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( Xanthomonas oryzae pv. oryzicola Omega ;pMD19-T T4 DNA N
Xoc) rpfCxoc  rpfGxoc Taq DNA TaKaRa
rpfCxoc rpfGxoc Eppendorf ;PCR
BioRad ;
DSF N N N OLYMPUS CX4132PFL
N 1.1.2 N
RpfCxoc/RpfGxoc DSF
o ( Escherichia coli) LB LB
37°C.
1 ( Xanthomonas)
1.5% NB (NA)
1.1 28%C :
1L.1.1 :PCR (Ap) 100 pg/mL
(Invitrogen) DNA (Km) 50 pg/mL;
Tiangen (Rif) 100 pg/mL 50 pg/mLo
1
Table 1 Bacterial strains and plasmids used in this study
Strains or plasmids Relevant characteristics Source
Escherichia coli
DHS F~ ¢80 dlacZAM15 A(lacZYA — argF) U169 deoR recAl endAl TaKaR
“ m, ) phoA supE44 N~ thi-1 gyrA96 anata
Xanthomonas oryzae pv. oryzicola
Rs105 Rif*  Wild type This lab
ArpfCxoc Rif*  rpfCxoc deletion mutant This study
ArpfGxoc Rif*  rpfGxoc inHrame deletion mutant This study
ArpfGCxoc Rif"  rpfCxoc and rpfGxoc double gene deletion mutant This study
ArpfCxoc(rpfCxoc) Km"  Rif*  ArpfCxoc complemented with pUFR-rpfCxoc This study
ArpfGxoc (rpfGxoc) Km" Rif*  ArmpfGxoc complemented wiht pUFR-pfGxoc This study
ArpfGCxoc (rpfGCxoc) Km" Rif*  ArpfGCxoc complemented with pUFR-pfGCxoc This study
Yanth iris 8523 (pKLN5S) Km"  Sp"  X. campestris pv. campestris strain 8004 rpfF mutant harboring pKLN55 3
anthomonas campestris 3 .
P P DSF reporter GFP
Plasmids
pUC19 Amp"  ColEl origin Multi cloning site This lab
pMDI19-T(simple) Amp"  ColEl origin T-cloning simple vector TaKaRa
pK18mobsacB Km" oriT(RP4) sacB lacZalpha Plac Pmbi Mobilization and counter selection 9
pUFRO34 IncW Nm" Km" Mob® Mob(p) lacZalpha PK2 replicon cosmid 10
pK18-rpfCxoc Km"  pK18mobsacB with two rpfCxoc flanking fragments This study
pK18-rpfGxoc Km"  pK18mobsacB with two rpfGxoc flanking fragments This study
pK18-rpfGCxoc Km"  pK18mobsacB with two rpfGCxoc flanking fragments This study
pUFR-pfCxoc Nm" Km" pUFR034 with 3. 02 kb fragment including rpfCxoc This study
pUFR-pfGxoc Nm" Km" pUFRO034 with 2. 14 kb fragment including rpfGxoc This study
pUFR-pfGCxoc Nm" Km" pUFR034 with 4. 50 kb fragment including rpfGxoc and rpfCxoc This study
1.1.3 : X. oryzae pv. 2,

oryzicola BLS256
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Table 2 The sequences of PCR primers used in this study

Primer Sequence (5 —37) * Purpose
rpfCxoc4F GCTCTAGAGGTTGTCGGAAGAAGAGGTC
rpfCxocd R GGGGTACCCAGGTAGGAGATGAACAACG o )
- To in-frame delete rpfCxoc from Xoc strain Rs105
rpfCxoc2F GGGGTACCTCAAAGACGACGAACGCTCC
rpfCxoc2R AACTGCAGTTCAACCTTATGTCCGTCCG
rpfGxocdF CGGGATCCCGTTCGCCACCATAATCCG
rpfGxoc1 R GGGGTACCGCCTTTTCCGCACAGCTTC )
- To in-Hrame delete rpfGxoc from Xoc strain Rs105
rpfGxoc2F GGGGTACCGCCTACCTGTATGCCCAAC
rpfGxoc2R GCTCTAGACAAGCCCCAACTCAAATAGG
rpfCxoc¥pe GGGGTACCAGCCGACCTTCATCACCGAC
rpfCxocRpe GCTCTAGAGGTTGCTCCTCTATTCTCGG
I To amplify rpfCxoc gene and its promoter from Xoc strain Rs105
rpfCxoc¥oc GCTCTAGAAACCCATTGACGCGAGAGCG
rpfCxocRoc CGGGATCCGTTAGGCGAGAAGTCGTTGC
rpfGCxocdFe GGGGTACCAGCCGACCTTCATCACCGAC
rpfGCxoc- Re GCTCTAGAATGATGCTTGGGCTGGCTCG
I To amplify rpfCxoc and rpfGxoc gene from Xoc strain Rs105
rpfGCxoc2Fc GCTCTAGAAACCCATTGACGCGAGAGCG
rpfGCxoc2Re CGGGATCCGTTAGGCGAGAAGTCGTTGC

