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Physiological functions of 3-hydroxyacyl ACP dehydratase
FabZ in Xanthomonas campestris pv. campestris

MA Jianrongl, YU Yonghong*l, ZHANG Yuanyinz, YAN Mingfeng2

1 Guangdong Food and Drug Vocational College, Guangzhou 510520, Guangdong, China
2 Guangdong Provincial Key Laboratory of Protein Function and Regulation in Agricultural Organisms, College of
Life Sciences, South China Agricultural University, Guangzhou 510642, Guangdong, China

Abstract: [Background] Xanthomonas campestris pv. campestris (Xcc) is the pathogen of black
rot in cruciferous plants, causing immense economic losses worldwide. Therefore, it is urgent to
study the pathogenic mechanism of this pathogen and develop novel methods to control this
disease. The bacterial fatty acid synthesis system provides not only substrates for cell membrane
synthesis but also the intermediates to be used as precursors for the synthesis of bioactive
molecules. With important functions, the fatty acid synthesis system is a promising target for the
screening of antibacterial agents. [Objective] To investigate the effects of Xcc fabZ on the
diffusible signal factor (DSF) family signals production, pathogenicity, extracellular enzymes,
extracellular polysaccharides, and motility of Xcc. [Methods] The yields of DSF family signals
produced by different strains were estimated by the bioassay method with the DSF reporter
strain. The replacement mutants were established from the DSF family signals high yield strain
based on homologous recombination. Then, the yields of DSF family signals were determined
by high performance liquid chromatography (HPLC). The pathogenicity of different strains to
the host plant Brassica oleracea L. was examined by the leaf-clipping method, and the
production of exopolysaccharides (EPS), extracellular enzymes, and motility were compared
among different strains. [Results] The DSF family signals produced by the Escherichia coli
fabZ replacement mutant (Xcc AfabZ/pSRK-EcfabZ) decreased sharply. Moreover, the mutant
presented attenuated pathogenicity to the host plant, slow growth in the plant extract, reduced
extracellular enzyme production, and weakened motility. The production of DSF family signals
by the Xcc fabZ replacement mutant was restored to the level of the wild-type strain, and
excessive production of EPS enhanced the pathogenicity and restored the extracellular enzymes
and motility. [Conclusion] FabZ affects the production of DSF family signals and extracellular
enzymes, pathogenicity, and motility of Xcc.

Keywords: Xanthomonas campestris pv. campestris; 3-hydroxyacyl ACP dehydratase; DSF
family signals; pathogenicity

B HLJIf T (Xanthomonas) f2 A8 4 9 Jit T Hh 45
KR, BRI YFZHENRIEY, fE2EEE
P K TR, SR E Kz prmRl, H
rh B 9l 352 5% B MU 7 (Xanthomonas campestris pv.
campestris, Xco)BER YL LA+ AERHE Y,

ARG Bl s, A YR
IFe . Xee iRYLGIEBIEN, —B AW, &M
T 2 B AP R A i S BT B
SR AR R, AN TR
T B A R A A i R BT, R A R
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B ARG S A7, AU A B Y
BTk

Xce WM IR -5 A EAE YA AR B
BETERD, HRRH EMY R — D E a0
NS Z KA EAE AR . TR AR, Xee
PR ZFEURE N T, AR MG (LT 4
. VEMBE AR ) | B sh Y pE Rk
By, Xcc A FIREURN T FEZ Y #E 550
F(diffusible signal factor, DSF)R{5 5/ F AU i
PRI R GE e 4 DSF 255 5k 4
T 12 DRI T RAMBFIRIIR, HAA T
S IR DT & ik A ) ) ACE  3-F2 BRI Tt
ACP (acyl carrier protein), Kt DSF K55 6&
15 P R £ 1A AR SR A OGO

