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Abstract: hrcQ gene of Xanthomonas oryzae pv. oryzicola (Xoc) is highly conserved in the animal and plant pathogens. It has
been postulated that the differentiation at the N-terminal of HrcQ proteins in different plant pathogenic bacteria is related to
the secretion of specific effectors through type [lI secretion system (T3SS). However, it is unclear whether HrcQ affects the
formation of T3SS and the secretion of T3SS effectors. To understand the effect of HrcQ on the formation of T3SS and the se-
cretion of T3SS effectors, hrcQ mutant of Xoc was generated by knocking-out mutagenesis through allelic exchange. Pathoge-
nicity assays verified that the ArcQ mutant lost the ability to trigger hypersensitive response (HR) in nonhost tobacco and path-
ogenicity in host rice. The expression of hrcQ was induced when the pathogen interacted with rice cells. The protein-protein in-
teraction assay by yeast two-hybrid system showed that HrcQ could interact with Hpal, HreN, HrpB5 and HrpB2.
Immunobloting assay confirmed that HrcQ was not secreted through T3SS, whereas the mutation of ~rcQ led to no secretion of
Hpal and HrpB2 through T3SS. These results suggest that HrcQ is the core component of T3SS helping Hpal and HrpB2 se-
cret through T3SS to determine HR in tobacco and pathogenicity in rice. All the above also provides a basis for further under-
standing of the secretion mechanisms by X. oryzae pv. oryzicola T3SS.

Key words: Xanthomonas oryzae pv. oryzicola; hypersensitive response-conserved gene; type [[[ secretion system; hypersen-
sitive response; pathogenicity
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B E. KA E (Xanthomonas oryzae pv. oryzicola) hreQ 3[R 1 B Fe 4955 J5 40 T8 i BE AR ST o A [) 4 90 90 D 400 o A9
HreQ FE FE7E N s A3 2246, HE00 7T 58 5 43 W6 1 RL N 43 F 48 S M A 06 . (HOKRE 25 508 7 HreQ 2 (1 4 T 28Y 43 0 3R 4t Ctype T
secretion system, TSSS)E’JfﬁﬁiU&XJ‘?&JJ}J‘?E‘J%%‘@%EWEI%%o S HreQ 8 78 I 77 180 09 4F F3 . A T IR 98 35 41
D7 ARAG T KRG A BENG B hreQ DRI A R 28 A8 IR % 28 AR IR 20 T 70 MR 5 1 98 e b ik S I 1Y) BB RN FE K RS b 1 o
hreQ B 5K 4 i HAER 25 R RIK ﬁﬁﬁi*ﬁﬁﬁﬁﬁééﬁ L i 7% > HreQ 7f 43 %1 5 Hpal . HreN, HrpB5 il HrpB2 H.
fE. Sy PRI & B . HreQ ANl i T3SS 43 W E LA, hreQ £ 28748, 5% ) Hpal Al HrpB2 2 H 43 W, XS5 KM,
HreQ & FURTE B 3 W8 R G2 1 S AR 241 43 93l 20 5 Bh Hpal A1 HrpB2 % T3SS %00 1 19 43 W6 - AT 52 i 95 B 7 3F 27 &=
F ) 3 P B R R AE KRS B BOR M . 33X O 3E— 25 4 T KRS B SR M B T3SS (T B 43 WA AL ) 25 0 T LAl

KB KRB R hreQ ZH; B/ RS0 s o Sk SO s Bowi i

FES S Q933; S435.111.479 XHERFRIREG : A XEHE . 1001-7216(2011)01-0011-08
IKFE & 3006 H (Xanthomonas oryzae pv. oryzi- FE R 4w A 1 Y 40 b 2R 48 (type [l secretion system,

cola, Xoco) 12 Y K TG 7= A= 4 B 1 45 KE 9 (bacterial T3SS) ¥4 2K 3% b & 11 (T3SS effectors) I A W)
leaf streak, fAJFRS5BHEG) » 42 K1 W & Ik [ K a0 0, TP o AR R W 0 AR R AR N T
Fef b ) B A O L R S M X R K R R
%mﬁﬁ%m o Xoc BAEZF FEHY 04k 8k v WA 2010-03-31; EXB/YRIEET: 2010-05-10,

(hypersensitive response) il 7€ 2F = Hi ¥ I 1) 8% EE&WB.: EXK 973 iH RIS H (2006CB101902) 5 [H % H KRl
Fe 40 B3 H (30710103902) 5 [ K4 26 Mk A7 Mk C&lb) Bl % 330
4 (pathogenicity) &£l hrp JEEEHE WS, hrp 7 RA LA (RO BB 5

