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(1. Mg R Aot 5 222 B 2. MR R SR~ B, T 11 570228)

8 ZE. N9Hr GGDEF Ml EAL 538 85 1 CrxV X K ¥ B A 1§ (Xanthomonas oryzaepv.oryzae, Xoo) 3
9 1 B AH G BOR TR 7 B, Gl [ IR B A A T el I 9 AR (A B L AN B R s SR B Ik LU T 2878
M AR BURTE AP KRG PR RE T AT T X 3 AR A M GO I GB etk s rE . A
Yo BERRANEG ) (RE T o G5 TIR, ol SRR B0 7 L BT A BRI E AN RIS . erxl 9728 S 3809 i AT
AP i W T, (HXHZ B MA RIS A TC B W . S5 RER M, CrxV ] gl it R A
YRR Xoo MIEURTE .

KR CrxV; C-di-GMP; A=W Rises B s /KRS F Ak

FEFHS: S435.111.477 SCERARSAS: A

SImtER: AT, BRIZHR, K22, 4. CrxV XK MR B0 1 IR [J]. i B Y2441, 2021, 12(4):
441-447. DOI: 10.15886/j.cnki.rdswxb.2021.04.006

IR (c-di-GMP ) 2 4H A 5 i A7 5 1 56 AR 000, B WRAE AR IR I R AT 1A Th bl R B0, JR4F
R A ARG 2 R B 45 SRR, o-di-GMP 2 535 4 FiE Yy B an ot | 25
VL AP S K SO Y, DY o-di-GMP JK V%2 4 GGDEF. EAL 5 HD-GYP 4441}
M B 8 ¥ . GGDEF & [ 1 3% c-di-GMP & i, 1fii EAL 5% HD-GYP & 12 5 c-di-GMP Y 473 fiit ),
GGDEF Z5#438 &4 2 180 MEKEMRIREE, HA IA5FHY Gly-Gly-Asp-Glu- Phe ZHERRFEILIFH1. 7EH A
JEAF T (Caulobacter crescentus) ™', GGDEF 5441 1 PleD HA WU H BRI 1% 1%, 445 40 1R 1312 3)
TR, i 0E 40 M A2 B 1 #R1ET 7, BAL Z5#038HK 29 250 N2 IERR, Glu-Ala-—Leu 551 5 AR SE, 1l
i A TR AL 0 5 A T B RT3 B0, 5 iE GGDEF Ml EAL Z5 3L A7 T [al— 4N f b, T RE R A7 o
| AN EEREAE ThRE . B0, Hi 4R B M 5 BifA %4 GGDEF 1 EAL 4594, B HA% A c-di-GMP 4 &)
A o3RRS R PR R K RS B0 AR Fh (Xanthomonas oryzae pv. oryzae, Xoo) f& 5| B2 7K F F A9 1Y
o JE B0, AT X K R i U™ B 7 IR . C-di-GMP AR R RIS 5 Xoo 0% J1 s, 4.
(O GGDEF 45388 1 GdpX1 HA A A c-di-GMP BTEYE, 8735 Xoo BYIZ hRE 1 . M HE ) &2 DL K
o 711 @ EAL S5 K938 11 PXO_03877 HATFEff c-di-GMP I, 15 58 240 81 i S50 1 L dz 8k L
AN WEA LA R A W BT T B RE 11); (3 GGDEF/EAL £ F 4 26 11 PdeR 5 2H 48 BRI PdeK ZH I i
U R 55, WAL PdeR HAT /3 c-di-GMP [RE J1, pdeR 525 FEAIK Xoo MBURTE . M14bZ 05 K A= Pk
R 7 1, (EF 32 Sl MR A g JC PR SR 52 it ARBIFSE 438 T Xoo H1 55—~ GGDEF/EAL 45443 85 1
CrxV Xz stk . A=Y . B b 20 LA K o ot 4 75 00 TR 0 45V, it — 25 40 ¢-di-GMP 1
Xoo 57K AE B A AR FHEE E St