A — BRI Y 5 R 5 Bl AR 8 (fatty
acid synthase II, FAS II)& BUIB TR , FEALHE R
H L WL KRR 4 AR, Afiig]
Wt 2T, CAIAEY] T Xee IARITTR &
JALH], PEAIRIESE T 2 3-ERARTE ACP & nii
FabH/FabB/FabF'*”, 24~ 3-Ji g5t ACP i& 5t if}
FabG!'""™ | LR NGTE ACP i85 FabV!'2fHy
ife, KIBIFZM DSF M55 a . A
ek B, SR YK HT 1 (Escherichia
coli)Z&fl, Xcc Wi 2 4> 3-2ENETE ACP i
K1 FabA 1 FabZ, JLH Xcc FabA HA fiEfb A
T FIHE i PR (unsaturated fatty acid, UFA)& A%
E1E, H Xee fabA A4 i 4 KR UFA 45 8 HY
WA, H s DSF 655G it Fixt 25 &
FaP B, 1 Xee FabZ BEMEAL A [l 55 K
() 3-F2 BENIRE ACP i /K , 2 5 10 F g 1D R &
{H Xcc fabZ (XC_2876) 24K L7 H A, H ik
P47 Ec fabZ (b0180)aE Xcc fabZ f4 28 35 Ji kL
TG, ARG, {H Xee FabZ K
AR ORTE AN B, AR — AR
RV 5, BF5E T AN fabZ LR 2 d

FRAFPRXT FF FAEY B, FFIE TANFE
PRI EOR A 775, 434 T Xcc FabZ 7E DSF
RIGS G RIIEE, DU IF & B BB I 2
JE 9 25 W B A 0 S

AR

1.1 #8
1.1.1 &, FRRAMEFE

AW T KIBFFE DHSa F1 S17-1, 4
TMSEH I Xee 8004, XC1, DSF 2K{5 54ty
PRk Xec FES8!. ffi M FkiAT pK18mobsacB
1 pSRK-Gm"®!, HoAh A4 2 Ry 1= 34 s (4 i 2
JERE, 2 TR R AR R TORL AR LA LR 1, LB 8%
FRIEFMER R RIAAT R, NYG B33P HF
Xce Kig%, DSF 25{5 S 420U FH NA #5373 (R
PUE 3.0 g/L, HEMME 5.0 g/L, BEfbky 1.0 g/L,
FERE 10.0 g/L)K59%E Xee, HUERMTAEWE . F
#EF-(Rif) 50 pg/L. A2 (Km) 30 pg/L. K
KB 2(Gm) 10 pg/L FIPUIRZE (Te) 25 pg/Ls
1.1.2 EZERFIANEE

PCR Mix., DNA Marker Z5i#%7], DNA [f]
WO AR R BT G 4 H K% TaKaRa 23
Al RIBEwR . KKR&ER . IPTG FilHIlE A
Sigma v F]; PCR ¥ 3509 & A AR Ty
S 5E fr A T A TR () I A BR 2 ] 58
Ao fEIROC R IRAE T R R 1 A PR
ONFEL 6B HPLC, BHEvAW; A
AR ZAY, OY Growth Curves A .

1.2 B#ERTHREE

¥ pIR-4 AL KWAFFH S17-1, 5 Xcc
ArpfBArpfC £ NYG “F-4it I 30 °CHL#55% 36 h
o, RSB 1072 J5H 100 puL %4 T NYG “FA4R
(% Rif Fl Km), 30 °CHkLLE: 75 AT HATH & .
PE— 4R DNA J5 PCR A&, ik 3545 Xce
fabZ @k 1) — R EE AL F R Xee JR6. 43l H b
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Fz1 AAREANEKRSRA
Table 1

The strains and plasmids used in this work

Strain/Plasmid Relevant genotype or characteristics

Sources or reference

E. coli strains

DH5a ¢80AlacZAM15 endAlrecAlhsdR17 (g, mg ") Lab collection

S17-1 Tp" Sm" recA, thi, pro, hsdR' M" RP4::2-Tc::Mu:Km::Tn7, Apir Lab collection
Xcc strains

8004 Rif®, wild type Lab collection

FES8 Rif®, Tc®, DSF signal reporter [15]