gt H (NYHYZX07-056) ,
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SR = E PGB IRPES . Xoe B hrp FEHFEN T
Pefa ik 27 kb WX I, B 9 4 hre Chrp con-
served) .10 4~ hrp Fll 8 > hpa (hrp associated) it
HA K . 9 4 hreChrp conserved) 3 K 7E 3 15 )
o D 200 BT b s DR ST HE DU g A I Y 3 8 R 5 T %
DA AW B e A B - B R AR O
M HreR. HreS,HrcT,HrcU 1 HreV ZEH O T 44
WP B0 HeeC 3 AL FAMBEER 10 s Hre] 28
125 155 3% 42 9 TSR AN SR 5 HreN J& — A4 ATP
(ATPase) , £ E AL T T3SS F &4 A B 1Y THAR » fiE
g 7K fig ATP, $2& it 5 & . K 2l %00 25 (1 3@ 2f T3SS
GRS HreQ J2& — A4S Al ¥ PR 19 28 1 76 40 o iy
R 1 28 7 38 AS T 281 A8 HL ) 6 i 40 T Pseudo-
monas syringae " HreQ Bt HreQ(B) W.3L LA M sh¥)
TR AN Shigella ) HreQ(B) AW H) Spa33 . #f
5 TTSS i C FREGH AL S o i 7 7K i 4%
PR B b, 2 B ) Hre 25 #0200 B 7E KA B
O BT 5 1 LA R 3% 26 Hpa, Hre A1 Hrp 2 40 4o
FEAE AR T3SS RGE IR . A5 E
Tk i DR R B S0 1 DN R B XL 5 B B AR 5L A
5 AWEE T KTl SR B0 T 1 horeQ B X T B0 1
M TRR kR M HreQ 8 19 T3SS 23 W DL
HreQ # 5 HAl Hrp & F#EAEC R, LU 46
78 K R 2R B B 5 /KA 1 20 1 AR AL SR R 7 4
g

1 M#5J5ik

L1 s B AR 0 B

A5 B A B R B JBORE R DL 3R 1. KA A5 B
WA B FE T NA BRI NB iR S, & T
28 C MK KIBF HE (Escherichia coli) T LB 5%
Federh 37 CRREFR . hrp PR HEFRIE N XOMBHY,
AR B AE RAWE . AN EER (Ap)
100 pg/mL; RAR % & (Km) 25 pg/mL; | & °F
(RiD) 100 pg/mL; i ER5EFE R (Sm) 100 pg/mlL
MWL R (Sp) 25 pg/mlL,
1.2 #E¥HE

YR B Ry A A MH ( Nicotiana benthamiana ) » 7K §§
A Al TR24 FiR T R e Ol R A7l = v . KR &
V20 0 % 75 e R AR S I IR AT
1.3 FZRAAGIWEREEXNE

JKFE 4% BT 1 3 R 41 DNA $2 B0l 00 £ L 0k
FE R & L BEE [l Wi iaGh) & 4 W T Axygen 22 F
ARNA $2 B0 & e ) & L pMDI18-T %

i E K FE R (Chin ] Rice Sci) 45 25 445 1 W (2011 4E 1 D)

P L BR il ¥ N U) B 3 $E B . Ex-Taq B Al DNA
marker ¥ W T K% TaKaRa 22 #], Southern 438
Jt R B R bm e 1K ) & W F Roche 4 H] . A
WIS A B Y (% 2t 4 B E R (B D A Rl A
. BE R % & 58 (Gel Doc 2000TM BIORAD,
USA) I F Bio-Rad, C-Myc £ 5 b Hi (& 14 F 4 B
i B (i 50 2
1.4 KEEPRE hreQ REFHHE

PIB R RS105 /) hrp HE P57 5] (AY875714)
R Al A Al 5 PR RN A SR Il 3 ) BE B AreQ
F[H 4 5 X 35 346 bp F1F Ui 909 bp B DNA K
BE e A R R . LA RS105 B Bk A 3 [ 41 DNA
AR 43 8 hreQ1-F F1 hreQL-R & hreQ2-F
Ml hreQ2-R 51#) (% 2) #47 PCR ¥ 3. 73 5 &
BamH T -Xba 1 K Xba 1-Sal T WEFY) . 4lifk . %
fE4 BamH 1 -Sal 1 Y] # pKMS1 2k |, 315
pKMSARArcQ WY H #i Mk (= D, i % 1b 4%
pKMSARArcQ Ji ki § A RS105 B #k . 78 A & i
B NA+Km K557 5 F 0 2 25 — K [R]85 41 19 5
T FEAE 1026 FERE 19 NA SF-H B S B sacB 1)
U RE T E 47 5 U TR IR A8 X NA + Km
Tt bR R . B hreQ R SR K
ARRreQ. N T HEH, LL hreQl1-F il hreQ2-R 4 3|
%t ARhreQ # 47 PCR B 3E; P4 hreQI-F #0
hreQI-R ¥ #4413 1) PCR J Bt N # £ #£ 17 South-
ern 2435 IE .
1.5 INBEEE %b

Lk ChreQ-F Fil ChreQ-R N5l ¥ (F 2), DL
RS105 iy BEF 41 DNA g #idz , 248 PCR #1475 243
& hreQ A3 F X I 1366 bp Y T fig B #b A B
2 BamH 1 -EcoR T XUV 5 v B 3] 24 7] i U] 4b
Yy pUFRO34 # ik b, 3 24 ik pUFRArcQ.
¥ pUFRArcQ 1A B 35 b & ARArcQ 1 3 75 41
fiflHp, 3R A% 26 PCR BIE 19 2 fE 4 F CARArcQ.
1.6 KABLEFRERELIHERMARAEE
K B E

K 2% BERG DA 45 1L 3 TR R B % 2 0 B KT
B 250 3X10°CFU/mL(ODgy =0. 5), ffifi]
TCEF K T S e R S B A 14 d i TR24 K
FEmt A, 3 d e W2 K R T B R B R 1 d
SR S DX 3 ) K R I e B 3 3 e B A R U A TE
A MNMPUE RN NA PR L, 3~4 d G4
o, meiE 5 d. AR EL 3. HHTAR
L Sk BB AS B B K R I R Bk 1o gk b
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Table 1. Strains and plasmids used in this study.

