ,rpfF and rpfC double gene deletion mutants This study

ArpfF + Gxoo Gm" | rpfF and rpfG double gene deletion mutants This study
ArpfFxoo-F Sp" , ArpfFxoo complemented with pHM1-F This study
ArpfCxo0-C Sp" , ArpfCxoo complemented with pHM1-C This study
ArpfGxoo-G Sp" , ArpfGxoo complemented with pHM1-G This study

X. campestris pv. campestris

XCl1 Rif" , Wild-type strain Wang et al. ,2004
FES8 Rif* ,DSF biosensor Wang et al. ,2004
ArpfFxce Rif" , rpfFxce knock-out mutant Wang et al. ,2004
ArpfCxcc Rif" , rpfCxcc knock-out mutant Wang et al. ,2004
ArpfGxce Rif" , rpfGxce knock-out mutant Wang et al. ,2004
Plasmid

pMD18-T simple Amp" , ColE1 origin, T-vector TaRaKa Co.
pBS-T Amp" , ColEI origin, T-vector Tiangen Co.
pK18mobsacB Kan" , mob ,sacB Our laboratory
pBS-F1 pBS-T with FI fragment This study
pKS-F1 pK18mobsacB with F1 fragment This study
pKS-F2 pKSF1 lack 600 bp fragment This study
pKS-F-Gm pK18mobsacB with rpfFxoo gene inserted by Gm" This study
pMDS-C1 pMD18-T simple with C1 fragment This study
pMDS-C2 pMDSC1 with rpfCxoo gene inserted by Gm" This study
pKS-C-Gm pK18mobsacB with rpfCxoo gene inserted by Gm" This study

pBS-G pBS-T with G3 fragment This study
pKS-G1 pK18mobsacB with G3 fragment This study
pKS-G-Gm pK18mobsacB with rpfGxoo gene inserted by Gm" This study

pHM1 SpR ,Sm" ,cos,parA , IncW ,derivative of pR140 Hopkins et al. ,1992
pHM1-F pHM1 containing rpfFxoo fragment This study
pHM1-C pHMI1 containing rpfCxoo fragment This study
pHM1-G pHM1 containing rpfGxoo fragment This study

L1.3 50¥.scs b prff e 5l & H 5
2,
1.2 ArpfFxoo .ArpfGxoo 1 ArpfGxoo B E [F R %k
RTEHEREER

Fie HESCHR [ 10 ] (9 b 1 32 4 07 5 0 47 56 DA 5 B

KGR . LL PXO99"™ S [ 41 DNA My i 4k , 4
SR 5 H (2 2) #647 PCR 734 H b B B
H51%) rpfFxoo-F/R ¥ 3445 3| i Bt F1, 3% 4% 3] pBS-
T, %4k E. coli, k45 i ki pBS-F1; ] Hind Il F1Xba 1
XU U1, UK 010 rpfFxoo i B, 5 42 3 Hind 1 01
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Table 2 The sequences of PCR primers used in this study

Prime Sequence (5’ —3") Source

rpfFxo0-F CAAGGCATTGCGGGCGTTT This study
rpfFxoo-R TCAGCCGGCGTCAAG This study
rpfCxoo-F AAGCTTTCTCCACTGACATGGTTGAAA This study
rpfCxoo-R GGATCCGGATCCCGTCTTTGACGCCTTGC This study
rpfGxoo-F GCTAGTGCAGAGCCTCGAACA This study
rpfGxoo-R1 CTTCTGCAGATCCCATATCCGCCTTTT This study
rpfGxoo-F2 CTTCTGCAGGCAGTGGCCGACGTGTT This study
rpfGxoo-R GCCGATGCGGTGGAGAA This study
rpfF-F-H GGTACCGGTCATCGTGAAGAAGGACCCTGCC This study
rpfF-R-H AAGCTTGTGGCGTTGCCAGCAATCTGGGGCT This study
rpfC-F-H GAGCTCACGCTCAGCTTGGGTGCAATGTTGG This study
rpfC-R-H GTCGACGGCCGCAGTCGAACAGGTGATCCGC This study
rpfG-F-H GGTACCGCCAAGGACGGCGGTGACGACGAAG This study
rpfG-R-H AAGCTTAACGTCACAGGACTGCAGGTCAACG This study