GAGCCAGCCCAAGCATCATC
GCGTATTGTTCGGGAGAGTC
CGAGGAAGGCGTGATGATGG

rpfCxocYMF
rpfGCxoc-YMF
rpfGCxoc-YMR

To confirm the deleted mutation of rpfCxoc and rpfGCxoc from Xoc
strain Rs105

“ Restriction sites are underlined.

1.2 ArpfCxoc- ArpfGxoc ArpfGCxoc
pK18mobsacB Xoc Rs105
o
« 2) Rs105 rpfCxoc-
rpfGxoc  rpfGCxoc (rpfGxoc  rpfCxoc )
N PCR
pK18mobsacB
( 1.
Rs105 NA
+ Km PCR
1 o 1
NB 7-9h
100 pL 10% NA
PCR 2 .
1.3
( 2) Xoc Rs105
rpfCxoc~ mpfGxoc rpfGCxoc DNA
pUCI9 .
pUFR034
PCR o

1.4 DSF
Newman  (2004) s GFP
X. campestris 8523 (pKLN55) Xoc
DSF o Xoc
NB 24 -36 h Xoc
DSF DSF . DSF
GFP
Xoc
DSF o
1.5
Xoc NB
~10" CFU/mL 50
( 63 o 25
22 -30C 14 d
o 3
1.6 EPS
Xoc 28°C 200 r/min 5d;
2 ;13200 x ¢
20 min EPS 55C o
3 .
1.7
Dow  (2003) Xoc
2, Xoc

(0D, =0.5)400 L
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40 mL L ( Tryptoen 10 g/L; vyeast 3552bp. rpfCxocYMF /rpfGCxoc—
extract 5 g/L; sodium chloride 5 g/L; D-glucose YMR . rpfGxoc1F /2R rpfGCxoc-YMF/YMR
1 g/L;pH7.0) 28C 5d 2 ArpfCxoc-
o ArpfGxoc  ArpfGCxoc PCR
DNA Rs105
2 2029.973 3552 bp. PCR
ArpfCxoc~ ArpfGxoc ArpfGCxoc
2.1 ArpfCxoc. ArpfGxoc ArpfGCxoc ( Do
NA + Km + Rif
PCR ( )
pK18mobsacB 2 ArpfCxoc (rpfCxoc) ~ ArpfGxoc
rpfCxoc~rpfGxoc  rpfGCxoc 2029.973 (rpfGxoc)  ArpfGCxoc(rpfGCxoc) »
bp
5000—
2500—

1 rpfCxoc .rpfGxoc  rpfGCxoc PCR
Fig.1 PCR analysis of the deleted mutation of rpfCxoc rpfGxoc and rpfGCxoc in X. oryzae pv. oryzicola. A:
PCR confirmation for ArpfCxoc (1. Rsl05; 2. ArpfCxoc) ; B: PCR confirmation for ArpfGxoc (1. Rs105; 2.
ArpfGxoc) ; C: PCR confirmation for ArpfGCxoc (1. Rs105; 2. ArpfGCxoc). M1: DL15000; M2: DL2000.

2.2 ArpfCxoc- ArpfGxoc ArpfGCxoc DSF rpfCxoc Xoc DSF
( 2B) rpfCxoc  rpfGxoc
DSF X. campestris 8523 DSF ( 2-D);

(pKLN55)  Xoc Rs105 DSF (
DSF DSF

2 rpfCxoc rpfGxoc DSF
Fig.2 rpfCxoc and rpfGxoc regulated DSF biosynthesis in X. oryzae pv. oryzicola. The wild-type stain Rs105 (a and A)  ArpfCxoc (b and B)
ArpfGxoc (c and C)  ArpfGCxoc (d and D)  ArpfCxoc (rpfCxoc) (e and E)  ArpfGxoc (rpfGxoc) (f and F). Green fluorescence was viewed on