TR R TR Tk H U
Strain and plasmid Property Source
4 Yeast
AH109 MATa, trpl-901. leu2-3. 112, ura3-52, His3-200, gal4, gal80, Clonetech

KIGAFE Escherichia coli

LYS2::GALIyas-GALLara-His3

DH5« ©90, lacZAml5 , recA, hosts of pUCI82T, pUC192T, pRFR034, and their derivatives Invitrogene
IKFE S4B I X. oryzae pv. oryzicola

RS105 ) BpAR, hiE 2 S/ AR S

Rif", the wild type strain, Chinese race 2 This laboratory
ARhreQ Rif", BfA: B RS105 () hreQ K [ i B € 7% 1 EXT/E

Rif", the hrcQ knock-out mutant of the wild type RS105 This study
CARArcQ Rif", Km", hreQ J [ il Bk 58 728 145 14 2y BE T #b B #R AWFFE

Rif*, Km", a complementary strain of the hrcQ knock-out mutant This study
ARhrcV Rif", ¥f24E: 8 RS105 By hreV 3 R Bl 5% 58 28 1 LN

Ji ki Plasmid

Rif", the ircV gene knock-out mutant of the wild type RS105

This laboratory

pGBKT-7 Km", DNA/bait, ¢-Myc, TRP1, 7.3 kb Clonetech
pGADT-7 Ap", AD/library, HA, LEU2, 8.0 kb Clonetech
PA-hreQ Ap'. MEAE pGADT-7 |, &4 hreQ JPY 831 bp J Bt AT

Ap'. a 831 bp hreQ ligated in pGADT-7 This study
pB-hpal Km", #@7E pGBKT-7 L, &H hpal FEFE Y 414 bp Jr B BN RN

Km'", a 414 bp hpal ligated in pPGBKT-7 This study
pB-hreN Km", ##7E pGBKT-7 I, &% hreN 3EFE K 1330 bp F Bt NI

Km", a 1330 bp hrcN ligated in pGBKT-7 This study
pB-hrpB2 Km', # # 75 pGBKT-7 I, &4 hrpB2 SEH Y 393 bp i B AT

Km", a 393 bp hrpB2 ligated in pGBKT-7 This study
pB-hrpB5 Km", &7 pGBKT-7 F, &F hrpB5 KK 261 bp /B N

Km", a 261 bp hrpB5 ligated in pGBKT-7 This study
pMDIS-T Ap'. TA Rl # Mk, KIETF pUCIS TaKaRa

Ap'. TA cloning vector, pUC18 derivative
pMD18-hrcQmyc Ap" ) #AE pMDIS-T L, hreQ Fl myc filt 4 3% P 5k ALK E

Ap", The fusion gene of hrcQ and myc ligated in pMD18-T This laboratory
pKMS1 Km', 6.4 kb, pUC18 [ Z 5 BN 5 s & mob .oriV Hl sacB #:H AL

Km", 6.4 kb, pUCI8 polylinker, containing mob, oriV, and sacB This laboratory
pHMI Sp'. JZ A B B, & pUCLY [ £ SR AL s Hopkins et al"*

SP’, Broad-host-range vector with pUC19 polylinker
pUFR034 Km’, 8.7 kb, IncW, Nm", Mob" , LacZa®, cosmid De Feyter''*!
pPKMSARA7cQ Km", #g7E pKMS1 |, & hreQ & A A7 W5 3 [7) BV 1255 bp @GS R B ENIEN

Km", a 1255 bp fusion of the left and right flanking fragment of the hrcQ locus was ligated This study

into pKMS1
pHhpalmyc Sp's Sm', HHAE pHML b &4 hpal Flmye ) 604 bp [k & 5 H AR E =

SP*, Sm", a 604 bp fusion fragment of hpal and myc ligated in pHM1 This laboratory
pHhrpB2myc Sp'. Sm™, W EAE pHM1 &, &6 hrpB2 Flmyc 1) 624 bp ) fl4 3 K NSy

SP", Sm", a 624 bp fusion fragment of hrpB2 and myc ligated in pHM1 This laboratory
pHAreQmyc Sp*s Sm', WHETE pHMIL b & hreQ Flmyc [ 1481 bp i & 3 B AT

SP", Sm", a 1481 bp fusion fragment of hrcQ and myc ligated in pHM1 This study
pUFRArcQ Km", #@7E pUFRO34 | (4571 hreQ BE P K H S 371 1366 bp 19 )1 Bt ESTE

Km", a 1366 bp fragment including the promoter and ORF of hrcQ (RS105) ligated in pUFR034 This study

Km'— RIBH R Rit —FlIAEFhotk; Spr— &R itk Ap — i\ R Sm™—#HE R,
Km", Kanamycin-resistant; Rif", Rifampicin-resistant; Sp", Spectinomycin-resistant; Ap", Ampicillin-resistant; Sm", Streptomycin-

resistant.