1 MRERE

1.1 #8 Xoo B AT HEFk PXO99A . KT # DHSa, JE R EiBR A pK18mobSacB., i3 FiA# A H Bk
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pHMI S35 28 5 I 7E 1 S 90 38 DR AF s — Ak 24 50 [ T N AR 220 28 |5 PCR I [ 15 R A 1)
P A BR 2wl N DTG RN 2B [ NEB AR A FR S w5 Pk Bk MR & BilsBEE DNA (1]
W) & S5 3 R AR A= B A PR 75 IR24 /KRS FH TR0 Xoo (18U 715 H SMART #K £ (http://
smart.embl-heidelberg.de/) 77 8 F AR5 E5 438K

12 RTHRSEEHROBEBEEBFE IS ¥ oV W E R4 2 500 bp #7518 14 PCR ¥~
14| W] (Hind/Xbal 5 Xbal/EcoR1) M i 45 2] A AR MR pK18mobSacB(HindI/EcoR1 B ), 3k
PR RBREUAR pK-crxV, LA PXO99* TRIdR, R RIVRE L 2 IR A # 1)  IE A AR IR Acrx Vi 191, Fi|
FH PCR J5 438 crl 3K F BE, W) (HindI11/EcoR1) [0 WU 1% 45 AN AR pHM 1 (HindI11/EcoR1 1)),
SRIGHEAL AcrxV R4S HANE IR C-Acrx V(51 A WL 1) o N T 8, BFAE BRI A AcreV 5% A %S
AR pHM 1. SR FH BT ARSI B 1, ¥ 58 B R TR AcrxV-pHM1, B A BUGE R PXO99*-pHM 1 FlIH M A
PR C-AcrxV R 2 A KW 60 d /KFEM A I, 14 d JS ST KAE I A G L o

#z1 SHF5

Tab. 1 Primers used in this study
5% Primer %1 Sequences 1% Usages
CrxVFF GCACAAGCTTTCGCAGTTCGTGCTGGCAGT
CrxVFR GCACTCTAGAATGCAGGCGCATCGACCTCA .
CrxVRF GCACTCTAGATGCATGCGCCAACTCGGCAT crxV/ deletion
CrxVRR GCACAATTCCAAGGCCTTCAAGAGCTACG
CrxVhmF TATGACCATGATTACGCCAAGCTTGATGCGCCTGCATACCCGCATC AcrxV complement
CrxVhmR TGTAAAACGACGGCCAGTGAATTCATCAACTGTGCCAGGAACTG

E: "R
Note: restriction enzyme sites are underlined

1.3 BOSMEEIEMERN S RESCHR [17] (007 A DU A A N A 16 4, 7 28 A IR BB Acrx-pHMIL, B A AU B
Pk PXO99A-pHM1 FIH AN KR C-AcrxV 8 28 °C Z51F T A F% 48 h )5, B 1 mL 35529 H ddH,0 ¥
Y23, FH 1 mL ddH,O0 FAR A, HU 3 L Ak 3 il P 2 47 2 S5 R 0k | T A A 5% 5 B N
B BAS IS 7R3 I, 78 28 °C S TR ER R 5 do PGA K5573k: 1 g'mL " Tryptone, 1 g-mL" #jZjH¥
0.1 g'mL "' L-A & BRI . 1.5% agar; L 4E R AN BT IR I N PGA 55 573+0.5% F2 LT 48 K Je M IR U 15
FEHN PGA HiFR5+0.1% AT TEVE R ; S BRI 5250 PGA 552 5642% AR WY . 2F 4k R W P
ME T 0.1% MISRLT YLt 30 min, ] 1mol-L' 1) NaCl IR YE 2 ¥k, MUELEE/K it AL (cm); TEH BTG 1
WA 7% 1: 100 1L/KI (0.08% mol-L™ I, 3.2 mol-L™" KI) ¥ ¥ 4 {4, 10 min, WLELHE K fi# E4% (cm) ; 2 [ B
TEPEN 2 ik, BARAE R AR IR WEOKMOEE (em) . MR EE 3 1K,

1.4 REBhMERN S HESCHR (18] R A sl . 2 28I 1.3 7 b B B T BB, T B M T
0.25% SRR sl 5% 35 35 (0.03%Tryptone, 0.03%Y east-extract, 0.25%agar) JIE i, 75 28 °C 44 T & 4%
F% 4 d, W ERTER R R B (em) IP4ei . A 3 IR,

