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Advancesin formate dehydrogenase for carbon dioxide reduction
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China; 2. School of Bioengineering, Dalian University of Technology, Dalian 116024, Liaoning, China; 3. School of
Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007, Henan, China )

Abstract: The reduction and resource utilization of CO, are important means to alleviate greenhouse effects.

Biocatalysts, with high selectivity for reactions and substrates, are used to build efficient CO, reduction
systems. Among them, formate dehydrogenase (FDH), especially those f-nicotinamide adenine dinucleotide
(NAD")-dependent/metal cofactor (W or Mo) FDH are able to reversibly reduce CO, to formate. Herein, the
characteristics and classification of formate dehydrogenase were summarized. The active sites and catalytic
mechanism of formate dehydrogenase for CO, reduction, molecular modification of the enzyme, and the
latest progress in the whole-cell biocatalysis were discussed. The review provides a great enlightenment and
guidance for the future research of FDH for CO, reduction, as well as a theoretical basis for the construction
of feasible CO, refining systems with CO, as raw materials to produce value-added fuels and chemicals.
Key words. formate dehydrogenase; CO, reduction; enzyme engineering; whole cell catalysis; formate
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Fig. 1 Synthesis route of methanol from CO, catalyzed by
three kinds of dehydrogenase!'"]
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Table 1  Property comparison of FDH with CO, reduction activity

Source Type keat/s™! (mrlrfg{ L) Substrate Product Pr(oncirl:lcgli/vhi;y/ Ref.

Thiobacillus sp. KNK65MA NAD(P) #5175 0.32" 9.23" CO, ik 0.37 [16]
1.77% 16.24% HH ER M CO, —

Candida boidinii NAD(P) i 0.015" 31.28" CO, i h 0.065 [16]
1.08% 8.55% HH R M Co, —

Chaetomium thermophilum NAD(P) " ##8i #4 0.025" 0.35" HCO; i — [17]
2.039% 3.3% R 4 Co, _

Candida methylica NAD(P) i % 0.008" 0.78" HCO5 FH i — [17]
1.31% 7.01% HH R M CO, —

Myceliophthora thermophile NAD(P) 4 i 1 0.1° 0.43" HCO; iR £k — [18]
0.32% 7.2% RN CO, _

Chaetomium thermophilum (Asn120Cys) NAD(P) }& i % 0.162" 2277 HCO; H AR — [19]

® _

Chaetomium thermophilum (Asn256 Asp)NAD(P) K #fi 1 0.115" 1.81% HCO; i £h — [19]
_® _® — _ _

Chaetomium NAD(P) i 724 0.07" 0.2" CO, Ml HCO;  W#: — [20]
thermophilum (Gly93His/11e94 Tyr) _® _® _ _ .

Chaetomium NAD(P) A1 0.05" 0.7" CO, #l HCO3 — [20]

thermophilum ( Gly93His/Ile94Arg )

@

H
]
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Source Type Fea/s! (mﬁ)"{ ) Substrate Product Pr(on(i;cgli;/}i;y/ Ref.

Chaetomium thermophilum (Arg259Cys) NAD(P) H& i % 0.09" 47" CO, Ml HCO;  WmREL — [20]

Chaetomium thermophilum NAD(P) & i 4 0.04" 8.4" CO, il HCO;  Wgsh — [20]
(Gly93His/I1e94Tyr/Arg259Cys) _©® _©® _ _ o

Clostridium carboxidivorans NAD(P)"/ 4 J& i A 7 0.08" 0.05" CO, iR - [21]
'ﬁg*ﬁﬂ _ 2 _ @ J— . o

Desulfovibrio desulfuricans NAD(P) /4B M T 46.6" 0.016" CO, Fil H, HH i b 0.4 [22-23]

A g Y 543% 0.057° R CO, —

Cupriavidus necator NAD(P)"/4: J& i Al 7 1" 2.7% CO, FH g — [12]
g 140” 0.082% R 4 Co, _

Rhodobacter capsulatus NAD(P)"/4: J& 4ff Kl 7 1.48" — CO, H iR £h — [24]
f fgi 7y 36.48” 2817 R CO, —

Escherichia coli NADP) /4 BN 17 8.3" CO, FH i b — [25]
A4 g7 75 4 —° FH R M CO, _

Rhodobacter aestuarii NAD(P) /4 JB T 0817 — CO, M HCO;  Hifpth — [1]
g Y 0.26% — R CO, —

Syntrophobacter fumaroxidans NAD(P)"/ 4 J& it A 7 500" — CO, HH i £h — [26]
A A 75 1500% —2 PR Co, _

Desulfovibrio vulgaris Hildenborough  NAD(P)"/4: JE#HF 315" 0.42" Co, R L — [27]
I 1310% 0.017% RN CO, _

Clostridium ljundahlii NAD(P) /4B i T 073" 7.27% CO, FH 1.31 [28-30]

