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Fig. S1. Cultivation profiles of the YXR, YXRF1, and YXRF5 strains under glucose-based conditions with formate supplementation. Time-course profiles of cell growth (OD600), glucose consumption, and formate consumption are shown for (a) YXR, (b) YXRF1, and (c) YXRF5. (d) Time-course pH profiles of the three strains during cultivation. The data points represent the average of samples, and the error bars indicate standard deviation (n = 3, biological replicates). 
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Fig. S2. Cultivation and FAME production of the YXRF5-1 strain under glucose conditions. (a) Time-course profiles of cell growth (OD600) and glucose consumption during nitrogen-limited cultivation. (b) FAME content, titer, and productivity at the end of cultivation. The data points represent the average of samples, and the error bars indicate standard deviation (n = 2, biological replicates). 
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Fig. S3. Cultivation and FAME production of the YXRF5-3 strain under glucose conditions. (a) Time-course profiles of cell growth (OD600) and glucose consumption during nitrogen-limited cultivation. (b) FAME content, titer, and productivity at the end of cultivation. The data points represent the average of samples, and the error bars indicate standard deviation (n = 2, biological replicates). 
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Fig. S4. Time-dependent relative NADPH/NADP+ levels normalized to OD600 were determined at 24 h and 48 h for (a) YXRF1 strains (YXRF1-1, YXRF1-2, and YXRF1-3) and (b) YXRF5 strains (YXRF5-1, YXRF5-2, and YXRF5-3) during cultivation with glucose and formate. Data represent mean ± standard deviation (n = 3, biological replicates). Statistical significance of the differences was assessed by two-tailed Student’s t-test; *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. S5. Cultivation and FAME production of the YXRF5-1 strain under xylose conditions. (a) Time-course profiles of cell growth (OD600) and xylose consumption during nitrogen-limited cultivation. (b) FAME content, titer, and productivity at the end of cultivation. The data points represent the average of samples, and the error bars indicate standard deviation (n = 2, biological replicates).
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Fig. S6. Cultivation and FAME production of the YXRF5-3 strain under xylose conditions. (a) Time-course profiles of cell growth (OD600) and xylose consumption during nitrogen-limited cultivation. (b) FAME content, titer, and productivity at the end of cultivation. The data points represent the average of samples, and the error bars indicate standard deviation (n = 2, biological replicates). 
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Fig. S7. Cultivation of the YXRF1-based strains under xylose and formate conditions. Time-course profiles of OD600, xylose, and formate concentrations during cultivation of engineered YXRF1 strains carrying FDH1 in xylose-formate medium. The data points represent the average of samples, and the error bars indicate standard deviation (n = 2, biological replicates).
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Table S1. Plasmids used in this study
	Plasmids
	Description
	Source

	pCPT79
	Ori, AmpR (E. coli), HygR (Y. lipolytica), Cas9, mRFP
	This study

	pCPT80
	Ori, AmpR (E. coli), NatR (Y. lipolytica), Cas9, mRFP
	This study

	pCPT80-IntC
	Ori, AmpR (E. coli), NatR (Y. lipolytica), Cas9, sgRNA targeted on IntC site
	This study

	pCPT80-PEX10
	Ori, AmpR (E. coli), NatR (Y. lipolytica), Cas9, sgRNA targeted on PEX10 site
	This study

	pCPT79-GSY
	Ori, AmpR (E. coli), HygR (Y. lipolytica), Cas9, sgRNA targeted on GSY1 site
	This study

	pCPT80-MFE2
	Ori, AmpR (E. coli), NatR (Y. lipolytica), Cas9, sgRNA targeted on MFE2 site
	This study

	pCPT12
	Ori (pMB1), AmpR, RFP
	[1]

	pCPT12-FDH1
	Ori (pMB1), AmpR, GAPdhp-FDH1-Lip2t
	This study

	pCPT12-FDH5
	Ori (pMB1), AmpR, GAPdhp-FDH5-Lip2t
	This study

	pCPT12-DGA
	Ori (pMB1), AmpR, GAPdhp-DGA1-Lip2t
	This study

	pCPT12-ETR1
	Ori (pMB1), AmpR, GAPdhp-ETR1-Lip2t
	This study

	pCPT12-KAR
	Ori (pMB1), AmpR, GAPdhp-KAR-Lip2t
	This study

	GGE002
	P1_GAPdh in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]

