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Tab. 1 Strains and plasmids used in this study
£ FKName FH A Correlation characteristic S Source
Strains
Xce 8004 A wild-type Xcc strain, a laboratory strain with spontaneous rifampicin-resistance Lab collections
DH5a Genetically engineered recipient bacteria. Biomed
BL21(DE3) Bacteria for protein expression Biomed
ApipA The pipA deletion mutant of WT' This study
ApipB The pipB deletion mutant of WT This study
ApipA/ApipB The pipA and pipB deletion mutant of WT This study
pipA/ApipA The pip4 complementation strain of Apip4 This study
pipB/ApipB The pipB complementation strain of ApipB This study
pipA/ApipB The pipA complementation strain of ApipB This study
pipB/ApipA The pipB complementation strain of Apip4 This study
pipA/ApipAlApipB The pipA complementation strain of ApipA/ApipB This study
pipB/ApipA/ApipB The pipB complementation strain of ApipA/ApipB This study
Plasmids
pK18mobSacB Xanthomonas suicide vector, Kan® [10]
pHMI Broad host vector, Sp® [11]
pQESOL Protein expression vector, Amp"® Qiagen
pK18-pip4 pK18mobSacB based plasmid for pipA4 deletion This study
pK18-pipB pK18mobSacB based plasmid for pipB deletion This study
pHMI-pipA pHMI based plasmid for pipA expression This study
pHMI-pipB pHMI based plasmid for pipB expression This study
pQE8OL-pipA PQEBOL based plasmid for pipA4 expression in E. coli This study
pQES8OL-pipB PQEBOL based plasmid for pipB expression in E. coli This study

BamHV/Hind Il f§ Y J5 %+ 3 4H [7] B U1 7 pQESOL
R L, WY 5 IF % J5 3K 19 His-PipA. His-
PipB Fl & 3¢ ik # 4K pQESOL-pip4. pQESOL-pipB,
IR J5 K G 238 2R B {6 BL21(DE3) 4 Jfg ™,
Pk 37 C R FR)E, B 1 100 ACBR e 5% %
) 500 mL i &f 1% 18 A % (Luria Bertani, LB)W#
PR F2 IR SE 15 37 25 ODggp 15 0.6 ~ 0.8 J5, il
A 250 pL 1 mol-L™" 5 15 J& -p-D-fii AR ZL 0 1
(Isopropyl-beta-D-thiogalactopyranoside, IPTG), Jf:
F 25 °C, 90 rmin! ZAFTIFEREIR S5~ 6h, &
OISR TR 5 257788 75 R R GERE 75 D 2R 1L 40% .,
75 s, [HBE 5 s, GAEFE 10 min), B3 AT
SDS-PAGE HLiK M4 8 H A R A1 oL . FIH]
His b5 25 8 1 2l 4k 23 1 38, ok ] His-tag 261k
4 2k (BeaverBeads®IDA-Nikel Kit)5 & #7114k
T E, Lt Kk B DKk (50 mmol- L) P 2445 H =

e K (500 mmol L) PEME M, feJa FHEH
W4 Ak (Millipore ) 445 Y I8 2 11 1A 7 Ve 48 JF B 4 8
50 mmol-L™" Tris-HC1(pH8.0) Z& i 1, 4% % SDS-
PAGE HLJK 45 3 pp i — B H i, BUH Al dr
[ 2 pL A TEETE 1 90 RS

1.4  PipA #0 PipB BIRKERTEMEM M DIXHF AR
¥ (p-nitroanilide, pNA)YE 24 iK1 Ill & PipA F1
PipB (1) JIK il 1% 14 . A MBP 25 4 7F b a5 X IE,
PLIG AR AR 28 R I3 Rl 43 e B T A
405 nm A EWEE . MVARZRWT: 1 mmol-L™
Tris-HCI (pHS8.0) . 1 mmol-L™ pNA. R& KR
A 96 FUHHR, ZEREHFY_E 37 °C Vi 45 min, £ 5 min
D3 1 RIWOEE,

