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FadD A7, #A7RE Rt L IAAE R KE GMI1000 F RSc2857(RsFadD) B4 42 & #4841,
e L LA RS BE-CoA & B & 4 . KA PCR Y38 7 ik 3R 4% RsfadD A B , N\ A HAK pPBAD24M
J& EANKIAATH fadD R EM, RN TFHERFI. RsfadD 5 pET-28b i£d% /5, £ XM
% BL(DE3)¥ &k, AR Ni-NTA AR H A LR B AFE 1) RsFadD, 4R911Z RsFadD 49
Fh. ARARBREZAG R, KIF RsfadD SRR LM, R EMGERMEK, [42R] RsfadD
FAREANKIDAFE fadD FEM, WA R EAREAIEBR A BB A aIz A EA K, RN ER
W% RsFadD A EBE-CoA & mBaE M, *F REIHK N8Iy BRAR LA Fhk, (27& AT KA
@ FadD. RsfadD R EARERIn T E 48 KIE W BR 09 a3 fx EAAR IS A K, mAEFFIALA L
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Identification and function research of the fatty acyl-CoA
synthetase in Ralstonia solanacearum
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Abstract: [Objective] Ralstonia solanacearum, a devastating, soil-borne plant pathogen, causes
a bacterial wilt disease in diverse plants. Studies on the metabolic mechanisms of fatty acids will facilitate
the discovery of novel methods or biopesticides to efficiently control the bacterial wilt disease. [Methods]
RSc2857 (RsfadD) gene was found in the genome of Ralstonia solanacearum GMI1000 through sequence
alignment with Escherichia coli FadD, which was annotated to encode a fatty acyl-CoA synthetase
(FACS). For complementation analysis, RsfadD gene was amplified by PCR, and was ligated into
an expression vector pBAD24M, which was subsequently transferred into an E. coli fadD mutant JW1794.
The growth of transformant was analyzed. RsfadD was also fused in-frame to pET-28b, and expressed in
E. coli BL21(DE3). The hexahistidine-tagged RsFadD was purified by Ni-NTA, and the activity was
analyzed in vitro. RsfadD deletion mutant was obtained by homologous recombination, and the mutant
growth was also analyzed. [Results] RsfadD conferred the E. coli fadD mutant to grow on the minimal
medium with fatty acids as the sole carbon source. In vitro enzymatic analysis demonstrated that RsFadD
has FACS activity, and could utilize fatty acids of different chain lengths as substrates to form fatty
acyl-CoAs. While the activity of RsFadD was lower than that of E. coli FadD. RsfadD deletion mutant
grew well on nutritional medium, but grew weak on the minimal medium with fatty acids as the sole
carbon source. [Conclusion] All of above suggested that RsfadD encodes a FACS, which plays
an important role in fatty acids utilization. The weak growth of RsfadD deletion mutant on the minimal
medium indicated other genes encoding FACS may exist in the genome. This study will contribute to
further research about FACS and fatty acids utilizing mechanism in R. solanacearum.

Keywords: Ralstonia solanacearum, Fatty acid metabolism, Fatty acyl-CoA synthetase

-CoA

B- -CoAl™ (Pseudomonas

B- aeruginosa) 6 fadD

A (CoA)M -CoA (Fatty  fadDI—fadD6 fadD

acyl-CoA sythetase FACS) CoA  ATP FabD
-CoA FabD4
FACS ATP [5-6] (Pseudomonas putida)
-AMP -AMP  CoA -CoA FadD1 FadD2
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1 ME5hE
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54 450 1.1.1 Efk. RREEE:
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S BL21(DE3) fadD JW1794
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Table 1 Strains and plasmids