B4 dJE IR RE K B . DU RE B I ROR EEVESS 1.7 4B RNA $2EUA RT-PCR
A7 FA .24 by UL Ak O R 5 T R KRG S BERG BITE hrp 55 85 96 3 XOM3 g
23, K16 h 5 0 4 1 1 . i B8 RN Aiso Plus # 1 F I
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Table 2. Primers used in this study.

i E K FE R (Chin ] Rice Sci) 45 25 445 1 W (2011 4E 1 D)

. JEF (53", F R Lk WY ) B R EE SE A 5 [ h B
Sequence (5'—>3", underlined are the Annealing Time for PCR product
Primer
sites of restriction enzymes) temperature/ C  extension/s /bp

hreQI1-F (BamH T ) 5-TTAGGATCCGCGGCAGGGAACTGGGAAGCGT-3' 58 30 346
hreQ1-R (Xba 1) 5-ATTTCTAGACCTGCCCAGCTGCGCGCGCTC-3'
hrcQ2-F (Xba [ ) 5-ATATCTAGACGTTGGCTCGCTGCTGCTGGT-3' 56 60 909
hreQ2-R (Sal 1) 5-TAAGTCGACGAGATGCGACGGATCATGGGAAC-3'
ChreQ-F (BamH 1) 5-TAAGGATCCGACCGAGTGGATACGCACGCAAC-3' 58 150 1366
ChrcQ-R(EcoR ) 5"-ATAGAATTCTCAGGCATCTGCATGCGTGCTC-3'
hreQmyc-F (Kpn 1) 5-“TAAGGTACCAAGCTTTACAAACGGACCCGCCATCACGTCT-3' 64 90 1481
hreQmyc-R(Hind|ll ) 5 -ATAAAGCTTGGTACCTCACAGATCTTCTTCAGAAATAAGT

TTTTGTTCGGCATCTGCATGCGT-3'
hreQp-F(EcoR [ ) 5-ATTGAATTCGGCGACAGATCGCGACCGAGTGG-3' 54 40 551
hrcQ31-R 5'-TAATATCCAGCTGCAGGCGCAGGCGAG-3'
hpalmyc-F(Hind]ll) 5 -TTAAGCTTTTCGCGCGTACAAGCACAATTTCGCA-3' 58 50 604
hpalmyc-R(Pst [ ) 5-AACTGCAGTTACAGATCTTCTTCAGAAATAAGTTTTT

GTTCCTGCATCGATCCGCTGTCGTT-3'
hrpB2myc-F(Sal [ ) 5'-AATGTCGACATGACGCTCATTCCTCCT-3' 59 35 393

hrpB2myc-R(Hind[ll)

5'-TATAAGCTTCTACAGATCTTCTTCAGAAATAAGTTTTT

GTTCCTGGTTCTTCACCAGCGTCTGCAC-3'

(TaKaRa A &]) $#2HU S RNA, £ 55 ¥ 5 i m ik
il #0430 06 B it € & J5 . % B Reverse Tran-
scripase IR A & (TaKaRa 2 7)) i J7 24 il cDNA,
PL cDNA 4 A, PCR 71§ hreQ B H . DL 16S
rRNA JEH N2, 1 1E cDNA BRI E . 25 uL
PCR AR $E 1 U Ex-Taq, GC ZZhi 12.5 pL,
2.5 pL 25 mmol/L Mg*", 2 L. ANTP Mixture (4%
2.5 mmol/L), 5 ng ¢cDNA , 2 ,L 5|47 (20 pmol/
L) H#giKE %2 25 pL, PCR &4:95C K M
AP 5 ming 94 C FAEHE 50 s, 52C IR K 45 s,
72 CFAE A 45 5,35 DNEER; 72°C R 3843 AE il 10
min,
1.8 BEXIEZRES

7 Clonetech [ £ XU 4 52 #:AF T % hreQ
B e BETE pGADT-7 #dk -, 3R 15 5 241 2 ik pA-
hreQ. B 26 A4~ hrp B 43 51 58 BETE pGBKT-7 24
ARG AHNL pB-hrp A R OR 23 2R A 1
#). # pA-hreQ 43 5 Al pB-hrp #8447 wF 5 A
AH109 B EE 40 v, T AT T8 FR 8 Y SD/-Leu/
-Trp/-His P4 . T 30 CF K% 4 d o Pk IRCPH
sLlE . 7E SD/-Ade/-Leu/-Trp/-His PRIk, 3k
P PAPE S B BE JS AT Bgal WG VERLIN . R A E
pGADT7-T #1 pGBKT7-53 fE & M xF M,
pGADT-7 Al pGBKT-7 {1 Jy [ #4 %} Bt
1.9 HreQ ZEBEH I B & i 4G