A% A 75 14.77% 1.4% R CO, —

W ke WAL R, (HBR, TR ML  Ka ORICHR B, B SN 3 2R 5k ) 05 S I 3 28— 2 B 114 JIC 40 ¥ B
DCO, I ; QW MERSAMN; “—" RESCHR T ARG MG, Thiobacillus sp. NI ; Candida boidinii A AR TR ;
Chaetomium thermophilum NVEINEEERT ; Candida methylica W 3E&ERE ; Myceliophthora thermophile V&N 224K ; Chaetomium
thermophilum NVENTFCH ; Clostridium carboxidivorans NI ZE I B ; Desulfovibrio desulfuricans NG INH ; Cupriavidus necator
H 2R B TE ; Rhodobacter capsulatus FIEFELIATH 3 Escherichia coli A KIBIFTH ; Rhodobacter aestuarii F ¥ R B ZLFF 1 5
Syntrophobacter fumaroxidans 7% %R & WA ; Desulfovibrio vulgaris Hildenborough A 75 /R B A #1348 51 9N ; Clostridium ljundahlii
3L TR EF MAFT I o Asn120Cys Sy 120 {37 K 4 Pt e 58 718 S 2 I 2 , Asn256 Asp 2 256 i R 4 Tt I 58748y K 4 2R s Gly93His/11e94 Tyr
(G93H/194Y ) 23 93, 94 (it &M . @M M RA WA . MM ; Gly93His/lle94Arg ( G93H/I94R ) 2y 93, 94 f &R .
SRR HH AR . KA ; Arg259Cys (R259C ) K 259 (A5 R K E I & ; Gly93His/1le94Tyr/Arg259Cys

( G93H/194Y/R259C ) A 93, 94, 259 i HAER . F&R . KAy MR WHEAR . Mam. Fak.

H# 1 A, 5 NAD(P)'/4: &l B i
FDH L, NAD(P) ##i 1 FDH %f CO, i JF7 [ fifk
BORART AR, A, FDH AL B R 3 L iR
HE T HB CO, A%, M Candida boidinii
H AR5 NAD R L (%) CHFDH C %% )12 F T4 F
HESF COy i il 25 R B SN H, 1fii CPFDH &
T L NAD W B ) 7 =1k F Rk S e A
CO,", M= T, CHOE ZUMgE T — kI T
Thiobacillus sp. KNK65MA 1Y TsFDH EA 5 )4
b Co, B JERYTE M, HXF CO, i JF Y 1k 550K

(ke/KnfE, FIE) 4 0.035 L/(mmol-s), i ChOFDH
4 0.0005 L/(mmol-s), &5 & 1 70 £ . 435 | T"FDH
Fl CbFDH fEft CO, ARG R EL , TWFDH (1 H
Fi 5 7= RS COFDH 1 5.7 155 . 57 51 R4 48 FeAs 2 1
HAA S Co, B RTEMER FDH HA KKK N-
A C-AHA, BEAL, 1 ASKRIET Myceliophthora
thermophile ) MtFDH , 45 B A AL H IR ALY kca

H&S T COy iBJEMME, [HREMIL CO RN Kn
(B E T AR IR A A K (1, B, H
CO, B JF AL R (0.23 L/(mmol-s) ] & I FREL A
3% (0.04 L/(mmol-s) ) 1 5.8 f5181,

7E NAD(P)' /4 J& i A 74Kl FDH h, —4&
K HRBFFTE . SRFEAAR 8 R0 e At 9K 0 55 25 6 Ja 4l
K ¥ FDH, X CO, 140 J5 (4 %% Ak 3 350 %o HT IR £k 4
T A 122224231 (B MIN U Rhodobacter
aestuarii PR T —Fh i A5 4HY RaFDH, HXFF
CO, I JFUH H RER ALY koo TS0 0.81 F10.26 57,
RUNZRFEESNT) CO, 3 A 1 IR 5 H R Eh
FAbiE RN 1 ASRIET Syntrophobacter fumaroxidans
[ SFDH X CO, R JEHR I, T H kew H( 500 57 )P,
CAKAR ZPURIE T SRIET Clostridium ljundahlii 1)
FDH ( CIFDH), HAEHBHAAE T, AR
TSRS TR T 2.8 51 5.6 £, Rk, CIFDH
AT REZ—F NAD(P)'/ 4 mPH TRl KUK 450
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Fig. 4 Possible mechanism of oxidation and reduction of

metal cofactor-dependent FDH: Formate oxidation
(a) and CO, reduction (b)!'*
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Fig. 5 Positions of HCOj3 in the active site of wild type

and mutant G93H/194YP" (The acceptor carbon of

HCOj; is marked with character C and the leaving
hydride is shown by grey stick at the red circle)

4 ZHPEWEN COEE N RERE

BT % FDH MfFSE, AR 24 T 240l EY)
HEALTEFI ] CO, 47 I iR . SCHUCHMANN 4514
RIE T 3k H Acetobacterium woodii I — MK H,
FAH R AR, TE AL T USRI R, AR
727 25 mmol/L W RER , itk CO, i 5 i i, ¥
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¥, Pyrococcus furiosus i) FDH, L1l & 4 5= H
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B AR = B AR RE L TR SN A P A T
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BRI T —AFIFH CO, A 77 B R £6 B4 3 25 I 7
., LHT 45 mmol/L WHBRE =&, ™% N
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