
Supplementary information (ESI)

Table S1. The primers and digestion sites correspond to the E. coli plasmids.
Plasmid Primer Restriction enzyme

F: 5'-cgcgcgggatccATGTCGAAGGGAAAGGTTTTGCTGGTT-3' BamHI
pET32a(+)-ScFDH

R: 5'-aaatatgcggccgcTTTCTTCTGTCCATAAGCTCTGGTGGCA-3' NotI

F: 5'-cgcgcgggatccATGGCGAAAATCCTGTGC-3' BamHI
pET32a(+)-TsFDH

R: 5'-cccgggaagcttACCCGCTTTTTTGAATTTTGCC-3' HindIII

F: 5'-cgcgcgggatccATGGCTATGCGTCAGGCGGC-3' BamHI
pET32a(+)-AtFDH

R: 5'-ccgcggctcgagACGGTACTGCGGCGCC-3' XhoI

F: 5'-cgcgcgggatccATGGTTAAAGTTCTGGCGGTTCTG-3' BamHI
pET32a(+)-MtFDH 

R: 5'-cccgggaagcttGCTGGTGCTAACTTCACGCTG-3' HindIII

F: 5'-ccgcgggaattcATGAGCCACCACTGGGGTTACGG-3' EcoRI
pACYCDuet-CA

R: 5'-cccgggaagcttTTTCGGGAAACCACGAACCTGACGG-3' HindIII

Table S2. The primers and digestion sites correspond to the S. cerevisiae plasmids.

Plasmid Primer
Restriction 

enzyme

F: 5'-tccgagctcggaACTGTAATTGCTTTTAGTTGTG-3' SacI
pRS424-PGKp

R: 5'-ccgcggccgcaaTGTTTTATATTTGTTGTAAAA-3' NotI

F: 5'-aaatatgcggccgcATGGCTAAGATTTTG-3' NotI
pRS424-PGKp-tsfdh

R: 5'-cgcgcgggatccTTAACCCGCTTTTTTGAATTTTGCC-3' BamHI

F: 5'-aaatatgcggccgcATGTCGAAGGGAAAGGTTTTGCTGGTTCTTTACG-3' NotI
pRS424-PGKp-scfdh

R: 5'-acgcgcgtcgacTTATTTCTTCTGTCCATAAGCTCTGGTGGCA-3' SalI

F: 5'-cgcgcgggatccACAGTTTATTCCTGGCATCC-3' BamHIpRS424-PGKp-tsfdh-

TDH3p R: 5'-ccgcgggaattcTTTGTTTGTTTATGTGTGTTTATTCG-3' EcoRI

F: 5'-ccgcgggaattcATGTCCCATCATTGGGGTTACGG-3' EcoRIpRS424-PGKp-tsfdh-

TDH3p-ca

pRS424-PGKp-tsfdh-

TDH3p-ca-TEF1p

pRS424-PGKp-tsfdh-

TDH3p-ca-TEF1p-Bica

R: 5'-gcggaagtcgacTTACTTTGGGAAACCTCTAACTTGTCTG-3'

F: 5'-acgcgtcgacCCACACACCATAGCTTCAAAA-3'

R: 5'-GTTAGTGATTTGCATCTTAGATTAGATTGC-3'

F: 5'-GCAATCTAATCTAAGATGCAAATCACTAAC-3'

R: 5'-cggggtaccTTAACCCATTTCAGAAGATGGAG-3'

SalI

SalI

KpnI

Table S3. Overview of the kinetic values of NAD+-dependent FDHs that have CO2 reduction capability.
CO2 reduction Formate oxidation

ID Organism
pH

Kcat

（s-1）

Km（m

M）

Kcat/ 

Km（mM-1 s-

1）

pH
Kcat

（s-1）

Km（m

M）

Kcat/ 

Km（mM-1 s-

1）

Ref.

CbFDH Candida boidinii 5.5 0.015 31.28 0.0004 7 1.08 8.55 0.13 [1] 

CmFDH Candida methylica 8 0.008 0.78 0.01 8 1.31 7.01 0.187 [2]

MtFDH Myceliophthora thermophila 6 0.76 1.2 0.63 10.5 0.32 7.2 0.04 [3]

CtFDH Chaetomium thermophulum 5 0.023 0.36 0.069 5 2.04 3.30 0.62 [2]
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TsFDH Thiobacillus sp. KNK65MA 5.5 0.32 9.23 0.034 6.5 1.77 16.24 0.11 [1]

PoFDH Pseudomonas oxalaticus / 3 40 0.08 / / 0.1 / [4]

ScFDH Saccharomyces cerevisiae / / / / 7 6.5 36 0.18 [5]
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 Table S4. Oxidative specific enzyme activity and reductive specific enzyme activity 
of the four FDHs at different pH.

FDHs Formate oxidation [U/mg enzyme]  CO2 reduction [U/mg enzyme]

pH 5 6 7 8 5 6 7 8

ScFDH 22.27±0.84 20.50±0.11 18.52±0.13 11.96±0.19 0.14±0.01 0.12±0.00 0.10±0.01 0.09±0.00

TsFDH 17.37±0.21 15.09±0.97 17.79±0.29 13.56±1.16 0.45±0.03 0.53±0.03 0.50±0.02 0.479±0.04

AtFDH 13.29±0.40 13.48±0.32 14.58±0.16 14.55±0.17 0.27±0.00 0.25±0.01 0.28±0.00 0.251±0.06

MtFDH 25.26±0.79 26.40±0.63 24.11±0.84 21.73±1.26 0.13±0.00 0.16±0.00 0.16±0.01 0.134±0.01



Figure S1 Standard curve of NADH.



Figure S2 Sequence comparison of FDHs

Figure S3. SDS-PAGE analysis of purified FDHs. Lane NC: negative control, Lane M: 
molecular mass marker (245kDa), 1: ScFDH (59.4 kDa), 2: TsFDH (62.2 kDa), 3: 
AtFDH (60.3 kDa), 4: MtFDH (58.4 kDa), 5: CA (28.6 kDa). 

Figure S4. Fermentation properties of the S. cerevisiae-tsfdh (TsFDH) with different 
concentrations Carbonic Anhydrase (0, 0.1, 0.5 g L-1 CA) was conducted at 30 °C and 
180 rpm in SD media. (a) glucose and ethanol concentrations; (b) glycerol and 
formate concentrations; (c) glucose consumption rate. Carbonic anhydrase enzyme 
concentration measured by BSA method.
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Figure S5. Fermentation properties of the S. cerevisiae-control, S. cerevisiae-tsfdh 
(TsFDH), S. cerevisiae-tsfdh-ca (CA) and S. cerevisiae-tsfdh-ca-bica (TsFDH + CA) 
were conducted at 30 °C and 180 rpm in SC media. (a) glucose and ethanol 
concentration; (b) formate concentration.

 
Figure S6. A tail gas analyzer measured the CO2 released during the fermentation 
process in real-time.