	GGE020
	T1-3_Lip2 in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]

	GGE077
	G1_RedStarII in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]

	GGE207
	InsDown-Mfe in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]

	GGE209
	InsUP-Mfe in Y. lipolytica Golden Gate tool kit (Addgene #1000000167
	[2]

	GGE252
	InsDown-Gsy in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]

	GGE253
	InsUP- Gsy in Y. lipolytica Golden Gate tool kit (Addgene #1000000167)
	[2]




Table S2. Primers used in this study
	Primers
	Sequence (5’→3’)
	Notes

	IntC_gRNA_F
	TTCGATTCCGGGTCGGCGCAATTGTGGGCTGCACACTCGGGTTTTA
	sgRNA forward sequence for IntC

	IntC_gRNA_R
	GCTCTAAAACCCGAGTGTGCAGCCCACAATTGCGCCGACCCGGAAT
	sgRNA reverse sequence for IntC

	IntC_donor_F
	GCCCAGGTGTTTGATGATCTCTAGAC
	Forward sequence of IntC donor (1000 bp)

	IntC_donor_R
	AACCTGACAAACTGACAAACTGACAAAACT
	Reverse sequence of IntC donor (1000 bp)

	cp_gDNA_IntC_F
	CTTCTCTCCCTACCCTGTTCT
	Forward sequence of IntC deletion confirmation

	cp_gDNA_IntC_R
	CTGGACACTGGAACTCCT
	Reverse sequence of IntC deletion confirmation 

	FDH1_ins_F
	GGTCTCTAATGATGACAAAGGTTCTTGCA
	Forward sequence of FDH1 amplification

	FDH1_ins_R
	GGTCTCTTAGATCACTTTTCGGCCT
	Reverse sequence of FDH1 amplification

	FDH5_ins_F
	GGTCTCTAATGATGGCTAAGGTCC
	Forward sequence of FDH5 amplification

	FDH5_ins_R
	GGTCTCTTAGATCAGACGGCC
	Reverse sequence of FDH5 amplification

	PEX10_gRNA_F
	TTCGATTCCGGGTCGGCGCACGTACTACCAGCTCAGTAAGGTTTTA
	sgRNA forward sequence for PEX10

	PEX10_gRNA_R
	GCTCTAAAACCTTACTGAGCTGGTAGTACGTGCGCCGACCCGGAAT
	sgRNA reverse sequence for PEX10

	PEX10_donor_F
	CGGAAAGAATTACTGGACTCATGTT
	Forward sequence of PEX10 donor 

	PEX10_donor_R
	GTCATCTACGTCATCAACAGCC
	Reverse sequence of PEX10 donor 

	cp_gDNA_PEX10_F
	TCAATCGAGGGGGTGTGAAA
	Forward sequence of PEX10 deletion confirmation

	cp_gDNA_PEX10_R
	GCAGGTGGTACCTGAAATATGC
	Reverse sequence of PEX10 deletion confirmation 

	GSY_gRNA_F
	TTCGATTCCGGGTCGGCGCAAGGTCGAAGAGAATGACTCGGTTTTA
	sgRNA forward sequence for GSY1

	GSY_gRNA_R
	GCTCTAAAACCGAGTCATTCTCTTCGACCTTGCGCCGACCCGGAAT
	sgRNA reverse sequence for GSY1

	DGA_ins_F
	CGCCCTTTGTACAGGTCTCTAATGATGACTATCGACTCACAATACTACAAGT
	Forward sequence of DGA1 amplification

