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Functional characterization of the general secretion pathway
XpsD gene in Xanthomonas citri subsp. Citri
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Abstract: [Objective] The purpose of this work was to identify the insertion site of mutant Mxac56-20
with reduced extracellular enzyme activities, and to characterize the function of the mutated gene.
[Methods] The TnS flanking sequence was identified by using plasmid rescue method. After the
complementary recombinant was constructed, the restorations of extracellular enzyme and
pathogenicity on host plant were tested. [Results] Tn5 transposon was inserted in the general secretion
pathway xpsD gene in Xanthomonas citri subsp. citri. The phenotypic alterations were restored when
constitutively expressing XpsD gene in mutant Mxac56-20. [Conclusion] The mutagenesis of xpsD
gene in X. Citri subsp. citri led to the reductions in extracellular enzyme activities and pathogenicity on
host plant. These collected data demonstrated that the general secretion pathway is required for full
virulence on host plant by X. citri subsp. Citri.
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R 15t 97 5 2 F o i o st A 5 | ) AT
e 20 TR o o D T A T Y N R SR T
WU A BAR . RIET RN B HARFEETE
Py C BARU. PEHE X R T A
WA, F2AHE AR AHE AN Xanthomonas
citri subsp. citri, LARTTESNZE FIH Sk MBS F
Jf& Xanthomonas axonopodis pv. citri, &K 11
SR S IER O I TR AR, (A R 2 B ARG A
KAt

o i 240 T 1) B b /K e T ol T 28
Z % (Type 11 secretion system, T2SS)¥ 2 il 4k
f, B—MEREENSUREN 7Y, R ieEEF
BRI EFN AR E, UKD RIKRTER
RSP, 1€ Dickeya dadantii f24efEF it i,
3 WA P SR JC TG B 408 % AP A A M e, (LA SR e il
AR pel AT R ANBERE R 3 b5 Lk & s
TEF YR RS A E X oryzae pv. oryzae. X
oryzae pv. oryzicola Fl X. campestris pv.
campestris f1, T2SS [ 5854 & 7 W M A1 7K f it
Jr b Y, T2SS HIfe i 2K 52 s Ji R 78 7 3
ISR 0,

AR A 8 B AR Xac 29-1 hw) &k
## TnS BEHLIHARARER TES, RASHT

RAFR Mxac56-20, ‘MG B0 85, F
A A %) B 7 A A O A S R A . AR SR
W FORL YR FOT A T Mxac56-20 58 AR AR Y
TnS ffi AN S SE 1T B R SR xpsD LA A7
xpsD PR Y HARM A, 58 R SR AR (R R AU Y B
#b, E] T2SS 7EMMRE B2 B Xanthomonas citri
subsp. citri Zoip 1 AER
1 RS
1.1 k. BehifntE s &t

WFFE BT P B R AR RSORE L 1, MR 5 B X
citri subsp. citri 7€ NB Azt NA [EAEFRIEH
28 °C 155, RIGHT e LB 58 (e/L, N
M 10, EALEh S, BERRRy S)Hp 37 °C B5gR. PR
R TR AN PR A R A MR B 4351k 50 mg/L
10 mg/L.
1.2 AR

R TnS 46 ARAIK Mxac56-20 A FER 21
DNA, H2 pg DNA £ Pst I 524G - %4
NG, PR YA KGR S17-1hpir B2 25240
W, BATTRIBEEUE LB i, WFendnd. 15
EEK R, $RBUTR. DNA, i Tn5 $R3E514
R6KAN-2 RP-1 (5-CTACCCTGTGGAACACCTAC
TCT-3"#EATM)T, K45 TnS AT,

T 1 KR P A BB BURL

Table 1 Strains and plasmids used in this study

RE AL AR U
Strains or plasmids Relevant characteristics Source

Strains

Escherichia coli DH5a @901acZAm15, recAl Invitrogen

Xanthomonas citri subsp. citri

Xac 29-1 Wild-type This lab

Mxac56-20 A xpsD mutant with Tn5 insertion derived from Xac 29-1 This lab

CMxac56-20 Mxac56-20 carrying pBB-xpsD This work
Plasmids

pBBRIMCS-5 Gm', mob, broad host range cloning vector [9]

pBB-xpsD pBBRIMCS-5 expressing XpsD gene under wxacO promoter This work
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1.3 IR E4MIE