Strains or plasmids

Characteristics

Source

E. coli strains

BL21(DE3) ompT hsdS B 1B mB") (DE3) Lab collection
DH-5a ¢80d lacZAM15 endAlrecAlhsdR17(tK , mK") Lab collection
S17-1 Tc'Sm', recA, thi, pro, hsdR M RP4::2-Tc::Mu: Km::Tn7, Apir Lab collection
BW25113 Wild type strain of E. coli K-12 Lab collection
JW1794 BW25113 fadD::Km, fadR™ Lab collection
JW-HBI1 JW1794 complemented with pDY03 This study
JW-HB2 JW1794 complemented with pDY04 This study
JW-HB3 JW1794 complemented with pPBAD24M This study
R. solanacearum strains
GMI1000 Wide type Lab collection
RsYH1 Cm’, Km', pDY07 in GMI1000 This study
RsYH2 Cm', GM1000 AfadD This study
RsYH3 Cm', Km', GM1000 AfadD/pDY 08 This study
Plasmids
pMD19 Amp', T-vector TaKaRa
pBAD24M Amp', expression vector Lab collection
pET-28b Km', expression vector Lab collection
pK18mobsacB Km', conjugation vector Lab collection
PpSRK-Km Km', broad-host-range expression vector containing lac promoter and lacl’, lacZo™  [13]
pDYO1 Amp', E. coli fadD gene in T-vector Lab collection
pDY02 Amp', R. solanacearum fadD gene in T-vector This study
pDY03 Amp', EcfadD in pBAD24M This study
pDY04 Amp', RsfadD in pBAD24M This study
pDY05 Km', EcfadD in pET-28b This study
pDY06 Km', RsfadD in pET-28b This study
pDY07 Km', RsfadD in-fame deletion fragment inserted to pK18mobscaB between This study
EcoR 1/Hind 111 sites
pDY08 Km', RsfadD in pSRK-Km This study
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MgSO4 0.12 1.0) %2 FTAsIHFS
Table 2 Sequences of the PCR primers
o, o
0.2%( ) 1% ( Primer name Primer sequence (5'—3’) Size (bp)
) (Brij-58) RsfadD Nde 1 AGGCATATGGAGAAACCG 32
TGGCTGAAGCACTA
30 mg/mL (Cm) 100 mg/L RsfadD Hind 111 CCCAAGCTTTTGCCTTACG 30
EcfadD Nde 1 AGGCATATGAAGGTTTGG 25
(Ara) 0.02% -B-D- CTTAACCG
(IPTG) 1 mmol/L EcfadD Hind 111 AATAAGCTTTCAGGCTTTA 30
) . TTGTCCACTTTG
1.1.2 FZERFIFLIE: T4 DNA RsfadD P1 EcoRT ~ TAGGAATTCATGGAGAAA 29
CCGTGGCTGAA
Tag  Pfu DNA Marker DL2000 RsfadD P2 CCTGCGGACGCGTGGCCA 30
T DNA CGACGATGTGCT
RsfadD P3 CTGGGCCAGCGGTCCGCA 30
TaKaRa GGTCATGGCCGG
IPTG RsfadD P4 Hind Il ACTAAGCTTACGCGCGCT 26
. TCTTCATCG
Sigma PCR RsfadD checkup ~ TGTCTGGTGACGCGTGCC 18
( ) RsfadD check down ATCGACATTCGCCAGGAGA 19
Note: The underlined sequences are the introduced restriction sites.
PCR
pDY07 S17-1
GMI1000 BG 30 °C 48 h
1.2 DNA EAHKA 1 mL BG 107
BW25113 Cm Km BG 30 °C
GMI1000 2 PCR 48-72 h
fadD (EcfadD) DNA RsfadD Pl P4 PCR
fadD (RsfadD) RsYH1
pMD19-T BG (Cm) 36 h Cm
pDYO1(EcfadD) pDYO02(RsfadD) Ndel 10% BGS PCR RsfadD
Hind I11 RsYH2
pBAD24M pDYO03(EcfadD) 14 EHRBREES B
pDY04(RsfadD) pET-28b pDYO05(EcfadD)  pDYO6(RsfadD)
pDY05(EcfadD) pDYO06(RsfadD) RsfadD BL21(DE3)  FadD
pSRK-Km pDYO08 [14-15] [16-17]
1.3 FRIERKE fadD KT HRRIME
GMI1000 DNA CoA:ACP (FabD) 3- ACP
PCR RsfadD 500 bp (FabG) 3- ACP / (FabA)
PCR ACP (Fabl) ACP
RsfadD (UpDn) EcoR'1  Hind 111 (AasS) holo-ACP
pK18mobsacB pDY07 Rsp1094 ACP ACP
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ACP ACP A (CoA) -CoA( 1A)
1.5 BEEt-CoA & AUBBIRIMINREML T S 1ELIE S GMI1000
M Y -Co
FadD -CoA (EcFadD) GMI1000
[15] 50 pL RSc2857 ( RsfadD) fadD
0.1 mol/L Tris-HCI (pH 8.0) 50 umol/L NADH -CoA
50 umol/L NADPH 1 mmol/L B- 100 umol/L RsFadD 569 EcFadD
-CoA 1 mmol/L CoA 50 pmol/L 72% 57% EcFadD
Holo-ACP 25 mmol/L MgCl, 25 mmol/L ATP ATP/AMP
100 pmol/L FabD FabG (1]
FabA Fabl 0.1 pg 0.1 pg RsFadD
FadD 37 °C 1 h 17.5% ( 1B 10)
2.5 mol/L RsfadD -CoA
-CoA [5]
A (CoA-SH) 2.2 BEEEANKBE fadD BT
0.15 mol/L Tris-HCI (pH 7.2) 1 mmol/L TW1794 BW25113  fadD
A (CoA) 10 mmol/L MgCl, 2 mmol/L EDTA
0.1% Triton X-100 1 mmol/L 1 ng FadD 20] RsfadD
37°C 20s  75uL 600 pL pBAD24M
55" (2- ) (DTNB 0.4 mmol/L) pDYO04(RsfadD) ~ pDYO03(EcfadD)
412 nm pDY04(RsfadD) JW1794
2 HR54H
21 EMEREN 2 TW1794
-CoA (FACS) pBAD24M pDYO03(EcfadD)
A
R _oH R S-CoA
Y +ATP+CoA-SH e Y +AMP+PPi
O O
B ATP/AMP signature motif
EcFadD 356 [CHRGECENAN | B3
RsFadD KA G Y G L S E
C Fatty acid binding motif
oo e 5
RsFadD 442...... 450
1 EF#-CoA & REEHE L KK AR RsFadD fR<F JTi LE RS
Figure 1 FACS catalyzed reaction and alignment of RsFadD conserved motifs
A -CoA B ATP/AMP C