	DGA_ins_R
	AGAATTCGCCCTTGGTCTCTTAGATTACTCAATCATTCGGAACTCTGG
	Reverse sequence of DGA1 amplification

	GSY_donor_F
	CGAGCCATGGCAGTCATATT
	Forward sequence of GSY1 donor

	GSY_donor_R
	CCGTACACACTGTCGCATC
	Reverse sequence of GSY1 donor

	cp_gDNA_ GSY_F
	GCCTGTCTGAAGATGGGTACA
	Forward sequence of GSY1 deletion confirmation

	cp_gDNA_ GSY_R
	GGTATAGTACAGGGCAACCAC
	Reverse sequence of GSY1 deletion confirmation 

	ETR_ins_F
	TCTTGAATTAAACACACATCAACAAATGATGCTACGAACACTTCGAACC
	Forward sequence of ETR1 amplification

	EAR_ins_R
	GCTTAGATACCACAGACACTAGACTAGTACTCCACCCACTGAAC
	Reverse sequence of ETR1 amplification

	MFE_gRNA_F
	TTCGATTCCGGGTCGGCGCAAAGATCGTCGACTTCGATGAGTTTTA
	sgRNA forward sequence for MFE2

	MFE_gRNA_R
	GCTCTAAAACTCATCGAAGTCGACGATCTTTGCGCCGACCCGGAAT
	sgRNA reverse sequence for MFE2

	MFE_donor_F
	AGAGGAGAAGGATTTCGTAGGT
	Forward sequence of MFE2 donor 

	MFE_donor_R
	CTGGCTGACTCTGTCTTTAGGAA
	Reverse sequence of MFE2 donor 

	cp_gDNA_ MFE_F
	TAGTGTACAATCCTACCTTGGC
	Forward sequence of MFE2 deletion confirmation

	cp_gDNA_ MFE_R
	CGCACATGACGACGTACTTT
	Reverse sequence of MFE2 deletion confirmation

	KAR_ins_F
	TCTTGAATTAAACACACATCAACAAATGATGGATTGTGTCGATCACAGC
	Forward sequence of KAR amplification

	KAR_ins_R
	GCTTAGATACCACAGACACTAGATTAGTGCTTGAGAGTCTCGTTC
	Reverse sequence of KAR amplification


Table S3. Genes used in this study
	Gene
name
	Source
organism
	Accession No.
	Sequence (5’→3’)

	FDH1
	L. buchneri 
	WP_153106867.1
	ATGACAAAGGTTCTTGCAGTTCTTTACCCCGATCCCGTGGATGGATTTCCCCCCAAATATGTTCGGGATGACATTCCTAAGATCACACACTACCCCGATGGATCTACGGTCCCTACCCCCGAAGGTATTGACTTTAAGCCTGGAGAGCTCCTTGGTTCTGTGTCGGGCGGCCTTGGCCTGAAGAAATACCTGGAATCGAAGGGTGTCGAATTTGTCGTGACTTCTGATAAAGAGGGCCCCGATTCTGTTTTCGAGAAAGAACTGCCCACGGCAGACGTTGTTATTAGCCAGCCTTTCTGGCCCGCCTATCTCACAGCTGACCTTATCGATAAGGCTAAAAAGCTGAAACTTGCCATTACCGCTGGCATCGGCAGCGACCACGTGGACCTCAATGCTGCCAATGAGCATAATATCACTGTTGCAGAGGTTACTTATTCCAATAGCGTTTCCGTTGCAGAAGCCGAAGTTATGCAGCTCCTGGCCCTCGTGCGTAACTTCATTCCTGCACATGACATTGTTAAGGCTGGTGGTTGGAATATTGCAGATGCTGTGTCGCGTGCTTATGACCTGGAGGGTATGACCGTTGGCGTGATCGGCGCTGGTCGTATTGGCCGAGCCGTCCTTGAACGACTCAAGCCTTTTGGTGTGAAACTTGTCTATAACCAACGGCATCAGCTCCCCGATGAGGTGGAAAACGAACTGGGCCTTACATACTTCCCTGATGTTCACGAAATGGTCAAGGTGGTGGACGCCGTTGTTCTCGCAGCACCCCTGCACGCTCAAACTTACCACCTGTTCAATGACGAAGTTCTTGCTACAATGAAACGGGGAGCTTATATTGTCAATAATTCCCGAGGCGAAGAGGTCGACAGAGACGCCATTGTTAGAGCTCTTAATTCGGGACAAATTGGAGGTTATTCCGGCGATGTGTGGTATCCCCAGCCCGCCCCCAAGGACCACCCTTGGCGTACCATGCCCAACGAAGCTATGACCCCTCATATGTCCGGTACAACCCTCTCGGCCCAGGCTCGTTACGCTGCCGGAGCTCGTGAAATCCTCGAAGACTTCCTTGAAGATAAGCCCATCCGGCCCGAGTACCTTATCGCCCAAGGTGGTAGCCTCGCAGGCACAGGAGCAAAATCCTATACAGTTAAAAAGGGTGAGGAAACACCCGGATCTGGCGAGGCCGAAAAGTGA