Mg X. citri subsp. citri FFEHEAFE, &It
K 5 YE 51 ¥ (5-TTAAGCTTATGAGTGAACGCA
TGACGCC-3'; 5-TTTCTAGATTATTTTCCATCC
CGACTTAT-3"), MIEFEA P4 xpsD 4K G
W5, FakERIZA pBBRIMCS-5 A Hind IIT Al
Xba 1 EVINL S . FH514 5-TTCTCGAGGGTTCTA
CATGGCCGATACG-3' fil 5'-CTCAAGCTTGCTGC
CTGATTCATCGATGC-3'4 Bt 5t 5 i wxacO
F£H 500 bp AEFXIY, sEkEF] pBBRIMCS-5
) Xho I F Hind II E§YIH L, i xpsD A LATE
wxacO FEREBIFIHES T, 7E X citri subsp. citri
HL R TR . KRB EELLTOR, pBB-xpsD HL% ik
AR Mxac56-20, 345 HAME K CMxac56-20.
1.4 PESNKEERESEME A

BB b i AL i 2R A AR AE T Xac 29-1 42A
SHEGEPAEEKN NB T 28 °C Bk
24-48 h, B HEK ) ODgoo VL 1.0, 435 HL
1.5 pL S35 1%BAR4EU5R NA Pk b, 28 °C
Kt 2 d, WEREMKEBIIEN; 58 1%0E0
) NA VA | 28 °C Ki3F 2 d, BRGSO SR TE N
IKARPBIITE I TESA 0.5% H BLLT 4 ANER -1
H(NaNO; 1.0 g/L, K,HPO, 1.0 g/L, KCI 1.0 g/L,
MgSO, 0.5 g/L, Yeast extract 0.5 g/, Glucose
1.0 g/L) |, 28 °C 5352 d, FIRIRLIYe(n, Wik
2T 2 KK fif Bl T B o 0 2 7K A P8 LA P B V5 L
FRIIN, DA 5 22 1] f 25 1 4 2 TR A G IS 40 118 7K
fiff, SRS KRR BTG RN
1.5 BRI

HH BB X, citri subsp. citri 75 28 °C ¥555 %
SPBUE K, BRI ODgoo TEEAL 0.3, FIJCET
S S g v S A E A I L WL D R g | R Y
IKTPAE ARG BE 14 & A= A

2 ZBRERH

2.1 ZRTK Mxac56-20 FENALS BFE
7E TnS FEALIE A RS RRE TAES, 3k
BT 40 MNERE EBOR FEE a8 R I RASAK,
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PN, TnS #HALE xpsD W4t IEE XAC3534
MORIGEM FIFRINEE 74 MR E, s
15 xpsD FEEAHR (B 1), MAEBENE X citri
subsp. citri [ xpsD JERA 2 292 MEITIR, Zwhs
A 764 MEKERI XpsD . fERHZ |, xpsD
5 xpsN B#®AE, i F 1 B0 RS AL b,
5HAMh 9 4~ xps FEH—EIE M, xps 1T RIS R S
5 X. campestris & X. oryzae —#f, X. citri subsp.
citri WA —EH 12 4 xcs B xes 11 143
WARG(E 1) ABEIE A LMK A B 55 58 A8 (A
A4 ADLSTE Xps-1T U R BEH) xpsD FE[A L
2.2 EAMERAEE

AT RE P wxacO FE[H 5 g 2 Hifn 44
JREAIE A o R TARISL A ZRIE xpsD mYE4H
JCkL, K5 wxacO FEK [ 500 bp Jib 8 X Jalba 2 3]
# A& pBBIMCS-5 [ Xho I Al Hind I {71, FH
FIET I PYHE 2 292 bp /Y xpsD 2K JFS, HhEE
F)ZR4K pBBIMCS-5 (9 Hind 11 A1 Xba I {75, 3k
S HH G AMYE pBB-xpsD, ffifF xpsD 7£ wxacO
Ja g I HESRIB (A 2). A BR HL A AR
& Mxac56-20 47D RE B AN R E 4T .