fluorescence microscope (A B C D E and F) and the corresponding reporter was viewed under white light (a b ¢ d e and f).
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E 2¥). rpfCxoc DSF
rpfGxoc DSF o rpfCxoc  rpfGxoc
RpfCxoc/RpfGxoc  DSF Xoc
RpfCxoc o ( 4.
2.3 rpfCxoc rpfGxoc Rs105
; ArpfCxoc

rpfCxoc  rpfGxoc

Xoc ;s ArpfGxoc
 3). rpfCxoc  rpfGxoc  Xoc

o ; ArpfGCxoc
2.4 rpfCxoc rpfGxoc
( 4. Rs105
rpfCxoc  rpfGxoc ArpfCxoc (rpfCxoc) ArpfGxoc (rpfGxoc) ArpfGCxoc

DSF (rpfGCxoc) ( )o

(A)

3  ArpfCxoc.ArpfGxoc  ArpfGCxoc

Fig.3 Pathogenicity analysis of ArpfCxocArpfGxoc and ArpfGCxoc derived from X. oryzae pv. oryzicola strain Rs105.

4 rpfCxoc rpfGxoc

Fig. 4  The rpfCxoc and rpfGxoc deletion mutation resulted in growthfashion turnover from dispersal to aggregation in X. oryzae pv.

oryzicola respectively.

2.5 RpfCxoc/RpfGxoc 0.08 mg/mL) .+ ArpfGxoc (1.90 £ 0.23 mg/mL)
EPS ArpfGCxoc(2.24 £0. 24 mg/ml) EPS
rpfFxoc Xoc  EPS 48.5% 44.1% 34.1% ( 5).
RpfCxoc/RpiGxoc EPS Rs105
? ArpfCxoc ArpfGxoc
rpfCxoc  rpfGxoc ( 6) EPS
EPS : Rs105  EPS o

(3.40 £0.07 mg/mL) ArpfCxoc(1.75
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Fig.6  Cell morphology of ArpfCxoc~ArpfGxoc  ArpfGCxoc.
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Abstract: Objective To elucidate the biological functions of a two—component system RpfCxoc/RpfGxoc in Xanthomonas
oryzae pv. oryzicola (Xoc). Method Based on the genome template from Xoc wild-type strain Rs105 the rpfCxoc and
rpfGxoc genes were amplified by polymerase chain reaction (PCR). The inHrame deletion mutations of rpfCxoc rpfGxoc
and rpfGCxoc (rpfCxoc and rpfGxoc double genes) were performed by the suicide vector pK18mobsacB and determined
diffusible signal factor ( DSF) biosynthesis pathogenicity in host rice biofilm extracellular polysaccharide (EPS)
production and cell morphology. Result rpfCxoc and rpfGxoc were cloned from the genomic DNA of Rs105. PCR
analysis demonstrated that the rpfCxoc rpfGxoc and rpfGCxoc genes were in-Hrame deleted successfully. Compared to the
wild-type strain Rs105 DSF were overproduced in ArpfCxoc and ArpfGCxoc but DSF production was remarkably
decreased in ArpfGxoc. The DSF production of these mutants was restored by introducing the complemented cosmid pUFR-
rpfCxoc  pUFR-rpfGxoc and pUFR-pfGCxoc respectively. Subsequent experimental results indicated that mutation of
rpfCxoc  rpfGxoc and rpfGCxoc resulted in pathogenicity loss of Xoc in host rice and decreased biosynthesis level of EPS at
34.1% -48.5% compared to that of Rs105. In L. medium (Tryptoen 10 g/L; yeast extract 5 g/L; sodium chloride 35
g/L; D-glucose 1 g/L;pH7.0) Rsl05 was growing at planktonic pattern but the mutation of rpfCxoc and rpfGxoc led to
Xoc cell aggregation at the wall of the flaks at the airdiquid interfaces and ArpfGxoc generated reticulation biofilm at the
bottom of the flaks. But ArpfGCxoc only generated reticulation biofilm at the bottom of the flaks. Conclusion The two-
component system RpfCxoc/RpfGxoc modulated DSF biosynthesis EPS production and biofilm dispersal of Xoc which was
required for the pathogenicity of Xoc in host rice.

Keywords: Xanthomonas oryzae pv. oryzicola RpfCxoc/RpfGxoc diffusible signal factor pathogenicity biofilm
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