Xba 1 XTI pK18mobsacB # K & 4z, % fk E.
coli , #R A5 F 20 Ji ki pKS-F1; F Sph 1 B , Ak 4lifk
J5 B, JRAT BORL pKS-F2 5 ] Nsi T B§d) pKS-F2, [1]
Wik Fr B, 5 285 Nsi T AR PRI Gm™ JE R % 42, 15
B 21 BKL pKS-F-Gm, H1 T ArpfFroo 5 7% K 1y
F g,

519 mpfCxoo-F/R 4145 5 i Bt C1, % 4% 3]
pMDI18-T Simple, 51k E. coli, %75 i B pMDS-C1 ;
H EcoR T Bigfif , UK M i 24k i B, 5438 EcoR 1
filHfige 1 Gm™ LN R B 4, 19 1) 8 415 kL pMDS-
C2;H Hind Il 1 BamH 1 X E§Y] pMDS-C2, 5 28 3
A [F) XU U0 4k PR ) pK18mobsacB 4 e AL E. coli,
A 5 20 BkL pKS-C-Gm, I T ArpfCxoo 5872 (K1Y
AR

FH 5l ¥ rpfGroo-F/R1. rpfGroo-F2/R i 17
rpfGxoo Wit i Bt G1 Hl G2 (415 . H Pst 1 58453 i
Y1 Gl Al G2 J& , LUk MW, FH T4 DNA 3% H2 g k17 i%
Yz, 519 rpfGxoo-F/R ¥ 4 e J5 (1 1% 2 7= W) 1%
B G3, 4 B G3 # % pBS-T, ¥4k E. coli,
AR E 4 Tk pBS-G. F Hind Il 1 EcoR T Wi 4]
pBS-G, Hiyk M1 G3 A B, 5 28 5k AH 7] il U] &b 2 11
pK18mobsacB % ¥, 3 15 B 4 i ki pKS-G1, H Pst
[ ey M f pKS-G1 J& , 52813 Nsi | B om" &
WA B %, 19 8] & 41 IR B pKS-G-Gm, /i F
ArpfGxoo FEE R I HE HE

FHL 2 43 B pKS-F-Gm , pKS-C-Gm #1 pKS-
G-Gm $4LF] PX099" J&5 , Ik 4i T PSA + Gm ¥4 |-
A K H B T I8 HE AT PCR, 0 16 A6 IE 28 25 K

FHEl ¥ mpfF-F/R-H . rpfC-F/R-H Fl rpfG-F/R-H
Y884 rpfFxoo .rpfCxoo F rpfGroo 41 KR Fr BL, Ta
B 15 T FOR A pHMI F |, 358 75 5 21 ok pHMI -

F pHM1-C I pHM1-G . i i o f 5% £l 21 %5 1 10 58
ARpArh WA T PSA + Sp AR AR KR B R
P& EORT R 3 UL B AR B BAN o X AR B Rk
A7 ORL 2 R HC i U1 9631
1.3 ArpfFCxoo 1 ArpfFGxoo SN E F Kk RT
e

FHHL 7 325 8% 8% & 20 BORL pKS-F2 43 il & A
ArpfCxoo 1 ArpfGxoo W, 1545 F LB + Kan g - #it
L AR 28°C R SR 37 A R B T E T T
PSA -4 ,28CH5 3% 3 -7 d, PRI i v , A I 519
rpfFxoo-F/R 4T PCR, 5 i WU PR e 2 58 A8 14
1.4 DSF{ESFE£NE

