Supplementary Materials
Supplementary tables
Table S1. Strains and plasmids used in this work.
	Strains and plasmids
	Relevant characteristics a
	Source

	Strains
	
	

	 E. coli strains

	DH5α
	F-, (ϕ80 ∆lacZ ∆M15) ∆(lacZYA- argF)  U169 recA1 endA1 hsdR17 (rk- mk+) 
	Laboratory collection 

	BL21 (DE3)
	E. coli B; F-, dcm omp rB-mB- (λDE3)
	Laboratory collection

	S17-1
	F-, thi pro hsdR [RP4-2 Tc::Mu Km::Tn7 (Tp Sm)]
	Laboratory collection

	JP1111
	Hfr galE45 fabI392 (Ts) relA1 spoT1
	Laboratory collection 

	S. meliloti strains

	Rm1021
	Wild type
	Laboratory collection 

	YH1
	 Rm1021 ∆fabI1
	This study

	YH2
	 Gmr; Rm1021 ∆fabI1carrying the S. meliloti fabI1-encoding plasmid pYH14 
	This study

	YH3
	Gmr; Rm1021 ∆fabI1 carrying the S. meliloti fabI2-encoding plasmid pYH15
	This study

	YH4
	[bookmark: OLE_LINK3]Gmr; Rm1021 ∆fabI2 strain carrying the S. meliloti fabI2-encoding plasmid pYH15
	This study

	YH4-1
	Kmr; Rm1021 fabI2 single-crossover integrants
	This study

	YH5
	Gmr; Rm1021 ∆fabI2 strain carrying the E. faecalis fabI-encoding plasmid pYH16
	This study

	YH6
	Gmr; Rm1021 ∆fabI1 ∆fabI2 strain carrying the S. meliloti fabI2-encoding plasmid pYH15
	This study

	YH7
	Gmr; Rm1021 ∆fabI1 ∆fabI2 strain carrying the E. faecalis fabI-encoding plasmid pYH16
	This study


	YH8 
	Gmr; Rm1021 carrying the S. meliloti fabI1-encoding plasmid pYH14
	This study

	YH9
	Gmr; Rm1021 carrying the S. meliloti fabI2-encoding plasmid pYH15
	[bookmark: OLE_LINK1]This study

	YH10
	Gmr; Rm1021 carrying the S. meliloti fabB-encoding plasmid pYH11
	This study

	 Plasmids
	
	

	pMD19-T
	Ampr; TA clone vector
	Takara

	pBAD24M
	Ampr; pBAD24 NcoI site replaced by NdeI site
	Laboratory collection 

	pSRK-Gm
	Gmr; pBBR1MCS-2-derived broad-host-range expression vector containing the lac promoter, lacIq, and lacZα+
	Laboratory collection

	pET-28(b)
	Kmr; protein expression vector
	Novagen

	pK18mobsacB
	Kmr; sacB-based gene replacement vector
	Laboratory collection 

	pYH1
	Ampr; S. meliloti fabI1 DNA fragment inserted into pMD19-T vector
	This study

	pYH2
	Ampr; S. meliloti fabI2 DNA fragment inserted into pMD19-T vector
	This study

	pYH3
	Ampr; pBAD24M carried S. meliloti fabI1-encoded gene
	This study

	pYH4 
	Ampr; pBAD24M carried S. meliloti fabI2-encoded gene
	This study

	pLF3
	Ampr; pBAD24M carried E. coli fabI-encoded gene
	This study

	pYH8
	Kmr; pET-28(b) carried S. meliloti fabI1-encoded gene
	This study

	pYH9
	Kmr; pET-28(b) carried S. meliloti fabI2-encoded gene
	This study

	pYHD
	Kmr, pET-28(b) carried S. meliloti fabD-encoded gene 
	This study

	pYHH
	Kmr, pET-28(b) carried S. meliloti fabH-encoded gene 
	This study

	pYHG
	Kmr, pET-28(b) carried S. meliloti fabG-encoded gene 
	This study

	pYHB
	Kmr, pET-28(b) carried S. meliloti fabB-encoded gene 
	This study

	pYHZ
	Kmr, pET-28(b) carried S. meliloti fabZ-encoded gene 
	This study

	pYHA
	Kmr, pET-28(b) carried S. meliloti fabA-encoded gene 
	This study

	pYH10
	Gmr; pSRK-Gm carried E. coli fabI-encoded gene
	This study


	pYH11
	Gmr; pSRK-Gm carried S. meliloti fabB-encoded gene
	This study

	pYH12
	Kmr; 1,000 bp DNA fragment used to deleted S. meliloti fabI1 was cloned between HindIII and EcoRI sites in pK18mobsacB
	This study