1.5 SYWERIENSTERIE SIS [19 — 20] M7 A A= D9t B A0 TE B S 7 2 B B 7= A o B
PATTREAN A TE PSA 535 48 h J5, L 2 mL B 7E 5 500 rmin™ 55048 F 2520 3 min, YW HA, F M210 55
FRI(5 gL' HEME; 8 gL M /KM# K 25 4 gL' Yeast-extract; 3 g-L ™' K,HPO,; 0.3 g-L™' MgSO, - 7H,0,
pH7.0) VEU 2 K, FE N A M210 5 &, HEE B W ODgo T 2 0.5, LR B SE 5 B 2 mL & &)
(ODgo=0.5) R R HRIAAE, 75 28 C THIFEREFR 4 d, 21 P58 I n 3577 58, H H,0 VYl 3 i,
0.1% 45 S YL iR G4 8 30 min, FEH H,O Ve 3 i, A 3 mL90% LB, 7F ODsoy FIMIEAE . Y
AN B 2 uL BB (ODgg=0.5) 3 28 PGA 5555611, 75 28 °C P& G 4 d, MELHIIE %
g, R ER 3K,

2 HBRS5S

21 CrxVIRTFTEMIBMTNER I SMART W45 H, CrxV %4 GGDEF. EAL. HAMP %5 ¥4 1,
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(¥l 1). GGDEF 1 EAL W fEZ 5 c-di-GMP & 15 50f#, 111 HAMP 7] Rl 845 Crxv i R Ik fbse
Wil GGDEF 1 EAL B3, B, CrxV Al BES 5 c-di-GMP AU, T4 40 % o b FLER s il i b fE 17
2.2 orxVEREERBIBRINGIE N T 0 oxV IIEE, ARSI RN FIRELL 2 YL HIEE T enxl 1Y
B RAFIR (K] 2) o 25 BIR: erxV RASRIE R HE P21 204 1 000 bp, TMiHEFAE 7 PXO99A FEK 4 i3
F B RAR AR 2 1 500 bp(55 ereV FEFRK/N—30), 6 crxV SR RF L)

. 2 000 bp
: o 750 bp
El 1 CrxV BIEASFEs R

i 57 45 #8757 S A SMART  (http://smart.embl-
heidelberg.de/); GGDEF: c-di-GMP & i 45 #4 38 ; EAL: c-di-

GMP 4345 ¥ HAMP: CrxV —RAb4EFi. M 1 2 W N
Fig. 1 Th i f N e
ig e cons.erved domains of CrxV K2 PCRIBIE erxV 225K (Acrx V)
CrxV conserved domains, analyzed by SMART (http://
M: DL2000 Marker; 1. 2: AcrxV; W: A= 7 PX0994; N:

smart.embl-heidelberg.de/) with default parameters. GGDEF: S 1
The domain involved in c-di-GMP synthesis, EAL: The domain
involved in c-di-GMP degradation, HAMP: The protein
dimerization domain; Blue box: Transmembrane helix; Pink

Fig. 2 PCR confirmation of the crxV mutant
M: DL2000 Marker; lanes 1 and 2: AcrxV; W: wild-type
box: low complexity regions. PX099% N: negative control.
23 crxVEREE Xoo BURMHIERR N T T HE XS Xoo BIEUR M, AR SLIANEE T AcrxV B MR PR
C-AcrxVo BURTEDHrE R A, AcrxV (B JE LEEF A= PXO99* MM BE I I 17 3 em 7647, HLAb

PR A ) 5 B A R — S0 (] 3) . Bl CrxV & Xoo RYLFITILFT Y .

B /ecm

Leison length
it ot (Y}
o (% S
*

W
T

FH kK Strains

&3 PX099*-pHMI . AcrxV-pHM1 Fll C-AcrxV FIEURIEII BT
A: EFUKAE 14 d J5, SRR R Bk PXO99 -pHMI | REAZRFFR AcrxV-pHMI I AN FRR C-AcrxV BIIRBERFIE, H0
25 X R . B: 3 14 d J5 BZK AR B B /em (*: P<0.05, **: P<0.01).
Fig. 3 Virulence analysis of PX099*-pHM1, AcrxV-pHMI1 and C-AcrxV
A: The lesions caused by PX099*-pHM1, AcrxV-pHM1 and C-AcrxV (H,0: mock control). B: The lesion lengths (cm) of
the infected IR24 leaves after 14 days’ inoculation of the indicated Xoo strains (*: P<0.05, **: P<0.01, compared withPX099"-