	FDH5
	Pseudomonas sp. 101
	Not applicable (mutant)
	ATGGCTAAGGTCCTTTGCGTGCTGTACGACGACCCCGTGGATGGCTATCCCAAAACCTACGCTCGTGATGACCTTCCCAAAATTGACCATTATCCTGGAGGACAAACACTCCCTACCCCTAAAGCCATCGACTTTACTCCCGGTCAGCTGCTCGGTTCTGTCTCCGGCGAGCTCGGTCTCCGAAAATACCTGGAGTCTAACGGACATACACTCGTGGTGACTTCTGACAAAGATGGACCCGATTCTGTGTTCGAGCGAGAGCTCGTGGATGCCGATGTGGTGATTTCCCAGCCTTTTTGGCCTGCTTATCTTACACCCGAGCGAATTGCCAAGGCAAAAAACCTCAAACTTGCACTTACCGCAGGCATCGGCTCTGACCATGTTGATCTCCAATCCGCAATTGACAGAAATGTTACTGTCGCCGAGGTGACTTATTGCAACTCTATCAGCGTCGCCGAACATGTCGTTATGATGATCCTGTCTCTCGTGAGAAACTACCTTCCCAGCCACGAATGGGCTCGTAAGGGTGGTTGGAATATCGCTGATTGTGTTTCCCATGCTTACGACCTCGAGGCTATGCACGTTGGAACCGTCGGCGCTGGTCGAATTGGACTTGCCGTTCTTAGACGTCTCGCCCCTTTCGATGTTCATCTCCACTATACACAGCGGCACCGGCTCCCTGAGTCTGTGGAGAAGGAACTGAATCTGACCTGGCATGCCACGCGGGAAGACATGTACCCTGTCTGCGATGTCGTGACGCTCAATGCCCCCCTGCACCCCGAGACAGAACATATGATCAACGACGAAACACTTAAACTCTTCAAACGAGGTGCCTATATCGTGAACACGGCTCGAGGAAAGCTCTGCGATCGTGATGCAGTGGCAAGAGCACTTGAGTCGGGCAGACTTGCAGGCTACGCAGGAGACGTTTGGTTCCCTCAACCTGCCCCTAAGGATCACCCTTGGCGAACGATGCCTTATAACGGTATGACCCCTCACATTTCTGGCACAACCCTGACAGCCCAAGCCCGGTACGCAGCTGGCACGCGGGAAATTCTGGAATGTTTCTTCGAAGGCAGACCTATTAGAGATGAGTATCTTATTGTCCAAGGTGGTGCACTGGCCGGTACAGGTGCAAAAGTGTATTCCAAAGGAAATGCTACAGGTGGATCGGAAGAGGCAGCCAAGTTCAAGAAGGCCGTCTGA