Note: A: FACS catalyzed reaction; B: Alignment of ATP/AMP signature motif; C: Alignment of fatty acid binding motif.
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37 °C RsFadD
( ) Ni-NTA
N His-tag RsFadD
SDS-PAGE 63.3 kD
( 34)
(RsfadD) FadD (EcFadD)
A (CoA) -CoA
2 RsfadD ER BN KBAFE fadD REHE IW1794 RsFadD
Figure 2 Complementation of E. coli fadD mutant JW1794 RsFadD
with RsfadD
-CoA
pDYO04(RsfadD) FabW(RSp0194) 3- ACP
RsfadD I -CoA
-CoA ACP (Malonyl-ACP) 3- ACP
fadD 3- ACP (FabG) 3-
2.3 MRIERKE FadD MIRIZGEU SBEF 2 ACP (FabA) ACP (Fabl)
RsFadD ACpl'®
RsfadD pET-28b -CoA
pDYO06(RsfadD) pDYO06 BL(DE3) ( 3B) 3 RsFadD
A B 1 2 3 4 5 6 7
kD M : holo-ACP —»
97.4 —
66.2 — Cy0-ACP —>
L Cyo-ACP —>
43.0 — C0o-ACP —
C,,-ACP —
31.0 — C 600
m RsFadD
O EcFadD
=+
14.4 — E
=)
= 200 ﬂ
0 j
C(v 0 C?H) Cl():() Cll,() C]-l 0 C](\ 0
3 RsFadD % R ARG RS RO BEIE 1 5 47
Figure 3 Enzymatic characterization of RsFadD with fatty acids of different chain length
A RsFadD B RsFadD 1357 ACP (Ce0-ACP) ACP (Cs-ACP) ACP
(Ci00-ACP) ACP (Ci20-ACP) 2 4 6 (Ce0) (Cga) (Ci00) C RsFadD

