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Tab.1 Strains and plasmids used in the study
Strain and plasmid Relevant characteristics Source
Xee8004 Wide-type Rif" This lab
Escherichia coli DH5« FrecA hsdR17(r,” m,") ®ydLacZ DMI5 TransGen
GV3101 Agrobacterium  Rif This lab
hpaA
Ahpad hpaA knockout mutant of Xcc8004 Rifr This study
hrcV
Ahrc¥ hrcV knockout mutant of Xcc8004 Rifr This lab
pK18Mob SecB Suicide plasmid in X. campestris pv. campestris Kmr This lab
pHMI Broad-hostrange cos parA IncW derivative of pRI40 Sp” This lab
PRK2013 ColEl replicon TraRK*Mob" Km" This lab
PER8Flag Genetically modified vector under the control of the oestrogen-inducible promoter Sp" This lab
pUCIY ColE1 replicon Ap" This lab
. hpaA  gfp  pUC19
hpaA¢fp-pUC19 pUC19 containing hpaA and gfp gene This study
) gfp  pUCI19
&fppUCIY UC19 containin, ene This stud
p g g/p & y
hpaA  pHMI1
hpaA-pHMI pHM1 containing hpaA gene This study
hpaA-pHM1 hpaA
Ahpad + hpaA-pHMI AhpaA mutant containing hpaA Rif" Sp" This study
pHM1 hpaA
Ahpad + pHMI AhpaA mutant containing pHM1 Rif" Sp’ This study
., hpaA GV3101
hpadpERS GV3101 containing hpad  Rif" Sp' This study
TRS pER8¥lag GV3101
p GV3101 containing pER8¥1lag Rif* Sp" This study
A-8004 hpaA-pHM1 Xec8004
Xcc8004 containing hpaA-pHM1  Rif" Sp* This study
hpaA-pHM1  hrcV
AAhreV AhrcV containing hpaA-pHM1 Rif" Sp' This study
‘Rif = Km = Ap= Sp =

Note: Rif = Rifampicin; Km = Kanamycin; Ap = Ampicillin; Sp = Spectionmycin
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Tab. 2 Primer sequence used in the study
Primer Sequence of primers Function
hpaAFF CGGAATTCGTTGTTCGTGGCGCTGGATGG fipad
hpaA gene knockout
hpaA~FR CGGGATCCGCACAGCGCCTGGCGAAATG hpal
hpaA gene knockout
hpaA-RF CGGGATCCGTAAACGCCTCGATCGCGC fipal
hpaA gene knockout
hpaA-RR CCCAAGCTTTAGCATGGCGCCCACCACTG hpad
hpaA gene knockout
hpaA
hpaA-¥ CCGCTCGAGATGATCCGGCGCATTTCG Amplification of hpaA
hpaA-R CCGTTCGAATGCGCGAATCTCCTGAGC hpfl{l .
Amplification of hpaA
GFP¥ CCGTTCGAAATGGTGAGCAAGGGCGAGG gﬁJ - _—
Amplification of gfp
GFPR GGACTAGTTTATCTAGATCCGGTGGATCC gfp L
Amplification of gfp
1.2 2 Xcc8004 HpaA Xec8004 DNA HpaA
400 bp EcoR 1 BamH 1 Hind 1l 2
pK18mobSacB pK18-HpaA . Xce8004 pRK2013 pK18-4paA 3
0.01 mol * L™ MgCl, 2 3 150 wL NYG ( 5g-L™"
3geL™! 20g- L") NYG 0.45 um 28 °C
24 h, NYG 28 C 3 de
15% NYG PCR AHpaA .
1.3 AHpaA HpaA Kpnl. EcoRI
pHMI1 HpaA-pHM1 HpaA-pHM1 pHMI1 DH5«
AHpaA AHpaA + HpaA-pHMI, pHMI1 AHpaA
AHpaA + pHMI1.
1.4 N N N 0Dy, =0.1 5~6
N N 1~2cm 1d6~8d :
0D, =0.01 4 1d5~84d
o GV3101 0D, =0.4 1d
1~2 (0.05 mol » L™" Tris.KOH pH
7.5 0.15 mol * L™" KCI 0.001 mol « .™" EDTA 0.2% Triton-X100 0.001 mol * ™" DTT cocktail
) Smn 4°C 13000 r* min~"' 10 min Western Blot o 3~4d
1.5 HpaA-pHM1 XecB8004 AhrcV o NYG
4000 r * min~" 10 min 0.01 mol * L' MgCl, 2 SMMXC
(K,HPO, 10.5 ¢+ L' KH,PO,4.5g+L"" 10 mmol * L™ 10 mmol * L™ 4 mmol « L™'
Casamino Acid 0.03% BSA 100 pg * mL™") TCA ;
TBS(Tris 2.42 g« L™" NaCl8 g+ L~ pH 8.0) ( 85% 45
6 s) Western Blot o
1.6 1 . 10 mL 1(0.05 mol » L™