¥ C-Myc #3285 hreQ BTG X HreQ
B AT WK . PL hreQmyc-F Fl hreQmyec-

R(E 2K ETF#E514,. L RS105 @ #k gDNA i
Hr, PCR "4 45 3| 1481 bp & A )& 3 7 F1 hreQ %
R B PCR =9 dife B s 5 pMDI8-T # (&
B RS A B AR pMDI18-hreQmyc, 4 2K
pMD18-hrcQmyc & pHMI1 # AR R0 #47 Kpn 1 Al
Hind [l XA V) i $ . 153 3 & 41 i k. pHhreQmyc,
e B[R R IR AR 318 hpal-C-myc F1 hr pB2-C-myc
B B 4H ki pHhpalmyce #il pHhrpB2myce, R H
Ak g7 20, 8 P 45 3 41 5K 4 i & A & RS105,
hreV G AR RN hreQ 78 UK i, 4545 A0 I FH 7 5% 1k
T (GR D AHN MR AE & A AH XS B e 2E R NB K
Fr R R A 0 A A L WA T R A AR TG TR K R
VHR 2 IIEA 2 mL XOMS3 S 1 3 202
BT 28 CHER P HE 3 16 h,10 000X g REL 5
min, JCHE R RR B . X g SEAT R T AL B A5 E)
EEEAGSN), HGTFABREH EEEAMECE
W KR 1) TR AR 389 0 58 2 19 PBS 4T % f, IR A
1/5(RBUY 5 X SDS EFESGE Wi, i /KA 5 min, 15
AT MM EWEEA SN MEEA(TE), F
—20C FRAF. 2 1520 BS AN 6 260 He 4 X L it 47
SDS-PAGE H k. >k F 1B % % M 2R 1 5% %% )
PVDF i I, PVDF & F &4 5% Wil 4 U5 i &
AW e 4 CHAME T H SR, 1 mg/mL 1) C-
Myc %4t £ 7 BE PR T BB 1 ¢ 5000 Ay EL 1) 5 B i
AF| B W37 C T E 30 min, ] 1 X TBST ¥
T3 IXTBSEBE 1K BIRIEEE THIK E 10
min, fELWKE N 0.2 pe/mL B EPi R 1geG/HRP
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B .37 C T E R 45 min, JJ TBST #1 TBS
Wik, )5 A Easysee Western Blot kid 2¢ Y6 Ji& 4
W E 30 s FEME = HofF BE T X 5 15 A
R JE g 5~15 min, X R 4T 5% FE 2 . 40 R
A .

2 gEWR 50

2.1 hreQ RAABEWRFBEEEFE LHLTE
MEREMEE LEERRERENER

W& A hreQ 75 3 (346 bp) 45 ¥t i (909
bp) RS R Bt @ T pKMS [ o, 31015 1 #4148
& pKMSAhreQ, HL#% Ak 2 BF A= T B bk RS105 o, 22
PR [F) 15 22 48 s 3R A3 hreQ il 2R S AE AR ARAreQ (A
1-A) . FH hreQ1-F F1 hrcQ2-R 3| ¥y 43 5 X B A= 7Y
AR AL 4] DNA # 47 PCR § 3% , B 28 AU 14
WU 2017 bp Zaly s RARBLE T 915 bp MY 4541
(A 1-B). LI hreQ1-F il hreQ1-R ¥ 34445 49 PCR
FBOREREE  Southern ZR 52 25 5 B 7R, 5 B AR BUAH
L RARRRAG — B T 254 bp WAF 5 &4 (A
1-C) . 5 Wi i 45 % — 3% . PCR Ml Southern %%
S5 JUESE KA SR BN B horeQ PR A AR B A

SRS PE I 5 25 R R hreQ RABARF] hircV 58
AR —HE 3 R T TR K AR BB UK R E R (A
2-A) FIAE LR B K R 1 19 B0 RE ) (B 2-B) L 32
T AEARF F 0 B IO o B SO e RE T (I 2-
O M FE K FE P A K BE 1 B 35 T e (&l 2-D)
XHRIR  hreQ PR K8 2 B0 T AE /K A B B A 3K
VR S 4o | R s o -2 W e VA 1 <
hreQ B ) fig B AR SR ARRreQ, 45K IR, T
AE B AN T PR T AE 7K R b 0 S0 A 5 B = A i
CME SN Y RE 1 (L 2) AR B FE K R AL 4L b i A K
RE IR & 2 By AR ALK (B 2-D) . X R B hreQ
HE DR e o B 7K R 4% RE T A 0 2 b 2 o P g
FE KRG b 1 S0 2
2.2 hreQ BEEZKBHMIFSRIX

R T e R KRG AR BEN T hreQ FER S 2 KA
RS T 22 08 ST I R v Y 2GR KR L K R A B
o TR Y A B TR R RS105 55 7K e A 77 40 M B A J ik
RT-PCR 737 hreQ FE N (e s R B KF-. 251 B
N shreQ FEPTE 5K R 40 i HAE 2 h I A s
ik HAE 4 h i FRGEKCPE L HAE 8 h B R IB K
B, AR 16 h J R 2 B H (& 3), XEY
KA BENG R hreQ N Z KA MBS IF S5
T e

B 1.F 1-R B 2-F B 2-R

ets i l

Chromosome

_’.346 bp.l_hch(9iS bp)"‘;;
V

REFB
Fusion fragment

PR R AL

Knock-out mutant

M1 1 2

2000 bp
1000 bp

750 bp
500 bp

B 1 REEEBE hreQABHRERGMAERS T RIE
Fig. 1. Schematic map and molecular analysis of the hrcQ mu-
tant of X. oryzae pv. oryzicola.