Z WSR2 ] /9 J7 ¥k 64T DSE {5 5460, 77 12
RAEBE
1.5 EPSF=ENE

ZHESCHK' (0 )7 1k HE AT EPS 7k R SC
R B O R AT VR R S SR, T R B0
L6 HmHENE

SR PO I Ak AT SO R I R L A R
B ATE 28°C N 4k & B 9%, B0 OB T A, T TE K
Wi BEVW 2 ODgyo =0. 5, $2 F 22 BT K A5 5 B TR24
M 10 5K, 7EIR % A1 CIREE 25 -35°C 5 90%
LEAD) AN 14 d 5 i R R

2 ZRFpMN

2.1 ArpfFxoo . ArpfCxoo . ArpfGxoo . ArpfF + Cxo0
F0 rpfF + Gxoo ¥ F0H b

T Gm" 3 A L B B e 19 mpfFroo R BE K
200 bp, H rpfCxoo Fr Bt%8 200 bp, . rpfGxoo F Bx £
100 bp, H 1, HEI ¥ rpfFxoo /R rpfCxoo F/R Fi
oo B/R 431K 3 56 75 B b i 09 45 55
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PX099" [y K /INAT B A [6], I 46 D 28 25 1 v 7 346 11
ZOH MR FEAT SR UE CR A BERE) o S5 R R BN
458 ArpfFxoo  ArpfCxoo F1 ArpfGxoo PAFE R 28 A5 |

1E PSA + Gm + Sp V- Mg b 55 5% B 4b 16 Bk, OF 5%
P23 WL Lo M RR B BR R R IBUSORL I i 1T 58 E
(CORF B8 oRE) o 45 5% 3% W1 A 2 3k 153 B 4b T8 Bk
ArpfFxo0-F | ArpfCxo00-C | ArpfGxoo-G

¥ pKS-F2 Ji ki 5 A ArpfCxoo F1 ArpfGxoo 1,
G AE LB + Kan P i b H A9 8% AL 7 8% 5 B R & 9t
AR PSA SR A K, PRk R L R 51
pfFxoo F/R 4T PCR Bk (R Bk o PRIk
TEIE M ) 58 728 1 TR v B 4 34 U, 3R1% T ArpfF +

PX099*

ArpfFxoo ArpfFxoo-F

ArpfCxo0

ArpfCxo0-C  ArpfGxoo

Cxoo Fl rpfF + Groo X FE[H €25 1A
2.2 ArpfFxoo . ArpfCxoo . ArpfGxoo . ArpfF + Cxoo
#A rpfF + Gxoo DSF {55754

LA DSF F7 7R W, 45 5 A I B bR FES8 1Y
engXCA J5 8y 7 K H gusA JE K 5 5 3R ik, 15 97 2k
R X-glue B 40 7t 1 8 B (o B L A BIF 5T R
il FES8 B Rk 5 T % PXO99" Fi1 5 745 14 K . . %)
WPk DSF =k (& 1), PX099" AT LA j= 7 DSF,
ArpfFxoo . ArpfF + Cxoo F1 ArpfF + Gxoo Y] /ANF=H: T
ArpfCxoo 3 7 7= A, ArpfGxoo 7= & [ 4K, rpfFxoo.
rpfCxoo Fl rpfGroo F IR AT LA 43 53] FL b AH i i PR 58 A%
TP DSF /R AL,

ArpfGxoo-G  ArpfF+Cxoo ArpfF+Gxoo

=

1 PX099" 70 Arpfxoo R EE 4 E#kK) DSF 5S4

Fig. 1 DSF production of PX099" | Arpfroo mutants and complementation strains.

¥ rpfFxoo. rpfCxoo I rpfGroo 73 5 5% A %
ArpfFxce , ArpfCxce Fl ArpfGxee H, W] LA fifi DSF 7= 4
R ) 5 B A R XCL AH A 7k (| 2) . R

ArpfFxce
-rpfFxoo

XC1 ArpfFxce

ArpfCxcc

rpfF .rpfC 1 rpfG 1£ Xoo F1 Xcec HiXf DSF 7= 458 &
AR ) AR

ArpfGxce ArpfGxce

-rpfGxoo

ArpfCxce
-rpfCxoo

B 2 rpfroo Xt Arpfxcc DSF =4 i B #MEFHUE

Fig. 2 DSF production of XC1, Arpfxcc mutants and complementation strains with rpfroo.