1.5 BRARRTEFEIEROEE kR
ARAK . fd FH pipA 1 pipB deletion 514 LA Xcc 8004
KN AR 1 pipA F pipB FEN R i A B
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Tab.2 Primers used in this study
5|9 Primer J¥%1]Sequence(5'-3") M Usages
pipAddFF TCTGAAGCTTGCTGCTGGAGTTGTAGGAAG
pipAddFR TCTGGGATCCGATGCGGTACCAGGTGCGAT
pipA deletion
pipAddRF ACGTGGATCCAACTTCCTCGACGACCACAG
pipAddRR ACTCGAATTCAACGTAGTGCGCAGCACTAC
pipBddFF TCTGAAGCTTGAGCGGTTCGATCTGATCGC
pipBddFR TCTGGGATCCCATGCGTCGGTCCTGCGGGA
pipB deletion
pipBddRF ACGTGGATCCGACAGCTTCGCCTGAGAAGG
pipBddRR ACTCGAATTCATCGGCTGCTGCAGGCTTTG
pipAhmF ACCATGATTACGCCAAGCTTGATGCGCACGCTCTATCCCGA
ApipA complementation
pipAhmR GTAGAATTCTAGAGGGTACCAGACGGCACGATTGGCCAGCG
pipBhmF ACCATGATTACGCCAAGCTTGATGCGCACGCTCTATCCCGA
ApipB complementation
pipBhmR GTAGAATTCTAGAGGGTACCAGGCGAAGCTGTCGGTCGCAC
pipAqeF ACGTGGATCCATGCAGTGCACCGAGGGTTTC
PipA expression
pipAqeR ACGCAAGCTTAGACGGCACGATTGGCCAGCG
pipBqeF ACGTGGATCCATGCGCACGCTCTATCCCGAG
PipB expression
pipBgeR ACGCAAGCTTAGGCGAAGCTGTCGGTCGCAC

T T RIZFREYINL N

Note: The enzyme cutting sites are underlined.
Hind TI/BamH 1, BamH 1/EcoR 1 f§Y] I F i
Fr B, i T4 ZEHREE S Hind M/EcoR 1 B
) pK18mobSacB # A& , 3 A% i B £k 1k pK18-
pipA Fl pK18-pipB. it = EH A 0K B A ik
FeAb 2 Xee 8004 1, 285 WA [ 5 B 20 05 15 304
RAMAKTEVE ApipA . ApipB™,

LR H b: DL Xee 8004 F K 41 A4, 37 48
pipA. pipB 3EH F Bt, Hind M/EcoR 1 F§l )5 vikE
) AH [ B LD 09 7 15 E2UA pHM 1, 4845 B A2k
& pHM 1 -pipA. pHM | -pipB. =A%
HEAT MIANFISE S LR, SRAGAHSC R (WT. ApipA
ApipB. ApipA/ApipB. pipA/ApipA. pipB/ApipB.
pipA/ApipB. pipB/ApipA. pipA/ApipA/ApipB. pipB/
ApipA/ApipB)',

1.6 Xec MR A £ AR5 /L T NRSP
(NYG: 1% Tryptone; 1% Glycerol; 0.5% Yeast-
extract+Rif+Sp) -t 35 77 H v 28 °C, fifi F K I
ddH,O ¥ [ R 18 ¥ F 2k, K ODgoo 1HIH = 1.0, B
kiR 45 d A E K80 KRBREFRY 5 F—
SO, R E AR =R 10 kA, L0 d T
. B S d #EAT— OO, R B A W 2

A A T I o A 1

1.7 Xec HERKRBME ¥ AR5 I 58 bR 7F
NRSP [E {45553 LGk, JEEM T NYG WiRk:
FEHE, 28 °C, 160 rmin! Y37 55 F £ ODgg 1HZY
h 1.0, K B IR AT 10 ~ 107 B B AR RS, S EAE
NRSP §i 5% |, 48 h J5 WLEEH AR KRB ; K R
PL1 s 100(ARBH H ) e 42 2 B fef 1) NRSP AR K: 57
Fee v, o] B — S B [0 PR VRV B, 2 A A AR K
HIEZ