Glucose 0.025 mol * L ™" Tris-HCl 0.01 mol * L™' EDTA pH 8.0) 20mL (0.2 mol » L
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NaOH 1% SDS) 10 mL I(3 mol * .™" CH,COONa 2 mol * L.”' CH,COOH)
5 min. 23 °C 13 000 r * min "' 15 min 50 mL 30 min
70% 8 mL 11.8 g CsCl 320 pL EB
23 °C 65000 r * min "' 20 ho EB o
1.5 mL 4 70% 30 min. 70% 3
1.7 45 r * min '
o 650 r * min "' 3 min W5 20 mL. W5
30 min. Mg PEG 7
min. 4 W5 W5 4 1 mL W5
o 14 .
1.8 HpaA gfp Xhol BstBI Spel 355pUC19
HpaA-gfppUC19;  gfp BstBI. Spel 355pUC19 o
2 DAPI
2 min LEICA-TCS-SP8 ( 488 nm

500 ~530 nm) .

2
2.1 HpaA,.s00 HpaA .5 10 57% Xcc8004 HpaA
X8540 HpaA NCBI Protein BLAST( http: //blast. ncbi. nlm. nih.
gov/Blast. cgi ) 57% (1 Xcc8004 HpaA X8540
HpaA HpaA y, 5004 HpaA 55,0 I
o HpaAy ss10 54 ~ 60 244 ~ 247 2 2
HpaA y, 5004 HpaAy g0 50 ~56 240 ~244 HpaA y 5004
Range 1: 1 to 274 Graphics ¥ Next Match A Previous Match
Score Expect Method Identities Positives Gaps

229 bits(584) 4e-78 Compositional matrix adjust. 155/274(57%) 185/274(67%) 4/274(1%)

Ql- Query 1 HIRRISPGAVPPSLP----SAPGASHHBMGVQPPAMAHBAPRLRPAPPRKRRRG 56
MIRRISPG + PS+ + P D A APRLRPAPPR+RRRG
Q2- Sbjct 1 HIRRISPGTLRPSVSIEHGGSHHHGMGTSAGSPTDWRLRPAPPRRRRRG 60

Query 57 MRSLDGMDDELDATELEEAEAARVSALRGRVSIAVAQPQGQGQRQDDQHGEGGNAQAGDP 116
+RSLDG +DE DA E EE EA R ALRGRVS+A+ Q + OQ DQHG + DP
Sbjct 61 IRSLDGQEDEFDANEQEEIEAKRECALRGRVSVAITPAQSREHGQGDQHGGDRSTHTDDP 120

Query 117 QAGIWPIAAPSQVDDSARASVQEVLDRYAATPAADQTIRRRALAVALVELRAIGVAHPAA 176
QAG W AAP+Q+ DS R + ++DRY AD +R ALA ALVELRA+GV+HPA
Sbjct 121 OQAGPWHSAAPAQLSDSIRTCIDAIVDRYVIRRDADPVAKRHALAAALVELRAVGVSHPAV 180

Query 177 AQLTTMVWRLMREHLHSGSAGAAAETLQALRKRLLDLVPAQPDTSPALRSFHLLLPLMLL 236
A LT +WRLMREHL + AAE L ALR RLL+L+P++ + PALR+FHLLLPL+LL
Sbjct 181 APLTATIWRLMREHLRAYDKATAAENLLALRTRLLELMPSELEPVPALRNFHLLLPLILL 240

Query 237 NAEKPRKRLDRARAITRLNTLLIEHHDGTAQEIR 270
NAEKPR+R+DR AITRLNTLLIE AQE+R
Sbjct 241 NAEKPRRRVDRTHAITRLNTLLIEQPQOAAQEVR 274