JR4 Rif®, Gm®, AXccfabzZ/pIR-5 Lab collection

JR5 Rif®, Gm®, AXccfabZ/pIR-6 Lab collection

ArpfBArpfC Rif®, higher amounts of DSF signals producer, in which the rpfB and rpfC genes [17]

were deleted

JR6 Rif%, Km®, pJR-4 integrated in Xcc ArpfBArpfC genome This study

JR7 Rif?, Km®, Gm®, Xcc JR6 harboring pJR-5 This study

JRS Rif®, Km®, Gm®, Xcc JR6 harboring pJR-6 This study

JR9 Rif®, Gm®, ArpfBArpfCAXccfabZ/pJR-5 This study

JR10 Rif®, Gm®, ArpfBArpfCAXccfabZ/pIR-6 This study
Plasmids

pK18mobsacB Km', conjugation vector
pSRK-Gm
pJR-4

Gm', expression vector

EcoR I/Hind I1I sites
pJR-5 Gm', EcfabZ in pSRK-Gm
pJR-6 Gm', XccfabZ in pSRK-Gm

Km', XccfabZ in-frame deletion fragment inserted to pK18mobsacB between

Lab collection
Lab collection

Lab collection

Lab collection

Lab collection

kL pJR-5 (Ec fabZ)Fl pJR-6 (Xcc fabZ) G A K
Wt S17-1 J5, H5—WEHAREKES S, FIH]
Rif, Km F Gm Hu i 73 514K 1% Xce JR7 Fi
Xcc JR8. 735 HAE NYG (& Rif 1 Gm)H £
F5, AT oA Rif. Gm Fl 10% 5B 1Y
NYGS!BEAR, ffidki Km SURBAKK, 2%
SCHR[ 1417 PCR AN IF00 P JeriiE Js , RAS5E A
2 | Xcc fabz BBy — IR EA R Xec JR9
(AfabZ/Ec fabz)#1 Xcc JR10 (Afabz/Xcc fabz).
1.3 DSF X{ES570H

FI FH 45 T Bk Xee FES8 K6l DSF 2415 5%
FZCHR[101E1 7. 7E 50 mL NYG B35 34 H1R)
HS I 1 mL Xee FES8 33 #4537 91(ODgop 2 2.0),
FEEAN X-Glue (&M E 160 pg/mL)J il £ AR
W R PR R SR K PE 2 WA, B2 uL

SRR |, 30 cCEGHE SR 24 h WA R,

DSF K55S 42 % SCik[18]. B
AT . ANFIEARTE NA 855558 30 °C.
200 r/min }%5% 24 h Ji7 , 6 000 r/min 28 ¥ 5> 10 min
W B, M pH & 3.8, IMAZRKZIRZ
i, HCE T 30°C, 200 r/min $ERAKH 1 h; =
Y 8 000 r/min B> 5 min WEE 2,12 Z BRI
FI TS 25 R AN (45 °C)ZE T B2 L1 ; DSF Hf2
Y fAE 2 mL JOK HEEHPLC 204 FIFHAS
W5 FE—20 °CR 75 11 . HPLC A I B ]
100 pL Jo7k FHEE(HPLC 90) oo 42 iy, H
0.22 pm LIS B8 5 B 20 L A5 T HPLC
Lioaill8

HPLC 43 #7 77k : bAERE: 20 pL; C18
S ARG TEFE (4.6 mmx 150 mm, Agilent); 7 84 «
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KA B & 0.1%H R, HAIE AK(23%):H
f5%(77%), Hi 1 mL/min; 9% KA 212 nm;
Kol 24t 2 %(. Shimadzu prominence LC-20AT
system with UV220 detector, #3 4§ HPLC H 1% [i]
R SRR SN (55 23 F AR X 5 i
1.4 HfHEMST

Xce WAk YL ar EAEYI S 2 SCER[13]R1[19]
HEAT . W B AR TR Xee 8004 . R 28 8 #k Xee
JR4 il JRS 43530 2] NYG H 30 °C 200 r/min
B2 24 ha, TEEARI AR EE 2 ODgoo 14
298 1.0, FIHBT LS BRI E] 4 7 i i T
WA b, aksriEgE 2 s, W ItEgit i
SRR . BOR R R R A e, TR K
VE3 W, BWGH 1 mLNYG A, 10554
B2 107, 914 NYG SEH (7 Rif), 30 °C
B3R 29 36 h Ja BRI  SBURT B R SRS E
4 000 r/min 2 & 2.0 10 min 5 B FIHZ 0.22 pm
TUALUEREBR R 25 FH o AR PR 30 °C. 200 r/min
B , R T — B, 7 1%l
R3] 30T R IR 2 96 FLAR I, SRJFBEAR
CE R A sh A K2R, 52HC ODgoo $X1H,
o2 R 7 L7 REE SR Y =8 [ I A | b G s b
sk, g .
1.5 RSN HESKING ST

