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Supplementary Table S1. Strains used in this study.
	Strain
	Description
	Source

	E. coli S17-1
	thi pro hsdR hsdM+ recA::(RP4-2-Tc::Mu-Km::Tn7) λpir, Smr
	1

	R. palustris CGA009
	Wild type
	2

	YC1
	CGA009 with RPA1206 gene deletion
	This study

	YC2
	CGA009 with RPA1206, RPA1687 and RPA1725 genes deletion
	This study

	YC3
	YC2 with ispA promoter replaced by Plac 
	This study

	YC4
	YC2 with both ispA and crtE promoters replaced by Plac
	This study

	YC5
	CGA009 with ispA promoter replaced by Plac
	This study

	YC6
	CGA009 with both ispA and crtE promoters replaced by Plac
	This study

	RVA1
	CGA009 harboring plasmids pBRT334O-CouBA and pGenT334O-ADH2
	This study

	RVA2
	YC1 harboring plasmids pBRT334O-CouBA and pGenT334O-ADH2
	This study

	RVA3/RHBA1
	YC2 harboring plasmids pBRT334O-CouA and pGenT334O-ADH2
	This study

	RVA4/RHBA2
	YC4 harboring plasmids pBRT334O-CouA and pGenT334O-ADH2
	This study

	PE1
	CGA009 harboring plasmids pBRT334O-ThiM-IPK-Idi and pGenT334O-GPPSps
	This study

	PE2
	YC5 harboring plasmids pBRT334O-ThiM-IPK-Idi and pGenT334O-GPPSps
	This study

	PE3
	YC6 harboring plasmids pBRT334O-ThiM-IPK-Idi and pGenT334O-GPPSps
	This study





Supplementary Table S2. Oligonucleotides used in this study.
	Ppuc-F
	CGGAATTCTGGACGATGGTCAAATCCG