pHM1).
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24 crxVERETG Xoo BEIMMIXFR il Xoo WEERE NN TZ—, HZ c-di-GMP J&#5CY, Jiit
BB erxV RAZ A Xoo B ENEE S . PXO99*-pHMI ., AcrxV-pHMI il C-AcrxV HIHFEhBE
AYRTEE R (& 4) W, X 3 ANRARZ K shie 1A BE 255, Uil CrxV RETE Xoo iz sk,

25 orxVREE Xoo EYIMEIEFKMIK R MR EYIWNIE: Xoo (W75 1 K7, 5 40P 0w P
BRSNS R BT BN 22 W 08 7= A TN A R A TR B, AR S 364 B R 4R 28 PGA [ AR K: 3% 3 3 1 Al
M210 WA g dtrh, S8 1 5E 4 d J5 & L, PXO99*-pHM1 . AcrxV-pHM1 FI C-AcrxV B ¥4 2 T JCH & 2%
51, T AcrxV-pHM1 B A= B19k T i 1 1 PXO99*-pHMI =5t 1 2 435, [RIAN B bk 5 B A 78 Tk 1) A= ke
BT A2 —FE (] 5), Bl CrxV FETE Xoo A # A TE B, 1H AT RE R A4 40 B ML 2 2 M 7

2.0
g 15 B S
]
e .| =
GE 10 &
&g MOr SR 1.0}
o £ -
& 05 EE
g% 0.5
0 /A
S AcrxV-pHM1  C-AcrxV PX099*-pHM1
O
Q‘*’ B [ |
Ak Strains
Kl 4 PXO099*-pHMI1. AcrxV-pHMI Fl C-AcrxV i i 5
fie AcrxV-pHM1  C-AcrxV PX099*-pHM1
PR AR Al Sh R R s BARRISETE &5 PXO99A-pHMI . AcrxV-pHMI Fil C-AcrxV P2k My
38T JEE(A) B s 245 (B) URE S

Fig. 4 The swimming abilities of PX099*-pHMI1, AcrxV-
pHM1 and C-AcrxV

A: AR E TR 4 d JR RO S T BRI
RIMEYI WAL S0 ;T 18] AW B A B b

Up panel: swimming phenotypes of PX099*-pHMI,
AcrxV-pHMI1 and C-AcrxV; Down panel: the diameters of
swimming zones of the indicated strains. All the experiments
were repeated triple times. Values are given as means + SD.

26

(*: P<0.05). B: PGA {375 bR I A I O Lo
BURFAE
Fig. 5 The biofilm (A) and extracellular polysaccharide (B)
contents of PX099*-pHM1, AcrxV-pHM1 and C-
AcrxV
A: The biofilm contents of PX099*-pHM1, AcrxV-pHM1
and C-AcrxV 4 days after incubation (*: p<0.05). Up panel: the
crystal violet staining biofilm synthesized in the liquid-gas
interfaces; Down panel: the biofilm contents of the indicated
strains (ODsq). All the experiments were repeated triple times.
Values are given as means + SD. *: P<0.05, compared
withPX099*-pHM1. B: The colony phenotypes (4 days after
incubation) of PX099*-pHM1, AcrxV-pHMI1 and C-Acrx/V.

crxVEREES Xoo RESNEEIEMERIR R MUSMEEE i [T B 38 R GUH 5 1 I8 100 A 2= I Ah, e R 40

X7 R EUR 1, AN A LR 43I TT fEAZ o-di-GMP PR 2, W 6 iR, PXO99-pHMI , AcrxV-
pHM1 FI C-Acrx V" B B ] ) A0 27 24 R T . 3 M il R 2 10 il 0% 1 350 80 o 3 220010, D6 CrxV AN TR 4%
Xoo AN A BLEL 53
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B 6 PX099*-pHMI ., AcrxV-pHM1 il C-AcrxV JLANERE 3T
A: T ARG B: TEHTHT I C: SF4ERFHT . 1: PXO99*-pHM1; 2: AcrxV-pHMI; 3: C-Acrx V.,
Fig. 6 The extracellular enzyme activities of PX099*-pHM1, AcrxV-pHM1 and C-AcrxV

A: protease activities; B: amylase activities; C: cellulase activities.1: PX099*-pHM1; 2: AcrxV-pHM1; 3: C-AcrxV. All the
experiments were repeated triple times with same results.