W AS T DR PR R 38 TR ARV BE 2 ODgoo 29 0
1.0, # 1% B2 Rl 25 4%/ A NYG
30 °C. 200 r/min 557 5 d, JA 4 ARG
K EEDITEMISN 208, ik ABie, SREH
ZORVITEY B S BT 60 CHLAS 74> TG
FREE . HLAMEGIN 2 225 SCHR[13]F1[20] 7 12 32
11, HAPEamEm e ik BAFRFEKQEC pl)
RFPENE 1% AR 4R 058 NYG -l L, 30 °CH;
7% 48 h JEUEIHE B HE RN, HARCHERM
HME AR R I TER BRI Tk AR
BFIREQ uL) SRR 0.1% A VPR VE# I NY G F

B b, 30°CH;35 36 h, FH 1:100 (FHH)H L/KI
W5 10 min, PR 70% MG B AR S
WEL L s BB R/, i BB 0 BLAR R/
PRSI E A Bl o 1 = K 1 4 25 I S
P AR pl) s M &4 0.5% (s
B BO IR H R4 4 K (carboxymethyl cellulose,
CMO)H NYG FH | 28 °CHi 3% 48 h JG A%y
20 mL 0.1%RISR4T(Congo red)%4 (4 30 h, 7Kk
2 %, F5H 20 mL 1 mol/L NaCl W i€ 2 ¥k,
FIRZ) 20 min, WMEIFF IR BEHEIR RN, B
Rl 1) LA K/ IMR R AT A Tl 7 i 1) i 1K o
1.6 EaHESH

W 7N T) R AR i 7 40 ) 3% 31 9k J8 — 34 (ODgo0
20 2.0)f5, B 2 pL R AT 3 0.6%B5HE
B 2B I A NY G 2 [ R B 5 54 b
1IEETF 30 CREFMEERESE 3 d, METI &
W IE KN, GETt 4 B A R B bk 09 1 4R 12 B0
(swarming)fg 1 =5 . 5280, HAZH A
R ZE A T 5 0.3 %30 I W B 8 A A H
T NYG 2 [ {455 57 HE P, I 7 A TR) Bk 17
VK3l (swimming)HE /7

2 HREM

2.1 XccfabZ BHiRLHKk DSF X557~
TP

A PR 2 iy 3 i SR AL BN L RS
PEA3HT, IEW] Xce FabZ HAA 3-BELNEEE ACP
KB IE T, S5 REMiREG M, H Xcc fabZ 2
DR, HEg 882k Xee JR4 (Ec
fabZ)Fll Xcc JR5 (Xcc fabz)!', i TRg iR & 1k
e R = #1 DSF 220556 sy, itk
Xce 12 5 g iR A BB, U 3-8 i 5t ACP
4 81§ FabH/FabB . 3-fi it ACP it )5} FabG
M 3- 5B ACP i /K/ A4 FabA, #B5% M
DSF (55 =g 101 /58 Xee FabZ J& 75

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



OER F | FaEERRET 3-FEERt ACP Bi/KEE FabZ FOEIRINEE 453

s DSF KAF5 a5, AWt E %eFIi DSF
FAF 5t B MR Xee FESSUOE Al EilliE TR
[F] R Pk ) DSF 2655 &, 45 RN, BAER
Xcc 8004 F1 Xce JRS (Xce fabZ) Bk it i FE R 7 A=
TEEIE R, TR AR Xee JR4 (Ec fabZ)
Ry o m3E R B (E 1A), 914360 Xee fabZ
W Ec fabZ &), 520 I DSF 2615 577 4t .
1 Xcc ArpfBArpfC Rtk fE ™ 4= K i DSF

ArpfBArpfC B #k A4 i 2 40 58 A8 bk . 1 Je s Xee
fabZ FR BORL pJR-4 S A Xcc ArpfBArpfC J& k15
— IR EHH IR Xcc JR6, AR5 #4 K IK Tk pJR-5
(Ec fabZ)F1 pJR-6 (Xcc fabZ)/rH5 A Xcc JR6
J7  AE S Gm Rif F1 10%EE8E NYGS FHy |,