1.8 HISMTHERE. ©MEFEAHETERN
TENYG B33, DL 28 °C F1 180 r-min™' (5544
B5 5% R0 A AR, L E ODgoo 290 1.0, H TG 1A
ddH,0 JE¥E 2 R, AT ddH,0 i, fii 0D, fH N
1.0 B2 pL AN[RIRRI G o A 25 47 0.5%
TR LR R | 0.1% IS TETE R BE 2% MiAE Uk
A NRSP [E1AEFE3E [, 28 °C B &5 E R A
R Lem Zidy o Arlgeta: ST 0.1% MR
47 4445 30 min, A 1 mol-L™' NaCl T 7K V4% K
60 r-min"' I 1 ~ 2 min, 5 5 HAE KoK A RE
#(em) o JEBF-AR: 1 : 100 4 1/KI (0.08 mol-L™!
I,, 3.2 mol-L™' KD % 1 ~ 10 min, i 3 P& 515
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FUK A AR (em) o JBERR WA TR ELEEMER, D
T [ P LA K R AR (em) o ZKAERE 1 LUK A
P B S P B ARz 22408 (em)

1.9 BEFHERT 7 NYG gk, D28
F1180r min" RN, HZ ODygo [HZIN
1.0, I & # ddH,O ¥ ¥ 2, ® & T ddH,0
i ODggo fHN 1.00 TCTR 25 HEURTWY 5 s ),
T H M T8G9 58 (0.03% Tryptone, 0.03%
Yeast-extract, 0.25% Agar) H1, 28 C IFEHF#FEE
AT B dnp 25 Vi 2 VLB, 000 R AR U S e Y AR

2% Glucose, 0.6% Agar) I, 28 °C IEBEEFFE M
F2 ] ) 20T S R, I DA REL ) LA (em) e,

HRE5H

21 PipAfPpBHEEHMEIBKR T S EKEE
(PIPase ) i&ME A 4R PipA C #iESE A PlPase,
HAE Xee PR IBAMFBEHENEAIFATERE.
R, FEEREH, Xee iR A 1405
PipA [EIJE Y 1 (XC3394), {H H BRI REE K 1k
YeE o X AT TR A HE T, HR R S AR AL

2

(em)o SHBHPE: HULIRR R 2 pL SFMIBE A% PEOh 44.72%. 2 5E 1R I %) A DL PE °h 16.46%
FIE B HEREFRHE (1% Tryptone, 0.5% Yeast-extract, (& 1-A). R 78 Hr XC3394 /2 15 H 47 PlPase i
A
XC 1296 <caaasaans MQCTEHEFVEFRG . YRTWYRIT[eDCLHSDAQSL jge .CT 40
XC 3394 MRILYPEITEED TI.Q?DDRHTLYEEQ NE'QGK. : ZEGGC 48
Consensus p 1lhggpg
XC 1296 HDYWD GSGRAVIH I. TVGI.E'LBELQ 89
XC 3394 NTEMR RYR. .IVL .VADIE 93
Consensus dg g g st h
XC 1296 LAGYAL IANSPASMGIER 139
XC 3394 IDRWQV 1:.'1' QQV'I LR.GIELLR E 142
Consensus hlg g swg la a W
XC 1296 BAALRLRARLPEPVQARICEREERGTLCSFPAYRAATCRYYAQHVCRVLEW 189
X(C 3394 LEWEYQEG.ASRLEP EHY .ZIPAEERHDLI HRRLISTDEAT 189
Consensus af
XC 1296 EA LTEARIDADPTV MNGPIEEBEVVGSLR.NWS RLHRITAPT 238
XC:3394 R XAWSVWNEGATSF VDEDFVI CARHFALAFR HYFVNGGF 239
Consensus a ie
XC 1296 ELVLSGEYDEATEETVEPYAR FENSSHMPHVEEREACHHIVG 288
XC 3394 [ECAECQLLRCAHR.IAEIP vQ vcpuqsawswmwpxp. X1 288
Consensus k i
XC 1296 NELDEEEPWPGGRLTRPSALANRA 312
XC 3394 seaa FEPETVDALVRATDSF 312
Consensus hs
B C
M MBP PipA PipB 5
—— MBP
4 -
35 kDa ST
~ ok
1 -
0 1 1

0 5 10 15 20 25 30 35 40 45

B[] Time/min

B 1 PipA #0 PipB #J PIPase i& 40 #7
Fig. 1 The PIPase activities of PipA and PipB
A: PipA 5 PipB [ /5 51| [t % . B: SDS-PAGE #&illl PipA 1 XC3394 (PipB)#E M UMk M4 . M: B> T &

Marker; C: PipA Fl PipB 43 pNA BYHE 1.