	pYH13
	Kmr; 1,000 bp DNA fragment used to delete S. meliloti fabI2 was cloned between HindIII and BamHI sites in pK18mobsacB 
	This study 

	pYH14
	Gmr; pSRK-Gm carried S. meliloti fabI1-encoded gene
	This study

	pYH15
	Gmr; pSRK-Gm carried S. meliloti fabI2-encoded gene
	This study

	pYH16
	Gmr; pSRK-Gm carried En. faecalis fabI-encoded gene
	This study

	pYH17
	Gmr; pSRK-Gm carried P. aeruginosa fabV-encoded gene
	This study


a Gm, Km, and Amp denote resistance to gentamicin, kanamycin and ampicillin, respectively.

,Table S2. Sequences of the PCR primers used in this study
	Primer name
	Primer sequence (5′ to 3′)
	Digestion sites α

	EcfabI NdeI
	GATTACCATATGGGTTTTCTTTCCGGTAAGCGC
	NdeI

	EcfabI HindIII
	CTGACTAAGCTTATTTCAGTTCGAGTTCGTTC
	HindIII

	SmfabI1NdeI
	TTGGGGACATCATATGGCTCAG
	NdeI

	SmfabI1HindIII
	TTCCAAGCTTCAAAGGCTGTCAATCCTTC
	HindIII

	SmfabI2NdeI
	CGGATAACCATATGAACGGATTG
	NdeI

	SmfabI2HindIII
	AATCACAAGCTTTAATCCGCG
	HindIII

	SmfabI1upfor
	AGCAGAATTCTGCCGATCGATCTTCAGAAC
	EcoRI

	SmfabI1uprev

	GCTGTCTAGAGGATCCATATGATGTCCCCAATACTG
	

	SmfabI1dnfor

	ACATCATATGGATCCTCTAGACAGCCTTTGCTCGACAG
	

	SmfabI1dnrev
	GTTGAAGCTTCAGTTCGGGAAGCGTGTAG
	HindIII

	SmfabI2upfor
	TATAAGCTTGCTGGAGCACGCCAAGGC
	HindIII

	SmfabI2uprev
SmfabI2dnfor
	CGTGTTATCCGTTATAGCGC
GCGCTATAACGGATAACACGATCGCGTGATTGCCAC
	

	SmfabI2dnrev
	AGTGGATCCGAATGCGCCTTCGACGGC
	BamHI

	HW 1
	ACGGACGGCCAGGCGAT
	

	HW 2
	GACCGTAGGCCGCGTCA
	

	HW 3
	GCCATGAAGATCTCGACTG
	

	HW 4
	CTCAAGGGCATCGATCTGT
	

	RTSmfabA for
	ATGAACACCAGACAATCCAGC
	

	RTSmfabABI2 rev
	GATAGGTGAAGGCGAGCTCTG
	

	RTSmfabAB rev
	GATCTGGAACCAGGTCGC
	

	RTSmfabB for
	CGATCAGAAGGAGATCGG
	

	RTSmfabI2 rev
	GCGACACCCATGACGTTG
	


α Underlined nucleotide sequences are the restriction endonuclease digestion sites.


Table S3. Analysis of fatty acid composition of E. coli strain JP1111 expressing various ENR encoding genes 
	Fatty acid
	Composition (%)