A= hreQ BER G PRI RITE . JC 650 165 0 B 511 2% hreQ
IR 55 A 6 A B AP AR 1K pKMSY , 26 95 Y ) 052 B, 9640
hreQ e P RBR R AL A . B Bgl 1 WVIfL . 1-FL1-R.2-F #I
2R U A PCR ™R53 045 . B— 57 1 PCR Jh47 . 1
— B A Rk RS1055 2—hreQ RAEM, C— hreQ % 7E{K Southern
JSCIPBR . B hireQ SR A I 4 DNA 2 Byl 1 8541, 11
hreQIF I hreQ1-R 51973847 PCR 7335751 DNA J B R 61
1) VE 4 Southern 2238 AR EF . 1 — B9 4= &I [ #k RS1055 2 — hreQ
S

A, Schematic process for the construction of the hrcQ knock-
out mutant. The grey and black regions, indicating two flanking
fragments of the hrcQ gene, were ligated into a suicide vector
pKMSI1. The hrcQ gene was knocked out after two homologous
crossover events occurred. B indicates the restriction enzyme cutting
site of Bgl [ . 1-F, 1-R, 2-F and 2-R represent the primer positions
for PCR amplification. B, PCR analysis for the hrcQ deletion mu-
tant., 1, The wild type RS105; 2, The hrcQ mutant; C, Southern
blot analysis for the hrcQ mutant. The PCR product (the grey re-
gion) by 1-F and 1-R primers was used as the probe for Southern
blot analysis after the genomic DNAs of the wild-type and the hrcQ
mutant were digested by Bgl [ . 1, The wild type RS105; 2, The

hrc@Q mutant.

2.3 HreQ Ai@E T T3SS #1740
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Bk RS105 J2 H hre V58 728 1K 52 11 349 68 A6 ) 39
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eIk . (EAERF A TR hre V2R A8 R B 41 i A1 35 A
REBZ A I 2] HreQ-myc 1 2% 22 15 5 (B 4D, Ui ¥
HreQ ANid i T3SS #4740



16
1 2
A
2
B
N
LYY - =
28 g -
;ﬁgé“& —;-2 =
286 d
2D
ﬁg% A '_';'—"—'i‘.:'-::‘!":::.
bS] b R
£5 1

1 2 3 4 5
0 J5 K2 Days after inoculation/d
B 2 hreQ R T AR RS b oY SR Ao 2 R 3 b R ST SO R
B 71
Fig. 2. Pathogenicity in rice and ability to trigger hypersensitive
response in tobacco for the hrcQ mutant of X. oryzae pv.
oryzicola .

A — S e TR24 B ) (P ] ) K R i (3 d g WA K Bt
SERIGTE IO o B — 4 A bR CPTAS HD 7K S (14 d i 0k 9 5
K. C—FIMTE K TS 4 3X10° CFU/mlL #1540
M4 (24 b JE O IR ) o D — K RS A BEAR 1 hreQ A5 IR TR
AT TR2A sh Ty RO, 1 — B2 T B B RS1055 2 — hreQ
R ARRreQ; 3 — hreV RAEK ARAre Vs 4 — hreQ R IR IK )
AL Ah T CARArcQ,

A, Water soaking symptoms in rice seedlings(two-week old) of
IR24 by using needleless syringes (observed 3 days after infiltra-
tion). B, Lesion lengths in adult rice (two-month old) by leaf-
needling method(measured 14 days after inoculation). C, Response
of tobacco to X. oryzae pv. oryzicola strains at 24 h after infiltra-
tion of bacteria at 3XX 10° CFU/mL into tobacco leaves with needle-
less syringes. D, The growth ability of the hrcQ mutant of X.
oryzae pv. oryzicola in rice IR24, 1, The wild type RS105; 2, The
hrc@Q mutant ARArcQ; 3, The hrcV mutant ARArcV; 4, The com-

plemented strain of the hrcQ mutant with hrcQ gene.
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P T ) P I B X 2 58 2 8 (Y2 HD X HreQ 5 HoAth
26 4~ Hrp B AW BAERRIAT 74001 @5R BN,
HreQ % H e 5 Hpal., HrpB2. HrpB5 #1 HrcN
EHAEXRE S, X8, HreQ fEE B T3SS &
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Fig. 3. The hrcQ expression of X. oryzae pv. oryzicola being
induced when the pathogen interacted with rice suspension
cells.
9T 4= BB Bk RS105 5K f B 40 5.AF 0,2,4.8,12,16,20 il
24 h g HRIUANE 9 8 RNA, j# it RT-PCR #4780, 16S rRNA
FEEEHAS .
The wild-type strain RS105 was grown in rice suspension cells
for 0, 2, 4, 8, 12, 16, 20 and 24 h, respectively, and then the
RNAs of the pathogen were extracted as the templates for RT-PCR.