A3 ST VEARAS LR 40 | X fabZ 1% fil s ) 4 58
Akk Xee JR9 (Ec fabZ)#i1 Xcc JR10 (Xcc fabz)., it
— A HPLC 3052 T AR E MR DSF 2515

K557, fF TG Sek i, AFSE E— A 7E Xee SR, R ER Xee ArpfBArpfC,
i B 1500 xee ArpfBArpfC DSF
1000 -
‘ 9 E = BDSF
E ool A IDSF
Xee 8004 Xce JR4 Xee JRS i / \ \
(Ec fabZ) (Xec fabz) 175 20, .5 250 275
g I 1 = BDSF 23007 l‘ﬂ\
4 (I [DSF 2200 Jﬁ.
X 100 F
: A L NL
52t a 175 200 225 250 275
=] a Time (min)
g b 1500 -
o m " % & 5 ¥ Xee JR10 (Xec fabZ) \
0 = M0 (fm | 5
¢ B D ¢ PP i
® g & @@ 2
@V Q)c r&\? @b %c @V &O ﬂ&o £
«Q Q O O N O O QY 500 -
c°v VRN VY 0Q~ @5 cﬁv c& §%~\
Pt T T /L
0
17.5 00 225 0
Time (mm)
1 A REIEHE DSF XES4M  A:DSF b bk, + 8 is et Uil 4 DSF 25(5%. B:HPLC

2 5E DSF K155
#57(P<0.05)
Figure 1

. C: DSF {555, T AFE DSF 2215 5 A0,

ANRIING RS

DSF-family signals tests of different strains. A: DSF family signals bioassay with reporter strain,

the formation of a blue halo indicates the presence of DSF-like activity. B: DSF-family signals tests with hplc
methods. C: The amounts of DSF-family signals of different strains. The relative amounts of DSF-family
signal molecules were calculated on the basis of their peak areas. Different lowercase letters indicate
significant differences between treatments based on the least significant difference at P<0.05.
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Xcc JR9 il Xec JR10 &R/~ A: T AR RIS ) DSF
B55, HoLHAG XRS5 K DSF b F 24
43K 1B).1H Xcc JRY (Ec fabZ);” 4 ()44 it DSF
KAF5 7 S0 W& PR, Horh DSF 7 5 Xee
ArpfBArpfC f9 22.5%, BDSF {UH 17.8%. Tfi
Xce fabZ ##e i #k Xce JR10 ) DSF K5 577
A TR (] 1C). LA 25U B, Xee FabZ
T DSF K55 7 A kAR, mHZ
NREARER KT 1 FabZ 4%
2.2 XccfabZ 5EFEMEHE%

Xcc 11 DSF K55 5EUETE R BAOC, 1M
Xcc FabZ 7E DSF 2K{55 - A il i R H#AVE AT,

KIGHFFH fabZ #4582 vE Y DSF 281557 i ik
HN R, HEW fabZ 7E Xec MO ECR LR H o & 5 AE
Mo i, FIHBTE IR T A . B se s
¥k Xcc JR4 (Ec fabZ)#il Xcc JRS5 (Xcc fabZ)fz 4L 2
FAEYH W, WE A R AR EowR T . 258 B,
3 PNRBRERRES R H W AR BE(E 2A), (HAS ]
RS B A 22 57, BFAETE Xee 8004 5
FE AR BE R B SEH{E N 10.7 mm, 1 Xcc JR4 #
MRS AR BTN 8.0 mm, S A BT
255+ o Xec JRS BIRBE - HI(E D 18.1 mm, &
FERTUFA TR Xee JR4 51RIIRBE B (F 2B),
Ui B PP 4 58 A8 bR I B0 ) 25 7 B 2

B

A B
24 = sk

18 .

g _

=

g2t

g
Xee 8004 Xcc JR4 (Ec fabZ) Xce JRS (Xee fabZ) E.; A

0 - -
Xcce 8004 Xcc JR4 Xcce JRS
28 Xce 8004
€ oy XecIRd4 N

3 £3 Xee IRS ns 1.0
=) 1
6 = ns =
= 1 —
o = —
2 6fF - = _
k = — S 05|
= 4L L — Q
F e — — ~e— Xcc 8004
=3 B — — —a Xce JR4
.g 2F R — = —& Xcc JRS
g 0 = — 0.0 ! |
« 1 70 12 24 36 48

5
Time (d)

2 T EIEHRBE RN

A: AREHRERETDERHFEE R B: SRR KES . C: i dhdiE

SEENE. D AR P AR Z M. *: P<0.05; ***.

