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BT 5, IF BAEETE O S iR a1
s F AR T 3 20 40 90 4EACH I, NAD KR
FDH A M 3 Mt i 35453, ‘e41143 51l 2& Pseudomonas sp.
101" Moraxella sp. C2 (EMBL accession Y13245)LL &
Mycobacterium vaccae N10U%. Hi7E 4 N 13 il i
(Paracoccus sp. 12-ARY Ancylobacter aquaticus*?,
Thiobacillus sp. KNK65MART25) | 5 Fit fi# (C.
boidinii™®, C. methylica'”, Pichia pastoris!*®%%). 6 F
FL# (A, nidulans!™, N. crassa®4%) 3548 T £ Fh FDH,
ForHT T FDH MRS, Ak, F I S B A7
T S R AR R s e
TR, [RIFP2E FDH 20 [FJ5E KT 80%,

UG A [FIFR K FDH [R5 PE tE 50%~55%.2 [0,
AL AR 36 A FDH 4@ 41, BLK 25 4~ FDH #i7;
JPA1, X288 FDH FSRIEA AT [H]. 0 Ee AT R0, OR~F
R FERRIEFEA 714, 1 FDH K73 B K% 365 A4
WAL, KRR 2001 E IR IR RIS R R A. R
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BTG I, DRSFIRIERI I RE A F . A Lo R~ ik (A
BTN Lys2—Asp89) i 45 fa WAL 4 M I E ], A4t
(Argl163, Asn164, Trpl77, Ala180, Aspl188)Illf & iy
Z R R BRVE AT, it A AR D 1R 5% [Pro97, Phe9s,
lle122, Asn146, (Ala/Gly)198, Gly200, Gly203, Arg284,
GIn313 1 His332]Z 5Ll f2. BhAl, W EEmi

Asp308 LI, Pk & (R FLA NAD' JE 5a Ik I 2 L f
g JE A, 1 FDH 955 255 Mk Cys255 MJmf LAY
NAD* ff) R4 %z 26 A F B2,

BTN DO ERERI AN 1R h ¥ FDH 14T T LRAR, &
AN g ) FDH SEhnsse, #& P, Pseudomonas
sp. 101 1 f¥] FDH &34 B 40 1 Bk s (R 4% FDHE,
JE SRR FEN OB 582 K 34 T4 FDH RSO
3 H.
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1, A pH BRI AT O B K Bl pH G (R
1). KZ¥ NADHHE FDH 7853 h s 2 fa ey, H
J& Pseudomonas oxalaticus H'[f] FDH 75255 Aigfa
52, BRI Ba HRER R e, IF B KRS
O AURBUR. K4 FDH HA AL #As e v,
1. 55~60 “C . [AIT ARG AN [vl K5 10 FF 2 i S g 1 34
Pk R A LR 1.
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Table 1 The physicochemical properties of NAD'-dependent FDHs

Source Subunit (kDa) Optimum pH Temperature stability ('C) Reference
Pseudomonas oxalaticus 2x100, 2x59 7.5 [24]
Bacteria Pseudomonas sp. 101 2x44 6.0~9.0 55 [25]
Mollaxella sp. C-1 2x48 6.0~9.0 55 [26]
Candida boidinii 2x36 6.5~8.5 55 [27]
Yeasts Candida methylica 2x46 6.0~9.0 50 [28]
Hansenula polymorpha 2x40 7.0 60 [15]
Pichia pastries NRRL-Y-7556 2x47 6.5~7.5 20~25 [29]
Fung Ceriporiopsis subvermispora CS105 2x42 6.5 30 [29]
R 2 AREIRIREBINAD ~ (K i ZUFDHAY 2 Rz AL HI FR 50 h 288
Table 2 Kinetic properties of formate dehydrogenases from various sources
Specific activity 1 K for substrate K for NAD* Kinetic
Enzyme (U/mg) eat (57) (mmol/L) (umol/L) mechanism Reference
Reaction with formate
Pseudomonas sp.101, native 10 7.3 15 80 Bi—Bi random [9, 32]
Pseudomonas sp. 101, recombinant of wild type 10 7.3 6.5 60 Bi—Bi random [9, 32]
Pseudomonas sp. 101, mutant 10 7.3 6.0 35 Bi—Bi random [9, 32]
M. vaccae N10, recombinant 10 7.3 6.0 89 Bi-Bi random [10]
C. methylica, recombinant 21 14 - 55 Bi-Bi ordered [17]
C. boidinii, native 6.0 3.6 5.6 45 Bi-Bi ordered [15]
C. boidinii, recombinant of wild type 6.3 3.7 5.9 37 Bi-Bi ordered [15]
S. cerevisiae, recombinant 10 6.5 5.5 36 Bi-Bi ordered [31, 33]
Reaction with thioformate
Pseudomonas sp.101, native Reaction is absent, the competitive inhibitor for formate, K; = 6.5 mmol/L [7]
H. polymorpha, native (37 °C) 0.92 0.61 1.8 - 7
C. boidinii, native 1.17 0.78 2.0 - [7]
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(3~10 mmol/L)#1 NAD"K [ %4 (35~90 umol/L), 1fjzE
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Table 3  Kinetic properties of recombinant wild-type and mutant FDHs from yeasts S. cerevisiae (SceFDH),

C. methylica (CmeFDH) and Pseudomonas sp.101 (PseFDH)

Keae With

Keat With

Enzyme K, nap+ (mol/L) NAD® () K, nape+ (mol/L) NADP* (s°) Reference
CmeFDH (wild type) 55+4 (0.2 mol/L formate) 1.4+0.1 - - [34]
Mutant CmeFDH D195S 47004300 (0.2 mol/L formate) 1.6+0.1 - - [34]
SceFDH (wild type) 3645 (0.25 mol/L formate) 6.5+0.4 — - [33]