3 ¥t i

C-di-GMP 43 i GGDEF 453K 1 1 9% & iR EAL/HD-GYP 45338 1 0 S b, i N 2 1A
1 AT c-di-GMP 7K S8 45 40 i 22 AR 42, 5200 40 B A0 A8 K R R 86 B BE T o R IROK B e-di-
GMP 2 = 4B (132 Bh 6 1, 7K (4 c-di-GMP WA A5 g 5 i T 1, 8195 40 Tl B B e ™. 7F
Xoo 1, GGEDF #4325 11 GdpX1, 1 iz 7 8 2 M A1 Z2 0 4 7= A= Az sl i ] Xoo AR HE2.
EAL 45H3#E 11 PXO_03877 HA c-di-GMP /KBS Ve, EIREE0R T . AW aYIE iR i o 22 b i
AL PdeR A3 PR 5F 9 GGDEF Fl EAL S5 #435k, A Ay i 1 38 15 DX 5 2 S R P PdeK 41 WL Z 40y &=
85, I Xoo B TEFIMI AN ZHE 0 72 4229 5] PdeR 2448, CrxV & 4 1457 #Y GGDEF Fll EAL 4544
B, B EAR TAERARTERE . th TEURIES c-di-GMP & i) BERL FUAE 56052, el %75 S5 Xoo BUW
FIREAK, I CrxV AT fEAE R c-di-GMP 43 fif iF, = GGDEF 4544 38 n] f 1% A B 16 v . BRI 98 & 31
Xoo HEZM RN c-di-GMP ISR IT BE VA1 403z sh vk | Mok 22 WA A NI 25 0 T 5 ik
A3 AH eV GEAE IR FE A X B PR F AT Rk 0 . AR, oreV 2875 31 Xoo A Bl R i ik
I ARk Y R i SR N PR O EE T AR, B R, BRI, Crx VAT R G R A Yk
SR, BRI E R R B I EBOR 11 . DL RS R B AR WoR CrxV AT REE A c-di-GMP 1R, 523 i
TR AL Bl ) 5, IR SR B0 1, (HL CrxV AR TR 1 B A A 0 e A 5 3R b A R A 1
R, T

SE
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CrxV Regulates the Virulence of Xanthomonas oryzae pv. oryzae

LIN Yunuan'?, HOU Yunyu', MI Duo?, LI Chunxia’, TAO Jun’

(1. School of Life and Pharmaceutical Sciences, Hainan University; 2. College of Tropical Crops, Hainan University, Haikou, Hainan 570228, China)

Abstract: Proteins containing GGDEF and EAL domains are involved in the synthesis and degradation of the
cell’s second messenger c-di-GMP. They are important regulators for bacteria to respond to the external
environment, and may be involved in the interaction between pathogen and host. We analyzed the effect of
CrxV containing a GGDEF and an EAL domain on the virulence and some related virulent factors of
Xanthomonas oryzae pv. oryzae (Xoo), a causal agent of bacterial leaf blight of rice. We used the homology
recombination method to construct crxV mutant (AcrxV), and then the leaf clipping method to analyze the
infection ability of the wild-type strain, AcrxV, and its complementary strain (C-Acrx¥) on rice leaves. We also
compared the motility, the contents of biofilm, extracellular polysaccharides and extracellular enzymes of these
strains. The results showed that the Acrx? mutant had lower virulence than the wild-type and complementary
strains. Compared with the wild-type and complementary strains, the AcrxV mutant was significantly higher in
biofilm content, but no significant difference was observed in its motility, extracellular polysaccharides and
extracellular enzymes. These results demonstrate that the Crx} may positively regulate the virulence of Xoo

through negative regulation of biofilm formation.
Keywords: CrxV; C-di-GMP; biofilm; virulence; Xanthomonas oryzae pv. oryzae
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