P<0.001; ns: JC & 2SS

Figure 2 Pathogenicity assay of different strains. A: Leaves with lesion caused by different strains. B:
Lesion lengths of different strains. C: Colony counts in each lesion-exhibiting leaf. D: Growth analysis of
different strains in Chinese cabbage extracts. *: P<0.05; ***: P<0.001; ns: No significant difference.
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HY 41 TR 7 27 AR ) B T R
FOR T E IR R AR — I E T AN
FRRIE H M A P RS, 45R K 2C fr
TNo MEAE RGBS N, R TP A S
ER, 3 FREA BRI 1. 5 R
B S, (AfERYSE 10 Rip, Bk
Xcc JR4 (Ec fabZ) % 2 &L TR A TS, 1
Xcc fabZ #:3 [# Fk Xee TRS 1Y 50 5 B A= 7 G
258 o ABFGERIE T AN 6] B R TE 40
A LR, KRB Xee JRS SEPAEE K TG
WEES, H Xco JR4 A KH 5 TR
(# 2D), FEF LA 2554, 40 1R A B0 af
fEZ Xce JR4 Ui /1 85 R I 22—

2.3 Xcc fabZ 2 NapasN 2 HEFFRINEG = =

Xce TEE i R P& A Z R EUR IR T,
b LAk Z B (exopolysaccharide, EPS)¥EZE 3
TSR, SR RIERE . ik —
HohT 2 PR R AR R B E A B R
PR, ARBFSEINE T AR ERIESE 4%75H
I NYG B3R5 EPS i, 45K,
Ec fabZ #5875tk Xce JR4 B EPS ikl
3.6 mg/mL, S5¥A4:T Xcc 8004 (EPS jF=imly
4.6 mg/mL)JCRH B 255, {H Xcc fabZ B s 7Bk

A b sk B 120
sokok i\c,
1 £

- Z 80F
g 8r g
2 s 2

£ »

¢ L
m 4r e
=
5
(]
a7

Xce 8004 Xcc JR4 Xce JRS
E3 MINZHEQ)SHINEBME  *: P<0.05; **:

XccJRS (1) EPS p it g% b Jh, 1431 9.1 mg/mL,
VLR Xcc fabzZ 5 EPS 7= i B3 AH % (1 3A).

Xee KM FEME 2 101 ) L 237 A= MU St (27
Y ZK T . DE A R AR )l DR 4 A 4 DA fiE
TRYA DM AR5 E T AR
TR P LA I, 38 3 AN [ B AR A A 1Y
el HAT, 45 RIS A T Xee 8004 FHLEL,
Xce JR4 FREE LT UER T . VERY BRI 1B 10
FRRE, AU 76.0%. 77.8%F1 67.4%, i
Xcc JRS (MM ™ A7 Pr A2, 23K 5 B AR
F- 81 85%/A 4, KW Xee fabZ 52 fity
S B (18] 3B).
2.4 Xcc fabZ g200iE s

i B 5 55— E RR RN T A R AE
S5 Hp AT E JR A I S DR I N T AR R ) TR 4
g, Bl ERBURTER R E— R,
AW E ST SH 0.3%5EME NYG “FAR
W E T AFE RIS (swimming)fE 1, &3
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Figure 3 EPS production (A) and extracellular enzyme (B) assay. *: P<0.05; **: P<0.01; ***: P<0.001; ns:

No significant difference.
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Figure 4 Motility assay of different XccC strains. A: Swimming test on NYG plates with 0.3% agarose. B:

Swarming test on NYG plates with 0.6% agarose. C: Swimming circle diameter. D: Swarming circle diameter.
**: P<0.05; ***: P<0.001; ns: No significant difference.
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