Note: A: RsFadD purification. M: Protein marker, 1: RsFadD; B: Electrophoretic analysis of products catalyzed by RsFadD. The migration
positions of hexanoyl-ACP (Cg.0-ACP), octanoyl-ACP (Cs.c-ACP), capryl-ACP (Cio.0-ACP) and lauryl-ACP (Ci2.0-ACP) are shown in lane
1, 3, 5, 7 respectively; C: Activity determination of RsFadD with fatty acids of different chain length.
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(Cg;o) -CoA (Cg;o-COA) RsfadD 4A
RsFabW/G/A/T ACP RsfadD
(C10.0-ACP) (lane 4) RsFadD RsfadD pDY07,
-CoA (Cy0:0-CoA) S17-1
ACP (C2.0-ACP) (lane 6) RsFadD GMI1000 BG (Cm Km)
-CoA (Cg,0-CoA) RsYH1 RsYH1 10%
ACP (Cs,0-ACP) RsFabW BG (Cm) Km
ACP ACP RsfadD Check Up  Check Down (1)
ACP (Cy0.0-ACP) (lane 2) PCR 1.0 kb
RsFadD -CoA fadD ( 4B
40) fadD
RsFadD RsYH2 RsfadD
3C EcFadD RsFadD pDYO08 RsYH2 RsYH3
(Cs:0Cie:0) 2.5 FRIERIKE RsfadD REVRIEIR D
(Ci40) RsfadD RsYH2
(Clﬁ;()) RsFadD BG RsYH2
(Ce:0~Cie:0) EcFadD GMI1000 ( )
50% (
2.4 FARIERIKHE RsfadD ERRTEHEHIIE )
fadD -CoA 3 GMI1000
A B Up fadD Dn
— ' —
E. coli S17-1 1d-tvpe GMI1000 l€ |
wild-type GMI1000 ‘ 1L.9kb |
Up fadD Dn
— .
CH
RsYH2
Conjugation C Kb
Up fadDDn  UpDn
RsYH] | —(CDER-— 'mm— 2.0
CH
1.0
l 0.75
Up Dn 0.5
RsYH2 |— - 0.2
CH 0.1
B 4 RsfadD BiFRZRTHE RsYH2 BIHIE
Figure 4 Construction of RsfadD deletion mutant RsYH2
A RsfadD B fadD C fadD PCR

Note: A: Strategy of RsYH?2 isolation; B: Genetic organization of the fadD region in GMI1000 or RsYH2; C: PCR analysis of genomic DNA
from GMI1000 (lane 2) and RsYH2 (lane 3). CH: Chromosome; Up: The upstream fragment of RsfadD; Dn: The downstream fragment of
RsfadD.
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#x3 MEERREEARKEERE LHEKRER RsFadD -CoA
Table 3 Growth of R. solanacearum strains on different Rs fa dD
carbon sources

Strains Cso Cso Cio Cio Cuo Ciso  Ciga

GMI100 +4 +4 +5 3 43 +2 45 RsfadD -CoA
RsYH2 +1 +2 +2 +1 +1 - -

RsYH3 2 +3 3 2 +2 +1 2

fadD -CoA
- + 6 d . +1
+5 . JadD
Note: —: No growth on a plate; +: Growth after 6 days. +1: Very RsfadD
little growth; +5: Heavy growth.
RsfadD -CoA
RsYH2 (Ci60)
-CoA (71
(Cis) RsYH3
RsYH2
RsfadD -CoA -CoA
RsYH?2
RsFadD
-CoA FadD (EcFadD)
EcFadD  ATP/AMP 361
3 SiREWR Pl RsFadD 360 (
FadL EcFadD 1B)
-CoA
(FadD) -CoA B- (Xanthomonas campestris pv.
-CoA  ATP FadD campestris)  RpfB -CoA
DSF
(Diffusible signal factor)
[20.23] RsFadD
FadD
B-
[21-22] -CoA (>C]0;0) B_
-CoA -CoA (Cs:0~Cio:0)
FabW
-ACP (Malonyl-ACP)
RSc2857(RsfadD) fadD RsFadD
ATP/AMP s .
2 % x ¥
RsfadD fadD
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