	DGA1
	Y. lipolytica
	XP_504700.3
	ATGACTATCGACTCACAATACTACAAGTCGCGAGACAAAAACGACACGGCACCCAAAATCGCGGGAATCCGATATGCCCCGCTATCGACACCATTACTCAACCGATGTGAGACCTTCTCTCTGGTCTGGCACATTTTCAGCATTCCCACTTTCCTCACAATTTTCATGCTATGCTGCGCAATTCCACTGCTCTGGCCATTTGTGATTGCGTATGTAGTGTACGCTGTTAAAGACGACTCCCCGTCCAACGGAGGAGTGGTCAAGCGATACTCGCCTATTTCAAGAAACTTCTTCATCTGGAAGCTCTTTGGCCGCTACTTCCCCATAACTCTGCACAAGACGGTGGATCTGGAGCCCACGCACACATACTACCCTCTGGACGTCCAGGAGTATCACCTGATTGCTGAGAGATACTGGCCGCAGAACAAGTACCTCCGAGCAATCATCTCCACCATCGAGTACTTTCTGCCCGCCTTCATGAAACGGTCTCTTTCTATCAACGAGCAGGAGCAGCCTGCCGAGCGAGATCCTCTCCTGTCTCCCGTTTCTCCCAGCTCTCCGGGTTCTCAACCTGACAAGTGGATTAACCACGACAGCAGATATAGCCGTGGAGAATCATCTGGCTCCAACGGCCACGCCTCGGGCTCCGAACTTAACGGCAACGGCAACAATGGCACCACTAACCGACGACCTTTGTCGTCCGCCTCTGCTGGCTCCACTGCATCTGATTCCACGCTTCTTAACGGGTCCCTCAACTCCTACGCCAACCAGATCATTGGCGAAAACGACCCACAGCTGTCGCCCACAAAACTCAAGCCCACTGGCAGAAAATACATCTTCGGCTACCACCCCCACGGCATTATCGGCATGGGAGCCTTTGGTGGAATTGCCACCGAGGGAGCTGGATGGTCCAAGCTCTTTCCGGGCATCCCTGTTTCTCTTATGACTCTCACCAACAACTTCCGAGTGCCTCTCTACAGAGAGTACCTCATGAGTCTGGGAGTCGCTTCTGTCTCCAAGAAGTCCTGCAAGGCCCTCCTCAAGCGAAACCAGTCTATCTGCATTGTCGTTGGTGGAGCACAGGAAAGTCTTCTGGCCAGACCCGGTGTCATGGACCTGGTGCTACTCAAGCGAAAGGGTTTTGTTCGACTTGGTATGGAGGTCGGAAATGTCGCCCTTGTTCCCATCATGGCCTTTGGTGAGAACGACCTCTATGACCAGGTTAGCAACGACAAGTCGTCCAAGCTGTACCGATTCCAGCAGTTTGTCAAGAACTTCCTTGGATTCACCCTTCCTTTGATGCATGCCCGAGGCGTCTTCAACTACGATGTCGGTCTTGTCCCCTACAGGCGACCCGTCAACATTGTGGTTGGTTCCCCCATTGACTTGCCTTATCTCCCACACCCCACCGACGAAGAAGTGTCCGAATACCACGACCGATACATCGCCGAGCTGCAGCGAATCTACAACGAGCACAAGGATGAATATTTCATCGATTGGACCGAGGAGGGCAAAGGAGCCCCAGAGTTCCGAATGATTGAGTAA