The 16S rRNA gene was used as constitutive control.

REATE HiEEA SN
wt  ARArcV wt  ARhicV

HIcQ-C-Myc| e 4

B4 KiGEZsmHmHE HreQ & G R ik T3SS 4t
Fig. 4. HrcQ of X. oryzae pv. oryzicola was not secreted
through T3SS.

PEAT hreQ? Tinye A FE IR B BF AR AL R bR RS105 Fl hre V R £
FE hrp WA 3R XOMB i S 16 h AIH Y S E A M L&A A
C-Myc HUiR#EAT e 258 .

HrcQ secretion through T3SS was detected by immunoblotting.
The wild-type RS105(wt) and the hArcV mutant ARArcV carrying the
fusion of hrcQ::myc were incubated in hrp-inducing medium XOM3
for 16 h. Total proteins (TE) and supernatant proteins (SN) of the
bacteria were detected by Western blot using Myc antibody as the

probe.
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B-galactosidase assay on SD-Leu-Trp-His-Ade
SD-Leu-Trp-His-Ade T4 [ -1 FLRE gl i

pB-hpal pB-hrcN pB-hrpB2 pB-hrpB5 pGBKT-7  pGBKT-7-53
-
pA-hrcQ \\ \ \\
pGADT-7
pGADT7-T \‘
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ARG S s R E HreQ & G5 4 Hrp & G 89 24

Fig. 5. Protein-protein interaction analysis of HrcQ with other Hrp proteins of X. oryzae pv. oryzicola revealed by yeast two-hybrid

system.
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The positive interactions of HrcQ with HreN, Hpal, HrpB5, and HrpB2 was shown in yeast AH109 on SD/-Leu/-Trp/-His plates and

confirmed by B-galactosidase assay.
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Fig. 6. Inhibition of the mutation in hrcQ gene on the secretion
of Hpal and HrpB2 of X. oryzae pv. oryzicola.

i hpal-C-myc F hrpB2-C-myc fh £ 5 B 09 B 4 5D
RS105 hrcV 8 AR LA e hreQ S8 7B IR TE hrp 5 5 85 37 36 XOMS3 o
P 16 b 4 A9 R R CTE) AR WS 2 A (SND T Mye $it (R #E 4T 5
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The wild-type (wt) strain RS105, the 2rcQ mutant ARArcQ and
the hrcV mutant ARArcQ, carrying the hpal-C-myc and hrpB2-C-
myc fused gene, were incubated in an hrp-inducing medium XOMS3
for 16 h. Total proteins (TE) and supernatant proteins (SN) of the

strains were analyzed by immunoblotting using C-Myc antibody.

SFL BN N S T3SS E‘Jﬁibéﬂﬁj\[”: EN A
SRBER B hreQ F& R kAR AR IR R AR IRIE K FE I

T2 T 8O M N RE AR K A T 0 1 e A Y K
TURE TR RN E SR 91 7K A B 7= A R 19 2% B iE AR [F)
B3 2k 7 76 A A A0 B b 7 AR B OB Y g
J7 . AP EERIN &L, HreQ & (A A &% 45wk,
B - A% AR B SE 48 8, HreQ 5 Hpal
HrpB2 ., HreN Hl HrpB5 S840 HAE M . AIR] hreV EE
K —FE . hreQ FEFH 2275, Hpal 1 HrpB2 # H 19 43
Mﬁ%ﬂ%ﬁuﬁ X W], HreQ f& T3SS i H E 4
I7 e XHEIR hreQ FE PR B g KRR 4% BES 1 AE KRS

B0 PE A AE AR A ALY b 00 oM B R e
T3SS W A i T3SS BN 43 1 B 43 106 111 3 ik
)8

IKRE S BERG T hreQ HE DR, W [R] HoAth hrp BE P
— R RZ R RIE M X R T R AR -
KR EAE B KA T I hreQ BRI 1 23K KR
/Dﬁ%ﬁ X ] T3SS & N 43 ¥ i i T3SS & 48 7y

FOMFIVE I T, i AR R ek x5 1

ﬁﬁzﬁjffﬁ%ﬁﬁlﬁﬁl PR R IIF 9 2 SR — 3

AEHE B s . HreQ 2 il i 8 B A BA 4
BRESY . FETR Ay S Y AN T v HreQ 1935
SrRIEAY) 5 T3SS (1 C IS5 TE sl &, T #E
IKFE S BEM P AR A TE A HreQ 7EJE B T3SS
ES SR (VAR e WS ) R 0 VA W N A AR T
2, HreQ 45 Hpal.,HreN, HrpB5 il HrpB2 [8] fF 78
FHEAEI X I R TE HABAT W I A B v A B, |
F HreQ 7] 5 Hpal \HrpB2.HrpB5 #1 HreN HAE,
A5 HAth Hrp 258 HAE 1M Hpal F1 HrpB2 2 F 8
WESE S T3SS RN 43 FH s FATHEM . HreQ 7£TE 1K
T3SS RGN % HrpBS HE H M2 5% % HreN
et HE &, Hpal 1 HrpB2 % Z5 15 HreQ ) H
EA BB T3SS ARG ik A 2F B4, BEARX

Ay 5 2k — %H’Jﬂﬁ%ﬁ TIE S {H X G S8 X Tk
Aoy M R 9 T AN B R O K R A% BT Y

T3SS ﬁéﬁi%ﬂﬁ?ﬂﬂﬂ%ﬂ VA K 55 K A 1) EL A AL B 4 1
TRHEALR.