1 HpaAy.sos  HpaA s
Q1: HpaA o0 » Q2: HpaA 5549
Fig.1 The amino acid sequence alignment of HpaA y, 4, and HpaA ¢

Q1: HpaAy, 4, amino acid sequence; Q2: HpaAy ¢, amino acid sequence
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2.2 HpaA Xcc8004 I 1L N
A-8004 A-AhrcV A-8004 A-AhrcV
HpaA g0 HpaA g5 5T%
) Anti-GroFL IB s
ot — ... KO
Xec8004 I AhreV B 2 HpaA e i 1104030 7 55500
hreV XeeB004 ¥ 54 Hpad pHMI1 15 Xcc8004 F1¥54 Hpad pHM1
P HpaA-pHM1  Xcc8004 AhrcV H AhreV Y BI7ETE S35 9255 SMMXC 35 57 . 1 1R 5 240
Xcc8004 AhreV Yy (TE) F1 3% 57 L3 W (SN) 8 i3 Anti-His £ )1l HpaA %
B , Anti-GroEL ¥l GroEL % &
Western Blot ° Fig. 2 HpaAXcc8004 can be secreted
HpaA-pHM1 Xec8004 | HpaA-pHM1 hrcV via the Xcc8004 type Il secretion system
HpaA( 2) Xce8004 carrying HpaA pHM1 and AhrcV carrying
P : HpaA -pHMI1 were incubated in secretion medium SMMXC.
HpaA-pHMI1 Xec8004 Total cell extracts (TE) and culture supernatants (SN) were
HpaA HpaA-pHM1 hreV respectively analyzed by immunoblotting assay. Anti -His
HoaA antibody was used to detect HpaA, and Anti-GroEL antibody
DA recso0s was used to detect GroEL
Xee8004 hrcV HpaA 004
HpaA ;5004 I °
2.3 Xcc8004 HpaA HpaA HpaA
AHpaA. PCR HpaA 356 bp 466 bp EcoR I BamH 1
Hind I pK18mobsacB pK18-HpaA pK18-HpaA
Xec8004 2 HpaA+F
HpaA-RR PCR Lane3 4 822 bp ( 3) Lane3 4
AHpaA .
2.4 HpaA, g4 Xcc8004 N N N
HpaA g5 10
v HpaA ;. 5004
Xce8004
Xec8004 N N o Xec8004
AHpaA ( 1 750 bp
\ 21 ). ( ) (
) o 7d Xcc8004 ) BN
21 . V
4 AHpaA 7d
C 4 - B3 HpaA B 5T by PCR RiE
( 4) Lane 1:H,0;Lane 2:Xcc8004;Lane3: Hpad #t % %
HpaA, .  Xcc8004 . ZE ¥R s Laned: Hpad SRR RAZ IR
- Fig. 3 PCR verification of HpeA deletion mutants
° Lane 1:H,O; Lane 2: Xcc8004; Lane3: Hpad mutant
HpaA y..5004 strains; Lane4: Hpad mutant strains; Lane M: DL 2
Col0 Xcc8004 AHpad 099 DNA Marker
HpaA-pHM1 AHpaA pHMI1 AHpaA o 6 d
Xce8004 ( 5) HpaA Xec8004
( 5, HpaA Xec8004
( 9 HpaA Xec8004 o
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2.5 HpaA,, 5004 Xcc8004

( Resistance gene R)

R
( hypersensitive response HR) ' .
Xcc8004 7
HpaA ;s Xcc8004
HR Xcc8004 AHpaA- HpaA-
pHM1  AHpaA pHM1  AHpeA
o 4d Xcc8004
HR ( 6)
HpaA y,.5004 Xec8004
( 6) HpaA HR( 6)
HpaA ;5004 Xcc8004 HR
Xcc8004 HR
HpaA ;. 5004
HpaA-pER8 - pERS8 GV3101.
24 h
HpaA
HR( 6) Xee8004 HR
HpaA 5004 HR HpaA
Xcc8004 o
2.6 HpaAy oo Xev
HpaA . ¢50 HpaA 5004 2
HpaA
HpaA 5004 o
HpaA-gfppUC19.
g/p-pUC19 o
HpaA . 004
GFP ( 7)o
2.7 HpaA,, g0, DC3000
Xcc8004
HpaA 5004 HpaA . 5004

. 50 pmol + L™
24 h DC3000 Xcc8004
Col-0  HpaA gy,
6d .

( 38

DC3000 XecB8004 o

HpaA y, 5004

1
jingfengl
21
zhonggan21
- changfengcaixin
Xcc8004 AHpaA
4 HpaAx.so Xce8004
Xcc8004  AHpaA
1 (jingfengl) . 21 (zhonggan2l)
(changfengcaixin) (banye-
hongpao) , 7d °
Xcc8004 , AHpaA

Fig. 4 HpaA is required for the full virulence of
Xcc8004 in Cabbage and Radish
WT Xcc8004 and AHpaA mutant were inoculated
onto Cabbage jingfengl, zhonggan21, changfengcaixin
and Radish banyehongpao. Disease symptoms were

photographed 7 days after inoculation

«

Xcec8004 AHpaA  AHpaA  AHpaA  H)0
+AHpaA pHM1+pHM1

5 HpaAy.sm Xcec8004
Xcc8004,AHpad , HpaA - pHM1
AHpaA , pHM1  AHpaA

’ kil

6d
Fig. 5 HpaA is required for the full virulence
of Xcc8004 in Arabidopsis.