	
	E. coli fabI
	S. meliloti fabI1
	S. meliloti fabI2

	n-C14:0
	3.04 ± 0.29
	2.82 ± 0.69
	2.65 ± 0.22

	n-C14:0-3-OH
	19.96 ± 1.03
	20.39 ± 0.45
	18.57 ± 1.97

	n-C16:1
	8.40 ± 1.06
	9.74 ± 0.05
	9.71 ± 1.09

	n-C16:0
	28.14 ± 2.09
	30.04 ± 0.02
	24.19 ± 2.13

	n-C17:0-cyc
	10.00 ± 1.35
	7.26 ± 0.06
	10.34 ± 0.40

	n-C18:1
	21.78 ± 2.45
	24.12 ± 0.38
	29.23 ± 1.53

	n-C18:0
	5.54 ± 1.03
	4.40 ± 0.08
	2.79 ± 0.18

	n-C19:0-cyc
	3.15 ± 0.35
	1.23 ± 0.03
	2.53 ± 0.07

	UFA/SFA
	1.18 
	1.20 
	1.57 


[bookmark: OLE_LINK2]Note: n-C14:0, tetradecanoic acid; n-C14:0-3-OH, 3-hydroxyl-tetradecanoic acid; n-C16:1, palmitoleic acid; n-C16:0, palmitic acid; n-C17:0-cyc, cis-9,10-methylene palmitic; n-C18:1, cis-11-octadecenoic acid; n-C18:0, octadecanoic acid; n-C19:0-cyc, cis-11,12-methylene octadecanoic acid. UFA include n-C16:1, n-C17:0-cyc, n-C18:1 and n-C19:0-cyc fatty acids; SFA include n-C14:0, n-C16:0 and n-C18:0 fatty acids.


Table S4. Analysis of fatty acid composition of S. meliltoi Rm1021 strain with overexpression of various fab genes
	Fatty acid
	Composition (%)

	
	Empty vector
	Sm fabI1
	Sm fabI2
	Sm fabB

	n-C14:0-3-OH
	17.44 ± 2.10
	16.02 ± 1.35
	12.22 ± 0.72
	12.58 ± 0.76

	n-C16:0
	6.92 ± 0.77
	14.30 ± 0.45
	12.37 ± 0.79
	4.68 ± 0.61

	n-C16:1
	2.21 ± 0.79
	1.27 ± 0.08
	0.58 ± 0.51
	3.03 ± 0.53

	n-C16:0-3-OH
	2.24 ± 1.37
	9.47 ± 0.13
	20.52 ± 0.25
	1.35 ± 0.50

	n-C18:1
	60.79 ± 2.16
	41.38 ± 0.97
	37.30 ± 1.68
	66.80 ± 1.47

	n-C18:0
	6.92 ± 0.77
	14.30 ± 0.45
	12.37 ± 0.79
	4.68 ± 0.61

	n-C18:2
	1.89 ± 0.30
	1.37 ± 0.10
	1.89 ± 0.26
	2.89 ± 0.38

	n-C18:0-3-OH
	5.41 ± 0.65
	9.72 ± 0.70
	8.41 ± 0.94
	4.07 ± 0.34

	n-C19:0-cyc
	3.12 ± 1.10
	6.48 ± 0.16
	7.45 ± 0.40
	4.59 ± 1.34

	UFA/NUFA
	2.12 
	1.02 
	0.87 
	3.41 



Note: n-C14:0-3-OH, 3-hydroxyl-tetradecanoic acid; n-C16:0, palmitic acid; n-C16:1, palmitoleic acid; n-C16:0-3-OH, 3-hydroxyl-palmitic acid; n-C18:0, octadecanoic acid;
n-C18:1, cis-11-octadecenoic acid; n-C18:2, cis-9, cis-11-octadecadienoic acid; n-C18:0-3-OH, 3-hydroxyl-octadecanoic acid; n-C19:0-cyc, cis-11,12-methylene octadecanoic acid. UFA include n-C16:1, n-C18:1, n-C18:2 and n-C19:0-cyc fatty acids; the NUFA include the n-C14:0-3-OH, n-C16:0, n-C16:0-3-OH, n-C18:0 and n-C18:0-3-OH fatty acids. Empty vector, pSRK/Rm1021; Sm fabI1, pSRK-Sm fabI1/Rm1021; Sm fabI2, pSRK-Sm fabI2/Rm1021; Sm fabB, pSRK-Sm fabB/Rm1021


Table S5. The ENR activities of S. meliloti FabIs with various enoyl-ACPs
	Substrates 
	S. meliloti FabI1
(nmol/(min*μg))
	S. meliloti FabI2 (nmol/(min*μg))