P d

(1] SRR, VRNl B, 4. op T O K e 2% B o/ i 2



18

(2]

(3]

[4]

(5]

(6]

(7]

[8]

(9]

[10]

[11]

RESE. HEDRAERE . 2004, 18(1) : 83-85.

Nino-Liu D O, Ronald P C, Bogdanove A J. Xanthomonas
oryzae pathovars: Model pathogens of a model crop. Mol
Plant Pathol, 2006, 7. 303-324.

secretion of Xan-

Buttner D, Bonas U. Regulation and

thomonas virulence factors. Fems Microbiol Rev, 2010, 34.
107-133.
Zou L F, Wang X P, Xiang Y. et al. Elucidation of the hrp
clusters of Xanthomonas oryzae pv. oryzicola that control the
hypersensitive response in nonhost tobacco and pathogenicity
in susceptible host rice. Appl Environ Microbiol , 2006, 72
6212-6224.

Alegria M C, Docena C, Khater L., et al. New protein-protein
interactions identified for the regulatory and structural compo-
nents and substrates of the type [l secretion system of the
phytopathogen Xanthomonas axonopodis pathovar citri. [
Bacteriol , 2004, 186 6186-6197.

Rossier O, van den Ackerveken G, Bonas U. HrpB2 and
HrpF from Xanthomonas are type [ll-secreted proteins and es-
sential for pathogenicity and recognition by the host plant. Mol
Microbiol, 2000, 38 828-838.

Pozidis C, Chalkiadaki A, Gomez-Serrano A, et al. Type [l
protein translocase-HrcN is a peripheral membrane ATPase
that is activated by oligomerization. J Biol Chem , 2003, 278
25816-25824.

Muller S A, Pozidis C, Stone R, et al. Double hexameric ring
assembly of the type [l protein translocase ATPase HrcN.
Mol Microbiol , 2006, 61. 119-125.

Fadouloglou V E, Tampakaki A P, Glykos N M, et al. Struc-
ture of HrcQB-C, a conserved component of the bacterial type
I secretion systems. Proc Natl Acad Sci USA, 2004, 101
(1): 70-75.

Morita-Ishihara T, Ogawa M, Sagara H, et al. Shigella Spa33
type [l secretion
machinery. J Biol Chem, 2006, 281(1): 599-607.

A, ZEER, XNZH, F. KRERBERAE hrp LB HER

is an essential C-ring component of

o [E K &R (Chin ] Rice Sci)

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

25 %5 1 (2011 4E 1 D

FIRRGIESL. BAEYFEH . 2007, 47(3): 396-401.
Hopkins C M, White F F, Choi S H, et al. Identification of a
family of avirulence genes from Xanthomonas oryzae pv.
oryzae. Mol Plant Microbe Interact, 1992, 5: 451-459.

De Feyter R, Kado C I, Gabriel D W. Small, stable shuttle
vectors for use in Xanthomonas. Gene, 1990, 88: 65-72.

Oku T, Tanaka K, Iwamoto M, et al. Structural conservation
of the hrp gene cluster in Xanthomons oryzae pv. oryzae. |
Gen Plant Pathol, 2004, 70 159-167.

Tsuge S, Furutani A, Fukunaka R, et al. Expression of Xan-
thomonas oryzae pv. oryzae hrp genes in XOM2, a novel syn-
thetic medium. J Gen Plant Pathol, 2002, 68. 363-371.
Wang L. H, He Y W, Gao Y F, et al. A bacterial cell-cell
communication signal with cross-kingdom structural ana-
logues. Mol Microbiol , 2004, 51;: 903-912.

He Y W, Xu M, Lin K, et al. Genome scale analysis of dif-
fusible signal factor regulon in Xanthomonas campestris pv.

Identification of novel cell-cell communication-

Mol Microbiol, 2006, 59:

campestris:
dependent genes and functions.
610-622.

Dow J M, Crossman L, Findlay K, et al. Biofilm dispersal in
Xanthomonas campestris is controlled by cell-cell signaling and
is required for full virulence to plants. Proc Natl Acad Sci
USA, 2003, 100: 10995-11000.

Fouhy Y, Lucey J F, Ryan R P, et al. Cell-cell signaling, cy-
clic di-GMP turnover and regulation of virulence in Xan-
thomonas campestris. Res Microbiol, 2006, 157 899-904.
Dow M, McCarthy Y, O'Donovan K, et al. Cyclic di-GMP as
a second messenger linking cell-cell signalling to biofilm forma-
tion in the plant pathogen Xanthomonas campestris. FEBS J ,
2009, 276. 73-73.

Furutani A, Tsuge S, Oku T, et al. Hpal secretion via type
Il secretion system in Xanthomonas oryzae pv. oryzae. ] Gen

Plant Pathol , 2003, 69. 271-275.