2.3 ArpfFxoo . ArpfCxoo . ArpfGxoo . ArpfF + Cxoo
#0 rpfF + Gxoo EPS FE2MEEES

5 PX099" B4 £ It = A4 K & ) EPS M 1L, Bk
ArpfFxoo JG . 2 I8 b, ArpfCxoo . ArpfGxoo . ArpfF +
Cxoo I ArpfF + Gxoo EPS F= 4 B I F&A% (& 3-A),
T P58 285 AT (181 3-B)
2.4 ArpfFxoo . ArpfCxoo . ArpfGxoo . ArpfF + Cxoo
1 rpfF + Gxoo ¥ J&K 1%

JIT A Arpfroo 578 PR | S Y i BE 1< B I 3 L T
PX099", B b i bR 1 REVR &2 £ PX099" L 1) BUw
PECE4)

3 ik
FTE Xee P % B 22 24 IR N T 26 (AHL)

BFEARF R DSFAE5 RG LK, © & 78— 280 )5 i
L T B G 2 G i o B 282 A6 8 DSF {55, I %85
TESS ¥ B 5 Xee B2 A 9 A OR 57 89 rpf Sk A
TS RS AHL JR 5 T Rk X 26 4 Xoo TH
PRIEAT DI, 249 R REAG I ) AHL 7 A=, £ Xoo 7]
REAN 7 A (B 77 i B R B0 7 A S BE B AT e
B RR BT UM A AHL £5 5 20 A% M Xoo 5[5 41
% T pfroo FEFES H FE ARG #E Xoo S
M7 DSE A5 S W) it ASHE S8 1 O B 1 F) 4R
bk FES8 AE 6% M Xoo F #k PX099" i A5 il 5
DSF ;=4 b ab, K BT ArpfFxoo ., ArpfF + Cxoo FI
ArpfF + Gxoo ¥ AS7= 4 DSF, 1 ArpfCxoo i3 7= 4z,
ArpfGxoo FEE AL, ML Xoo W rpfFxoo 1] fE 5
DSF & i B 44 5, M rpfCxoo F rpfGroo %f DSF j=
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g
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AI.,OQO’ égf& ({"‘00 @9 § &(\6&9 CS"QQ 6)(@9 X@@
] v $ $
V& éQ V& v V& v& v&<‘
Strains
(B)  PX099* ArpfFxoo  ArpfFxoo-F  ArpfCxoo  ArpfCxoo-C  ArpfGxoo  ArpfGxoo-G  ArpfF+Cxoo ArpfF+Gxoo

/)

3 PX099" Arpfroo REEME MBI SR (A REERESNE(B)
Fig. 3 EPS production (A) and colony morphology (B) of Xoo strains.

it

PX099* drpfFxoo ArpfFxoo-F ArpfCxoo ArpfCxo0-C ArpfGxoo ArpfGxoo-G ArpfF+Cxoo ArpfF+Gxoo

B4 #5 PX099* Arpfroo TN E iMNE ¥k 14 K5 HIK I B E 8%

Fig. 4 Bacterial leaf blight of rice 14 d post-inoculation by Xoo strains.