	ETR1
	Y. lipolytica
	XP_502018.1
	ATGCTACGAACACTTCGAACCTCTCAATTGGCACGATCCGGCTTTGGAACGCCCTCTTTTGGTCTGCGATTTAACTCCGTTGGCCGGGCGTTTGTCTTCTCCCAAACTGGCGAGCCCAAGGACGTGATCCAGGTGCTGGAGTATCCCATTGAGAAGCCTCTGGAGAACCAGGTGCTGCTTAAGTCGCTCGGATTCACTATCAACCCGGCTGACATTAACCAATTGGAGGGCGTTTATCCCTCTGTGCCTCCCAAATCCGTCCAGATCAACAACGAAGACGCTGCTATTGGAGGCAACGAGGGTCTGTTCCAGGTGCTTGATCCCGGTGCCAAGTCTGGACTGAAGAAGGGCGACTGGGTTCTTCCTCGAAAGACATGCTTTGGAACCTGGCGATCACATGCTCTGGTGGAGGCTGACACCGTTGTGAAGATTGACAACACTGATCTCACCAAGGTGCAGGCTACCACTGTGTCTGTTAACCCCTCTACTGCTTACGAGATGCTCAAGGACCTCAAGGAGGGCGACTGGTTCATTCAGAACGGTGGTAACAGCGGTGTTGGGCGAGCAGCTATTCAGATTGGCCACATCCGAGGTCTCAAGAGCATCTCTGTGGTCAGAGATCGTCCTGATCTCGAAGTGCTCAAGAAGGAACTCACCGATCTGGGCGCCACCCACGTAATCACTGAGGAGGAGGCCTCGGATAAGTTGTTTTCCAAGCAGATCAAGTCCTGGACCGGCGGAAAGATTAAGCTGGCTCTCAACTGTATTGGAGGAAAGAGCGCCACTTCCATCATGCGACAGCTGGGAGCCGGAGGATCCATTGTCACTTACGGAGGCATGTCTAAGAAGCCTCTTACGTTCCCCACTGGCCCTTTTATCTTCAAGGACATCACTGCCAAGGGCTACTGGCTGACTCGATGGGCCGATAAGCACCCTGAAGAGAAGGCTAAGACCATTGAGAACATCTTCAAGTTCTACCGAGAAAAGAAGTTTGTGGCTCCTCCCGTTAACATTTCGACTCTGGACTTCAGCAAGGGTAACGACGTTGTTCTGTCCGAGTTTTTGGACGCCCTTGGAAAGGCTCAGAAGGGCGGAGGTAAGAAGCAGCTGGTTCAGTGGGTGGAGTACTAG

	KAR
	Y. lipolytica
	XP_499820.2
	ATGGATTGTGTCGATCACAGCAATGTCCCACGACCTTGCGTCAAGATACCCGAGAAGTGGCAGAGTGCATATGGTATTTTAATAGGTTGGAGTTTGCTATACACCAACTCAACCACTACTCACACAACCCTCACAATGGTCTACGTGAACGCGAAAAACTACTTTTGTGACTCGATCATCAACAACACGGACCGGGTGCTGTCTGCTCTCATCAAGTACCATGGTCTCTCCATCATTGCCGTCTTTCTGCTGGCAATTGGCCTCTTCCACGTGGCTCTGAAGGTGGTGTCCTACGTGGCCGTTCTTCTCGACGTGTTTGTGCTGCCTCCCACCAACTACCTGCCCTACGGCTCCCAGCGGGGCGCCTGGGCCGTGGTGACCGGTGCTTCTGACGGCATTGGCAAGGAGTACGCCCGACAGCTGGGTCTCCGAGGCTTCAACGTGTTCCTCATTTCTCGAACCGAGTCCAAGCTGCGAGAGCTGGCCCAGGAGATTGCCGAAAAGTCCAAGGTCGAGACCAAGTTCCTGGCCATCGACGTGTCCACCGACTCCCCCCAGAACTACAAGGACATCGAGACCGTGCTGGAGACCATCCCCAGCGTGTCTATCCTCATCAACAACGTCGGCTTGTCCCACTCCATCCCCACCCCCTTCCTCGAGACCCCCCCCGCCGAGCTGCACAACATCATCGCCATCAACAACTTGGCTACTCTGAAGATCACCCAGCTGATTGCCCCCAAGATTGTCGAGTCCGTCAAGGAGGCCCGAGCCACCAAGAAGTTCCAGAAGGGTCTCATTCTTACCATGGGATCTTTTGGCGGCTTGCTGCCCACCCCCCTGCTCGCTACCTACTCTGGTTCCAAGGCCTTCCTCCAGCACTGGTCCAACGCTCTGGCCGTGGAGCTTGCCCCCGAGCACGTCGATGTCGAGCTCGTTGTCTCCTACCTCGTCACCTCTGCCATGTCCAAGGTCCGAAAGACCTCTGCTCTGATCCCCAACCCCAAGCAGTTTGTCACCGCCACTCTGTCGTCCGTTGGCCGAGCCGGAGGAGCCCAGGAGAAGTTTGCCACCTCCACCCCCTACTGGTCCCACGCCCTGCTGCACTGGTGGATCGCCCAGACCGTCGGCGTCTTCTCCAAGCTCGTTGCCGGCTTCAACTACAAGATGCACGTCGACATCCGAAAGCGGGCTCTCAAGAAGCAGGCCCGACAGGCTGCTGGAGGCGTTGCCGACCCCAAGAACACCACCGCTGCTCGAGAGGGCTACGCCACCGAGTCTCTCAAGAACGAGACTCTCAAGCACTAA