Mxac56-20

—

Y
ps D JNIKMIKL KK KIKIKHKG]
xes (NKUMKL KKKIKIHIG] CEICE ICD KT

1 3K Mxac56-20 ) Tn5 FHA (LS
Figure 1 The TnS insertion site of mutant M56-20

Kpn 1
Apa 1
Xho |
Hind 1
Xba 1
BstX 1
Sac 1

pBBRlMCS-S

2 xpsD IR E AP IAIGRE
Figure 2 The construction
complementation analysis

strategy for XxpsD



LA MG 5970 T 1124 23 A3 T ) xpsD AP Y 45 72 S T BE 73 #r

1251

2.3 xpsD A RRAII K fEEGE 4 BER

W 57 B4 EE 4 TR pBB-xpsD A9 5€ AR 1A
Mxac56-20, TESAS A TR . NG A W RN H ot
21 A 22 B R TR e 0 TR R B A K A T 1
RARR B B ATE R B KRB 0.2 cm, 5
AR, TR 50%. MIAMEF4E R B K
BN 0.75 cm, FRET 30%. LHREE AN BEARK
BT RARRAY BLANK IS e, b E R A S
PR B T B AR 75%, 25 RN £F 4k K Y
T I A TR (B 3)
2.4 xpsD R RIE S L BUR 1R 55

xpsD AR RAE A ARG b B350 71 5 W A= A B
W 2E0 o R SHER A LE M R = B
KBk Z [B] 4 ODgop=0.3 MR . HF A= — R 7E
3 d AT AR BDKEUEIR, AR Mxac56-20
HBUKBHER B RIER 2 d; $#:FE 7 d, BEE
FEAN DX IR A B A 1 A B, SR A IX S B
N 0] PN NN AL N R P N L S g ERVE =
Fehh 14 d J5, BPAERYAYEERD DI R AT R T IR
B, TSR R X IR A R G . HE A
pBB-xpsD Y B AN PR A T 58 A8 (AR E M A b iR 3
5 97, 51 A I8 9 R PR S ) AR 2 o A B Y A R
—H(E 4).

3 i
MBS R 11 B3 R G — AR

Xac 29-1 Mxac56-20 CMxac56-20

F. Baptista S5 DAY 4E R B AT bR, BH
13BN AER TN IfS I, U] T —4> xpsD %
AR, MEAMET YR Z K IS YRR, (B R RE G 2
TAh R R X g% A A Ot AT oh i R 3 e T
Xanthomonas citri subsp. citri f%) xpsD AR ATER
1% 1 30% F1i 5 AL S Xanthomonas campestris
% Xanthomonas oryzae HiiE—2k!"> " AR
(RS MK AR 55 28 A 1R Mxac56-20, 28 ik PERL
SEERUE R 11 B R SGE xpsD 4 A 8722
A, xpsD HIfigSE 11 BIGufs B R v (19—~ TnS A
ﬁl\‘){_:—([M—lS]o

5 HAD B BB AN AL, X, citri subsp. citri [
a2 B 0 ASWARSE Xps Al Xes!' 7
Xanthomonas campestris FIF5E 45 R B/~ xes RAE
XoT B AR 7K i il 175 1 R A T ) B0 0 BB S
{HEAAS xes FEH A L H 4D xps Z 40 FRxf iy (1 ] Y 5k
PR AN, R, ECAHGER Xps RERAE
P 588 TR PR 1 I AP 7K A Bl 1 TL T 4 2 0
SRS Ak . TERBER# Acidovorax citrulli
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Figure 3 The extracellular enzyme activities of XpsD mutant
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Figure 4 The pathogenicity of XpsD mutant on citrus
plants
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