7600+800 0.095+0.01 45004500 0.13£0.01
Mutant SceFDH (0.25 mol/L formate) (0.25 mol/L formate) ~ (0.25 mol/L formate) (0.25 mol/L formate) [33]
D196A/Y197R 8400+900 0.12+0.02 7600+900 0.16+0.02
(0.5 mol/L formate) (0.5 mol/L formate) (0.5 mol/L formate) (0.5 mol/L formate)
PseFDH (wild type) 60+5 (0.3 mol/L formate) 10.0+0.6 >0.4 mol/L — [33]
Mutant NADP"-dependent ;150 (0.3 mol/L formate) 5.0+0.4 150£25 25+0.15 [33]

PseFDH

(0.3 mol/L formate)
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R (>90%), 175 (194 & J0) L 721 100 mmol/L, A1y
] DA B AR 2B PR R BT, SR B BESLAR A
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KA, MM FDH 738 E PE. Pseudomonas sp.
101 1 FDH (1) 2%3% 22 M0 Cys255 FRFEE4 A el &
W A 1B, K2 B4 1 FDH [f) Cys255 BRIL AL T
HRFSS A30, 5 NAD I IR BL A AR OGS, RHR
FYNB FDH 14k 2= R e PR B /EH]. Tishkov 4%
ML Pseudomonas sp. 101 H(¥) FDH #E47 T Cys255Ser
H1 Cys255Met [)5E mRAZ, A5 FDH L A AesE I
/LTS FDOH #2851 2 NMER, ARG
Hilg9 T 54l NAD 454 RS, Xak{T T Cys255Ala
e pige s, AR Th, 58748 5 FDH K8l 2%k iy
$2E FDH {#FF—3. FDH 4> 76 &4 HiAth Cys 5k,
BEAREANIVER L Cys255 554k, {HAbn] Ag &1
FTi& . 14 Cys255 &4y Ala fIIRIE, #f Cys145
Cys354 % #ly Ala, RAZJ5 FDH k7 Ag e L L
R4 7 1000 13507,
3.3 HERISERIMIEE M

7% FDH 11 Cys B AEUEA TR f5, FDH [#iE e
PEHIFEAL T, %1 Pseudomonas sp. 101 Hi(¥) FDH,
Cys255Ala #i1 Cys354Ser 58 A A XS 42 FDH HI#RIE
HR S L T 4 R 2 £%5. C. boidinii ff) FDH 28748 Ji7 #4
Rtk FBR135 %, Cys23Ser Fl Cys262Val 5345 {4 fr) i
RITHEF IR T 6 1 19 1%, mEAZRA A C23s/
C262V Fl1 C23S/C262A [FFARITH R M 43 ¢ = T 100
i1 33 {51,

b T 255 Pseudomonas sp. 101 oY FDH fry & & 1k,
) FEASE FH 52 ) SR IR T v MR 0 ou g i 7 A Ak 38 e
YERIFNZ IR A T DABE i B I S PRI S, PR
AL T RAR, B JRIERE T AT, IX T AT
X FDH 13l 775 P A 2. 1% 20 R AR T
b5 A PEGE PR B T B, LR e e BT A
) 10 5. iZSARARAE 45 CHIZAE R ARG 3 A AR
S RIFHITEYE, B4 FDH 78 60 d JEmtse 42 T
‘fi[“].
3.4 FDH BYHETF=R A

SR TR vn] LR i =y FDH (e, Jf
H PR R s i g faidb ik f2, i F#A% FDH (1)
HAS. Tishkov 25Uy 7 —RHE B4 E. coli kA=
Pseudomonas sp. 101 [ FDH, 1% 415 50%~55%115
KR AHGE IR YE FDH. £E 400 L (R BERES,
FDH fA4E =0 ml LLA F] 25000 U/(L-d). 75—,
LA 11 e 2 A A 5 8 R i 3ok R R DA A R ) A
IR IR, T FDH FAKEE PR IR e s A 3 e o 2
AT FE AT Ry B D IR 0 b I R B R 1 0 PR e i
YA 58~60 'C FALFE 15~20 min, AT LUK i 1 40 5

500 = 21| 80%~85%, IXAFEI4lEX T FDH [ 2
2t 7. AE FDH B2 AR Z17E 0.010~0.015
$/U, CALLIRTFERT 10 52 2, MifE ez T
WA=, FDH A Ry 5 A 1 5%~8%.
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S FDH 12 W H.
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Formate Dehydrogenase and Its Application in Cofactor NADH Regeneration

HUANG Zzhi-hua'?, LIU Ming*, WANG Bao-guang®, ZHANG Yan-ping*, CAO Zhu-an!
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Abstract: NADH-dependent oxidoreductases are valuable tools for the biological synthesis of fine chemicals and chiral compounds. As
the reducing equivalent, cofactor NADH plays a critical role in those reactions. Due to the high cost of the NADH cofactors, in situ
NADH regeneration is required for preparative applications. NAD*-dependent formate dehydrogenase (FDH) is an abundant enzyme that
plays an important role in energy supply of methylotrophic microorganisms. FDH captures increasing attention in recent years, and is
widely used in enzymatic syntheses of chemical compounds as a versatile biocatalyst for NADH regeneration consumed in the main
reactions. This review covers the latest developments in cloning genes of FDH from various sources, studies of its catalytic mechanism
and physiological role, and its application for NADH regeneration from the following aspects: chemical stability, thermal stability and
cost. Future development of FDH used as NADH regeneration platform is also illustrated.
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