Table S4. List of endogenous formate dehydrogenases in Y. lipolytica
	Cofactor
	Entrez Gene ID
	Gene symbol
	Genomic context 

	NAD+
	2911506
	YALI1_E17326g
	Chromosome: 1E

	NAD+
	2908687
	YALI1_F18740g
	Chromosome: 1F

	NAD+
	2907004
	YALI1_B26033g
	Chromosome: 1B

	NAD+
	2911567
	YALI1_E19036g
	Chromosome: 1E

	NAD+
	2910055
	YALI1_C20054g
	Chromosome: 1C

	NAD+
	2909481
	YALI1_C10762g
	Chromosome: 1C

	NAD+
	2908617
	YALI1_F21467g
	Chromosome: 1F

	NAD+
	2908289
	YALI1_F36584g
	Chromosome: 1F

	NAD+
	2907419
	YALI1_B29419g
	Chromosome: 1B

	NAD+
	2906088
	YALI1_A12540g
	Chromosome: 1A

	NAD+
	90949746
	YALI1_F36930g
	Chromosome: 1F

	NAD+
	90949594
	YALI1_C15526g
	Chromosome: 1C




Table S5. Kinetic parameters and NADPH specificity of heterologous formate dehydrogenases evaluated for redox module construction
	FDH
No.
	Abbr.
	Formate 
(kcat/km) 
s-1 mM-1
	NADP+ 
(kcat/km)
s-1 mM-1
	Cofactor 
Specificity Ratio
(catalytic efficiency)
	Description
	Reference

	FDH1
	LbFDH
	0.05
	29.25
	27.9
	Lactobacillus buchneri NRRL B30929 FDH
(Moderate catalytic efficiency and
NADPH regeneration)
	[3]

	FDH2
	MvFDH
	NRa
	21
	16.67
	Mycobacterium vaccae N10 FDH
(4M variant: C145S/A198G/D221Q/C255V;
to improve NADP⁺ acceptance)
	[4]

	FDH3
	CbFDH
	NRa
	<1.05×10-6
	4.26×10-9
	Candida boidinii FDH
(NAD⁺-dependent; shows essentially 
no measurable activity toward NADP+)
	[5]

	FDH4
	PseFDH 
	NRa
	NRa
	4.2×10-4
	Pseudomonas sp. 101 FDH
(Highly specific for NAD+ with practically 
no NADP+ activity)
	[6]

	FDH5
	PseFDHmut
	24
	141.92
	510
	Pseudomonas sp. 101 FDH mutant
(PseFDH V9 D221Q/C255A/H379K/S380V/ 
A198G; highest NADP+ catalytic efficiency)
	[7]


aNot reported.
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