	Ppuc-R
	TTGGTACCTCCTCCTGAGAGACTTACG

	Ppuf-F
	CGGAATTCAGGGTTCTTCCGGATAGT

	Ppuf-R
	TTGGTACCTCACCTCCTAGTGATGG

	PbchP-F
	CGGAATTCTGCTCGATCGCTGGCTCG

	PbchP-R
	TTGGTACCCGGCTCCGTCTCCTTCCG

	PcrtE-F
	CGGAATTCTAACGCTTCGCTTCCGCA

	PcrtE-R
	TTGGTACCACACTCCCGCGCTTCAGG

	Pt334O-F
	CGGAATTCTGTCTCTCTCCTGCCGTCC

	Pt334O-R
	TTGGTACCGGCAAAATTGTCCCTTTTCAAGTGCCTCCTTCAGATGCAA

	Plac-F
	CGGAATTCCGCAACGCAATTAATGTG

	Plac-R
	TTGGTACCGCTGTTTCCTGTGTGAAA

	Ptac-F
	CGGAATTCCGGTTCTGGCAAATATTC

	Ptac-R
	TTGGTACCTCCTGTGTGAAATTGTTA

	Gen-F
	GACAGGATGAGGATCGTTTCGCATGTTACGCAGCAGCAACG

	Gen-R
	GTCATTTCGAACCCCAGAGTCCCGCTTAGGTGGCGGTACTTGG

	ThiM-F
	TTCGTCTCGGATCCGAGGAGGTATATTATGCAAGTCGACCTGCTGG

	ThiM-R
	TTCGTCTCACTCCTCATGCCTGCACCTCCTGC

	IPK-F
	TTCGTCTCAGGAGGTATATTATGGAGCTGAATATTTCCG

	IPK-R
	TTCGTCTCATCCTCTACTTTGAGAATCTGATG

	Idi-F
	TTCGTCTCAAGGAGGTATATTATGCAAACGGAACACGTC

	Idi-R
	TTCGTCTCCTCGAGTTATTTAAGCTGGGTAAATGC

	GPPSps-F1
	TTGGTCTCGGATCCGAGCAGAGGAGAACTAGTAT

	GPPSps-R1
	TTGGTCTCACGACACCTTGCCGTTTTCATAATA

	GPPSps-F2
	TTGGTCTCTGTCGTGCGGCCATCGGATC

	GPPSps-R2
	TTGGTCTCCTCGAGTCAGAGGGGGACCGACTCG

	couA-F
	TTCGTCTCAAGCTTAGGAGGAATAAAGTGCTCACAGGAAACGCTCA

	couA-R
	TTCGTCTCCTCGAGTCAGCTCGGCCGAACCTTGG

	couB-F
	CGGGATCCAGGAGGAATAAAGTGATGGACGCCATGACCGA

	couB-R
	AGAGAAGCTTTCACTCCAGCGCAATCACAT

	ADH2-F
	CGGGATCCAGGAGGAATAAAATGTCTATTCCAGAAACTCA

	ADH2-R
	AGAGACTCGAGTTATTTAGAAGTGTCAACAACG

	ispA-uF
	TTGGTACCTCTGGAACGCTTCACCGA

	ispA-OE-uR
	ATTAATTGCGTTGCGGGAGCACTTCCGAATGGC

	Plac-OE-iF
	ATTCGGAAGTGCTCCCGCAACGCAATTAATGTG

	Plac-OE-iR
	CGGCCGAATTTTATCTGCTGTTTCCTGTGTGAAA

	ispA-OE-dF
	ACACAGGAAACAGCAGATAAAATTCGGCCGGACC

	ispA-dR
	GCTCTAGACTCCTTGGCGGACAACTGCG

	crtE-uF
	GCTCTAGAACCGCAATAGGTCGCATAGC

	crtE-OE-uR
	TTAATTGCGTTGCGCAGGCACAAGTGTCAGTTTA

	Plac-OE-cF
	CTGACACTTGTGCCTGCGCAACGCAATTAATGTG

	Plac-OE-cR
	CATGGCCACACTCCCGCTGTTTCCTGTGTGAAA

	crtE-OE-dF
	ACACAGGAAACAGCGGGAGTGTGGCCATGGACG

	crtE-dR
	TTGGTACCGGCAACCTGATAGGCTTCG

	ALDH1-F1
	AGAGGAGCTCATCTTCACCTGGCGTTCCT

	ALDH1-OE-R1
	CTCATCACAACGATGGCCCACTCGGCTTCTTCTA

	ALDH1-OE-F2
	AGAAGCCGAGTGGGCCATCGTTGTGATGAGGTTCA

	ALDH1-R2
	TTGGTACCTGAGAATGACGACACTGCCG

	ALDH2-F1
	GCTCTAGAGCCATCGTGCTGGGTGAGT

	ALDH2-OE-R1
	TTTCATCGCATGTTCGGCGGCTGTCGAAGGTGCTG

	ALDH2-OE-F2
	ACCTTCGACAGCCGCCGAACATGCGATGAAAGCTG

	ALDH2-R2
	TTGGTACCGGGTGCCAACGAAACCAAGC

	ALDH3-F1
	GCTCTAGACTGGCGGAAGTCGGACGGGTG

	ALDH3-OE-R1
	ATCGTCAAGAGATCACAGGCTTTGCAGGATGGCGGT

	ALDH3-OE-F2
	CATCCTGCAAAGCCTGTGATCTCTTGACGATGAGCG

	ALDH3-R2
	GGGGTACCTGTCGATACCGACATAGGTG

	16Sr-qPCR-F
	GTCATCCCCACCTTCCTCGC

	16Sr-qPCR-R
	ATGGCTGTCGTCAGCTCGTG

	ispA-qPCR-F
	GACGAAGGTGGTCTTGCCGA

	ispA-qPCR-R
	GTGAAGCGTTCCAGATTGCC

	crtE-qPCR-F
	GAAATCAATCTCGCCCATTA

	crtE-qPCR-R
	GATCTTCTCACCGACCATCC






Supplementary Table S3. Plasmids used in this study.
	Plasmid
	Description
	Source

	pBBR1MCS-2
	Broad-host-range vector, Kmr
	3

	pBBR-αGppsPs
	pBBR1MCS-2 derivative containing GPPS-PS fusion
	4

	pZJD29c
	Mobilizable suicide vector, Gentr
	5

	pBdRSf
	pBBR1MCS-2 derivative removing MCS and Plac
	6

	pBRT
	pBRT derivative containing the terminator rrnB T1
	This study

	pBRPpuc 
	pBRT derivative carrying the promoter of puc operon
	This study

	pBRPpuf
	pBRT derivative carrying the promoter of puf operon
	This study

	pBRPbchP
	pBRT derivative carrying the promoter of pgk gene
	This study

	pBRPcrtE
	pBRT derivative carrying the promoter of eno gene
	This study

	pBRPlac
	pBRT derivative carrying the promoter of lac operon
	This study

	pBRPtac
	pBRT derivative carrying the promoter Ptac
	This study

	pBRPt334-6
	pBRT derivative carrying the promoter PT334-6 of Rhodobacter sphaeroides
	This study