	Crotonyl-CoA
	3.21 ± 0.68
	0.19 ± 0.06

	trans-2-hexenoyl-ACP
	0.60 ± 0.14
	0.28 ± 0.06

	trans-2-octenoyl-ACP
	1.16 ± 0.17
	0.35 ± 0.12

	trans-2-decenoyl-ACP
	1.00 ± 0.07
	0.23 ± 0.03

	trans-2-dodecenoyl-ACP
	0.26 ± 0.05
	0.39 ± 0.05






Supplementary figures
Fig. S1
[image: ]
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Fig. S1. Construction and characterization of S. meliloti fabIs mutant strains. (A) Characterization of fabI1 mutant strain. Section a display the diagrams depicting the fabI1 deletion mutant and the wild-type allele, and section b shows the PCR analysis of genomic DNA extracted from the two strains. Lane 2, the PCR product from the fabI1 deletion mutant; lane 3, the PCR product from the wild-type strain. (B) Characterization of fabI2 mutant strains. Section a shows the maps of the fabI2 deletion mutant and wild-type allele. Section b shows the PCR analysis of genomic DNA extracted from the strain YH4 (pSRK-fabI2/∆fabI2). Lane 2, PCR product of the ΔfabI2 allele from genomic DNA of strain YH4 with primer pair HW3/HW4; lane 3, PCR product of the fabI2 allele from genomic DNA of wild-type strain with the same primer pair HW3/HW4; lane 4, PCR product of fabI2 allele from plasmid pSRK-fabI2 of strain YH4 with the M13 primer pair. Section c shows the PCR analysis of genomic DNA from strain YH5 (pSRK-Ef fabI/∆fabI2). Lane 2, PCR product of ΔfabI2 allele from genomic DNA of strain YH5 with primer pair HW3/HW4; lane 3, PCR product of fabI2 allele from genomic DNA of wild-type strain, using the same HW3/HW4 primer pair; lane 4, PCR product of E. faecalis fabI allele from plasmid pSRK-Ef fabI of strain YH5 with the M13 primer pair.


Fig. S2
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Fig. S2. Growth of S. meliloti fabIs mutant strains in TY liquid medium. (A) Growth of S. meliloti fabI1 mutant strain in TY liquid medium. Empty square indicates S. meliloti wild-type strain Rm1021; filled circle indicates fabI deletion strain YH1; filled triangle indicates YH2 which YH1 carrying fabI1-encoded plasmid pYH14. (B) Growth of S. meliloti fabI2 mutant strains in TY liquid medium. Empty square indicates S. meliloti wild-type strain Rm1021; filled triangle indicates fabI2 deletion strain YH4; filled diamond indicates fabI2 deletion strain YH5. (C) Growth of S. meliloti fabI1 and fabI2 double-mutant strains in TY liquid medium. Empty square indicates S. meliloti wild-type strain Rm1021; empty triangle indicates fabI deletion strain YH1; filled diamond indicates fabI1 and fabI2 double-deletion strain YH6; filled circle indicates fabI1 and fabI2 double-deletion strain YH7.


Fig. S3 
[image: ]
Fig. S3. PCR and RT-PCR analyses of the fabA-B-I2 operon. (A) Genetic organization of the fabA-B-I2 operon. The green arrows represent open reading frames, and the small, numbered arrows correspond to the primers. 1, RTSmfabA for; 2, RTSmfabABI2 rev; 3, RTSmfabAB rev 4, RTSmfabB for; 5, RTSmfabI2 rev (table S2). The primer pairs used are shown above the bracket. (B) Results of PCR and RT-PCR analyses of the fabA-B-I2 operon. D stands for total DNA; C stands for cDNA.




Fig. S4
[image: ]

Fig. S4. Purification of fatty acid synthetic enzymes of S. meliloti and reduction of enoyl-ACPs by S. meliloti FabIs. (A) Expression and purification of fatty acid synthetic enzymes of S. meliloti. Lane 1, FabA protein; lane 2, FabI1 protein; lane 3, FabI2 protein; lane 4, FabD protein; lane 5, FabG protein; lane 6, FabH protein; lane 7, FabB protein; lane 8, FabZ protein. (B) Reduction of enoyl-ACPs by S. meliloti FabIs. The reaction mixture contained sodium phosphate buffer (pH 7.0), 2-mercaptoethanol, 3-hydroxy-acyl-ACP, S. meliloti FabA, and ENR enzyme (S. meliloti FabI1, FabI2, or E. coli FabI). 3-OH-C10-ACP, 3-hydroxy-decanoyl-ACP; 3-OH-C14-ACP, 3-hydroxy-tetradecanoyl-ACP. Lane 1, 3-Hydroxy-acyl-ACP; lane 2, products of dehydration catalyzed by FabA; lane 3, products of reduction catalyzed by FabI1; lane 4, products of reduction catalyzed by FabI2; lane 5, products of reduction catalyzed by FabI1.
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