Four strains, Xcc8004, AHpaA, AHpaA
containing HpaA -pHM1 and AHpaA containing
pHM, and water were injected respectively into
Arabidopsis leaves. Water was used as control.
Disease symptoms were photographed 6 days

after inoculation
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WA H P H pERS & B K AR AT B i 5 TR B0
AT TEMN 4dE. HpaAyom B FEIE A ani
FLAG #&1f ,

Fig. 6 hpaA is required for
the Xcc8004-triggered HR in tobacco leafs

Six strains and water were injected respectively into
tobacco leafs. Leafs inoculated by GV3101 containing
hpaA -pER8 or pERS were treated by oestrogen. Pho-
tographs were taken on 4 days post inoculation. The ex-
pression of HpaAy g was detected by anti FLAG im-

munoblot.
3
HpaA
o Xcc8004  HpaA
HpaA .00 Xcc8004 1M
HpaA y. 004
o HpaA
Xcee8004 N N
HR
Xew HpaA
HpaA o
10
HpaA  HpaB I
Pilus N
HrpE HrpF XopA AvrBs3
XopC  Xopl HpaA
HpaA y..s004 HpaAy. 004 HR.
HpaA y..s004
HpaAy. 500 DC3000
Xcc8004 HpaA v,
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HpaA -gfp-pUC19

DAPI

Bright field

Merged
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LI h FARAEEHENEF MR, KON ARER
JEE R, W ARy DAPT e, tMﬁJR%J 5 um

Fig. 7 Subcellular localization studies with HpaAyx. g4

The vectors gfp -pUC19 and HpaA -gfp pUCL9 under con-
trol of the 35S promoter, respectively, were transformed into
Arabidopsis protoplasts. The protoplasts were observed and
photographed by using the confocal microscopy 18 hours after
transformation. GFP fluorescence is shown in green and DAPI

staining of nuclei in blue. The size bar is 5 um

CK Linel

Xcc8004

DC3000

Anti-FLAG 1B -30 kDa

Rubisco

ponceau

8 HpaAr.on 7 LA 55 DC3000 1 Xcc8004
TR I B R B AR A
CK: BhEE I EF A T Col-0, Linel : HpaA %% B AEFK
DC3000,Xcc8004 235 T Col-0 Fl HpaA ek F B Mk
AL E RIS THERM 6 X, HpaAy.amu FHFRIEH anti-
FLAG #& 0
Fig. 8 HpaAXcc8004 can reduce the chlorosis symptoms
in Arabidopsis caused by DC3000 and Xcc8004
CK: Col -0, Linel: HpaA transgenic plant. DC3000 and
Xce8004 were injected respectively into Arabidopsis thaliana
Col-0 and HpaA transgenic plant. Photographs were taken 6
days after inoculation. The expression of HpaAy,.sos was de-

termined by anti-FLAG immunoblot
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Functions of Gene HpaA in Xanthomonas campestris pv. campestris

ZOU Jun RONG Wei LI Huiping LIN Daozhe HE Chaozu

( Hainan Key Laboratory of Sustainable Utilization of Tropical Bioresources Hainan University Haikou Hainan 570228 China)

Abstract: Xanthomonas campestris pv. campestris ( Xcc) a Gram-negative plant pathogenic bacterium can cause
black rot diseases on crucifer plants including cabbage radish and Arabidopsis. Xcc secrets effector proteins into
plants via the type Il secretion system to help its infection and reproduction. HpaA protein widely exists in Xan—
thomonas and it has been reported that HpaAy, s, is a type Il effector and participates in other effector secretion
in X. campestris pv. vesicatoria( Xcv) . Xcc contains the HpaA protein homologue. However it is not clear whether
the HpaAXcc protein can be secreted in type Il secretion system and the mechanism of hpaAXcc remains un—
clear. In this study secretion assay indicated the HpaA, g, protein secretion was type Il secretion system de—
pendent. Subcellular localization assay indicated that HpaA 4, was located in the plant cell nucleus which was
consistent with HpaA s, protein location in plants. In addition the deletion mutant of HpaA gene was achieved
by means of homologous recombination and the deletion mutant caused reduced symptoms in cabbage radish and
Arabidopsis thanliana which indicated that HpaA y, g was required for the Xcc8004 complete toxicity in the host
plants. Furthermore in the HpaA transgenic Arabidopsis HpaA g4 can perform its function to reduce the chloro—
sis symptoms caused by Pseudomonas DC3000 and Xcc8004.

Key words: Xcc8004; type Il secretion system; gene HpaA