	pBRPt334O
	pBRT derivative carrying the promoter of PT334-6 and the oxygen-regulatory protein binding site of Ppuc from R. sphaeroides
	This study

	pGenPt334O
	pBRPt334O derivative with gentamycin resistance instead of kanamycin resistance
	This study

	pBRpuc-eGFP
	pBRPpuc derivative harboring the eGFP driven by Ppuc
	This study

	pBRpuf-eGFP
	pBRPpuf derivative harboring the eGFP driven by Ppuf
	This study

	pBRbchP-eGFP
	pBRPbchP derivative harboring the eGFP driven by PbchP
	This study

	pBRcrtE-eGFP
	pBRPcrtE derivative harboring the eGFP driven by PcrtE
	This study

	pBRPlac-eGFP
	pBRPlac derivative harboring the eGFP driven by Plac
	This study

	pBRPtac-eGFP
	pBRPtac derivative harboring the eGFP driven by Ptac
	This study

	pBRPt334-6-eGFP
	pBRPt334-6 derivative harboring the eGFP driven by PT334-6
	This study

	pBRPt334O-eGFP
	pBRPt334O derivative harboring the eGFP driven by PT334O
	This study

	pBRT334O-CouBA
	pBRPt334O derivative containing cascade enzymes CouB-CouA
	This study

	pGenT334O-ADH2
	pGenPt334O derivative containing enzyme ADH2
	This study

	pBRT334O-ThiM-IPK-Idi
	pBRPt334O derivative containing cascade enzymes ThiM-IPK-Idi
	This study

	pGenT334O-GPPSps
	pGenPt334O derivative containing fusion enzymes GPPS/PS
	This study

	pZJ-Plac-ispA
	pZJD29c derivative containing the flanking regions of ispA promoter and Plac fragment between the flanking regions
	This study

	pZJ-Plac-crtE
	pZJD29c derivative containing the flanking regions of crtE promoter and Plac fragment between the flanking regions
	This study

	pZJ-ΔALDH1
	pZJD29c derivative containing the flanking regions of RPA1206 gene
	This study

	pZJ-ΔALDH2
	pZJD29c derivative containing the flanking regions of RPA1687 gene
	This study

	pZJ-ΔALDH3
	pZJD29c derivative containing the flanking regions of RPA1725 gene
	This study
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Figure S1. R. palustris contained two plasmids for synthesis of vanillyl alcohol (VA) or p-hydroxybenzyl alcohol (pHBA).
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Figure S2. Effects of aldh deletions on R. palustris. a) Agarose gel image for PCR verification of genes knockout. b) The growth profiles of R. palustris under light- anaerobic conditions. c) The light absorption of R. palustris under light-anaerobic conditions. WT, YC1, and YC2 respectively represent for wild type, the mutant with RPA1206 deletion, and the mutant with RPA1206, RPA1687 and RPA1725 deletions. d) The HPLC results from 5 mM FA using different recombinant strains are shown. RVA1, RVA2, and RVA3 represent for WT, YC1, and YC2 respectively containing CouBA-ADH2. Data represent the average of three replicates and error bars represent the standard deviation.
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Figure S3. Effects of the decreases in ispA and crtE expressions on R. palustris. a) Relative expression levels of ispA and crtE genes in different strains. b) The growth profiles of R. palustris under light-anaerobic conditions. Control represents for strain YC2.YC3 and YC4 respectively represent for decrease in ispA and both ispA and crtE based on the strain YC2. Data represent the average of three replicates and error bars represent the standard deviation.
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Figure S4. Synthesis of pHBA from pCA using whole-cell biocatalysis. a) Biocatalytic route for converting pCA into pHBA. b) Bioconversion of pCA at different concentrations into pHBA using the resting cells of RHBA1 under dark- and light- anaerobic conditions. c) Time course of pHBA production from 30 mM pCA by RHBA1 using the pulse-feeding approach under light-anaerobic conditions. d) pHBA synthesis from 50 mM pCA using RHBA1 and RHBA2 under the pulse-feeding mode. ND means no detection. All experiments were conducted in triplicate. Data represent the mean and standard deviations.
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Figure S5. The HPLC result for the production of pHBA from pCA.


[image: ]
Figure S6. R. palustris contained two plasmids for pinene synthesis from isoprenol.
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Figure S7. The GC result for the synthesis of pinene from isoprenol.
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