A: The sequence alignment between PipA and PipB. B: Analysis of PipA and PipB proteins by SDS-PAGE. M: Protein

Marker. C: The hydrolysis abilities of pNA by PipA and PipB.
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Fig.2 Xcc virulence are regulated by PipA and PipB
A HER 14 d S5 HET R SR BER AL B: JEGLAORBE IR o i HISF R R 22 380R

A: The infected leaves after 14-day inoculation by Xcc strains; B: Lesion length of the infected leaves. Data shown as

means = standard derivation (SD).
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X, W T pipA F1 pipB 1 58 25 1K T B AD B8 #k
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N, TSR R 2 B RS SR 5, P s AR A
KA A 25 5% . L, PipA 1 PipB 1 fEAil
TR D TR ) A AR ) LB T .
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El 3 PipA 0 PipB ¥t Xce K HIZIN
Fig. 3 The effects of PipA and PipB on Xcc growth
A RN AR AE WA TR () A 2k B I BT RTE [ P B TR 2 b A e
A: Growth curves of the indicated bacteria in NRSP liquid media; B: The growth phenotype of the indicated bacteria on
NRSP solid media.
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Fig. 4 The effects of pipA and pipB overexpression on Xcc motility
A: JiFEhERAY; B: WiF 5 HAZ: C: BlshPRAY; D: Bizh Bt

A: Swimming phenotype; B: Swimming diameters; C: Swarming phenotype; D: Swarming diameters.
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Fig. 5 The activities of extracellular enzymes are regulated by PipA and PipB

SEARIEAIN AT A R (A) | JER B (C) AR I (B) 161 B. D I F 4 AL C Il E BT ALIE BAR AZE 4521 UK
fRE S LK i IE B4R ST AR 22 38R (em) o

The activities of cellulase (A), amylase (C) and protease (E) analyzed by plate assays; The digestive diameters were also
shown in B, D and F for cellulase, amylase and protease activities, respectively. The hydrolysis activity was shown as the
difference between the diameter of the hydrolysis circle and the diameter of the colony circle (cm).

2.6 pipA W pipB AENIMMN SHERFE s AT LRI AN LARH kg 32 RO AR 1 4 40
Z W (Extracellular polysaccharide, EPS)nJ i il b5 T RCE S, RERSE PipA Fll PipB JE 2 5
T SN A HE SR A FAEPI U, BN, EPS 38 AR HEAYTE AL, 38 1K o DU B R A A S 2%
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ApipA t‘} A 41‘ 1

Apth
ApipA/ApzpB
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W P52 5 B A BUAH e LP A 2290 .
PipA il PipB A LA ZHERIIE B
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pipB/ApipA |

PipAIApipA/ApipB |

pipB/ApipA/ApipB | = |

TN TR FRN T & 2% WA IR 4 A A R
Growth phenotype of the tested strains inoculated on NRSP media supplemented with 2% glucose.
Bl 6 PipA #0 PipB Xt Xcc F15h % HETZ AL BY 220
Fig. 6 The effects of PipA and PipB on Xcc exopolysaccharide synthesis
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T PRI A 2208 1Y 7= AR 2 0 18 2 52 ), {H X2 B
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Xee iz s, s m B0 1 o Briz s R h,
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Proline imino-peptidases regulate the virulence of

Xanthomonas campestris

XING Yun®, ZHAN Zhaohong, WU Kejian, WEI Bingzheng, TAO Jun’

(Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources; School of Tropical Agriculture and Forestry, Hainan University,
Haikou 570228, China)

Abstract: To investigate if the proline aminopeptidases (PIPases) regulate the virulence of Xanthomonas
campestris pv. campestris (Xcc), we first analyzed the putative PIPases in Xcc by bioinformatics; then
expressed and purified these proteins, and detected their PIPase activities in vitro; finally studied the roles of
these genes in Xcc virulence by analyzing the infective ability, growth rates, motility, and extracellular enzyme
activities of the mutants and the coressponding complementary strains of these mutatns. The results indicate
that Xcc encodes two PIPases, PipA and PipB. Mutation of either gene led to a decrease in Xcc virulence.
Overexpression of pipA or pipB resulted in enhanced motility. In addition, pipA overexpression increased the
activities of the extracellular proteases in Xcc, but pipB did not have this activity. Therefore, PipA and PipB
may affect Xcc virulence by regulating its motility, and PipA may also regulate extracellular protease activity to
affect Xcc infection.

Keywords: Xanthomonas campestris pv. campestris; PIPase; Virulence; Motility
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