A2 o3 B T E AR T RE

ARSI T rpfxoo FEPRH ZRAEXT EPS 7= 4E
MR SZ 0 . ArpfFxoo FLAT 5 PX099" # [ 1y EPS
PR BE J, T ArpfCxoo . ArpfGxoo . ArpfF + Cxoo I
ArpfF + Groo EPS 7= LW B, Fe0] EPS f=/f:
RpfCxo0/RpfGxoo X H 43 % 4t . 1M dF RpfFxoo [ 14
o D RpfCxoo/RpfGxoo 78 H: il A GE £ 52 #1558
BE W HEAR S M AE DSF 5 5, i & T
EPS 4,

JIT A Arpfroo J PRI R 2R 58 748 A Xof 7K At 1) 2500

PR E TR, X ST E SRR B
# W] DSF/Rpfxoo f55 & 4t XF Xoo HUjk kA |2 (1
PR, H T IE 7E % % 153 BT DSF/Rpfxoo {5 5
ARG T c-di-GMP {5 SR8 (PR KRR, H
4T 3 ) ] Xoo B P 2 3k Y 1 45 AL B 4R 1R 1K 08
(S

5 R BE RS ArpfC + Gxoo XN [A] Bl g Z€ A%
A A I H I PR AT B & RpfCxoo/RpfGxoo JE A [f] i
G ] RE 2 A BOLRN. 3 8L 2 > Jk AL E AR, &
Az [r) 5 o 2H ) R R AR, S B AN B
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Diffusible signal factor production and virulence
expression in ArpfFxoo , ArpfCxoo and ArpfGxoo ,the gene
deletion mutants of DSF/Rpf signaling proteins of
Xanthomonas oryzae pv. oryzae

Lei Sun,Maosen Wu,Huamin Chen,Chenyang He "
(State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract: [ Objective] To better elucidate the functions of RpfFxoo0, RpfCxoo and RpfGxoo,3 proteins of diffusible signal
factor ( DSF) -dependent cell-cell signaling system in regulation of virulence expression of Xanthomonas oryzae pv. oryzae
(Xoo). [ Method] Arpfroo,the gene deletion mutants were generated from PX099" | the wild-type strain of Xoo via
marker-exchanging and DSF biosynthesis and extracellular polysaccharide production and virulence to rice of the mutants
were assayed. [ Result] rpfFxoo, rpfCxoo and rpfGroo were cloned from the genomic DNA of PX099" and the relative
single or double mutants were constructed. Compared to PX099" | DSF production was deficient in ArpfFxoo , ArpfFCxoo
and ArpfFGxoo ,while DSF was overproduced in ArpfCxoo and reduced in ArpfGxoo. DSF production of ArpfFxcc,ArpfCxce
and ArpfGxcc, the mutants of X. campestris pv. campestris can be restored as XCl1, the wild-type strain by in trans
complementation of rpfFxoo ,rpfCxoo and rpfGxoo. All the mutants except ArpfFxoo were remarkably deficient in production
of extracellular polysaccharide. All the mutants significantly exhibited the reduced bacterial virulence to rice.
[ Conclusion] DSF signaling proteins RpfFxoo,RpfCxoo and RpfGxoo might function in regulation of DSF biogenesis and
EPS production and bacterial virulence.
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(AXFH:2EF)

Supported by the Special Funding of State Key Laboratory of China ( SKL2009SR03)
" Corresponding author. Tel; +86-10-62894147 ; E-mail; cyhe@ caas. net. cn
Received :24 November 2009/ Revised :28 January 2010

AN P AN AN A AN AR AN A N AN A N A N A N A A A A N A e N A N A e N A TN

(A4 IR ) & 351 5

B RmHHNHEREFEERN? — REKHETUMNERGERTHRA?
B AR TAR ST AR B AR A, L SN, B B HITIR, FIRTE 2 A 2 N AR AR5 -7
MHZMNER.
(1) WeBRRGIG , ek 2 LKt w e, ik EmitTREMEE, X SRS 2 DA IRE 2 %
KOV LB, S S i TR 26 3 A& AT I, 205 PRk G S, IR 2 M 4 o BRI ) 7T RE 2 2 A
(2) EHHRE (M ERA B BHFZL), WESHEER LY E-mail SHB8E R (LEER EOMSERR L) E
HAEIR BB SRS, &R T AL & M5 O il %
ERREEE ERATHEBERZIN A EEZRRAETRIAVEEANA AT RE S KRG,





