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Enhanced Activity and Thermal Stability of Formate
Dehydrogenase (ChFDH) via Semi—Rational Design

NI Hanmeng, HU Mengkai, ZHANG Hengwei, ZHANG Xian,
PAN Xuewei, RAO Zhiming, ZHOU Nandi"
(School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: Formate dehydrogenase (FDH) is one of the most effective enzymes for NADH
regeneration and is extensively utilized in the food, pharmaceutical and chemical industries.
However, wild-type FDH often suffers from low enzyme activity and poor catalytic efficiency,
resulting in lower product conversion and hindering industrial production. In order to obtain FDH
with improved catalytic performance, FDH from Candida boidinii was used as a template and
HOTSPOT WIZARD v3.1 was employed for three-dimensional structure simulation and prediction.
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And 2 mutants, P68G and Q197K, were constructed. In comparison to the wild type, they exhibited
11% and 33% higher enzyme activity, respectively. The improved activity was attributed to the
replacement of the phenyl ring on the side chain of residue P68G by hydrogen, reducing steric
hindrance for formate substrate entry, while the mutation of the side chain amide group in Q197K to
aminobutyl enhanced the flexibility of the enzyme. However, these 2 mutations negatively affected
the thermal stability of FDH. Hence, a cysteine mutation was introduced at position 1239 to form a
disulfide bond with C262, thereby enhancing the thermal stability. Ultimately, the mutant strain
CbFDH Q197K/1239C was obtained, which exhibited remarkable improvement in thermal stability,
displaying a 31% increase in enzyme activity compared to the wild-type and a 45% increase
compared to 1239C. This study demonstrates that the activity and thermal stability of FDH could be
enhanced through semi-rational protein structure prediction, providing a reliable theoretical
foundation for the efficient construction of FDH with stable performance and strong reducing power.

Keywords: formate dehydrogenase, semi rational design, Candida boyding, site directed mutation,

coenzyme cycle

NADK #i #9 B g i % B8 ( formate
dehydrogenase ,FDH ,EC 1.2.1.2) J& T D-2-} 3R
It S il e A, R I A O A T AR A
NADH FAE i 2 —12 5 UL BB SR A A= 9, 19l
AT ) R A — S R R A BT | A R AER T
FH T2 6 S AT LK R R R DG 4 1Y) T R Bk i A Ak
B CO,, FFHI AT NADE Sy 4l A 742 52 F1 5% 7 S0 T
7 A K i NADH® SO 2 5 9% T A X PR &
F G Wit B b NADH 9 J5U 47 Ff AR 010 FL 7
1995 4F, HRR 1B SRk © 2 91 TR ST &R i A
filg LSS L8 2 R 1 Tk Ak A 7= b g T 2
FhAE R IR IR | TPl S A A A= s, Al T
T 7] W 0 S Tl R ST W8 1R I I A A S Y i A
TR & W IR i & 1Y) 2L 5 N 7= ) CO, BB 25 55 AR &
ik, JF BRSO N A R pH 1 21728
A, R BEAR T A 77 2o A8 v R B iy i AS . 4R i
Y A= Y % FE R S B AR R 2 L IS IR AR
R, AR 1 RN AR & AT NADH AR A 2
HE I 7 it e A AR AR PR it vy P R e L 1t 17
R s PR R 5 LT NADY/NADH i il 7172 14 4 1 g
TIN5 — R

Bifi 5 R DA T AR B H O i, 22 Fl A [R) o T
FH T2 ot & g R M A BT o B e R R Gk HL e el
T2 EEEE (Candida boidinii) &5 i) iR R & itk
TR IZ o 2 )R Ak AR 2 R 3t Sl el 1Y
WA TBez — il A Y 8 22 Y 578 SO I A
Hh i LA UM ROR A 2 AR IR A8 i ik

FH T2 J0 I 19 7 12 A il ) (HL T ] 28 AR A 1Y
i e BT AR W S Ak HAERS . UTAESR  BEE & T
TARREOAR B 3 ke | Ok 22 B 2 B AR S5 1
RO B Fgf A7, IR ST AT B RS PR R O e T A Tl R
PE GG AR E M S T R AT O GE , KRR
S LR AR AEWAZ IR LB = FDH PEREN™, VR i
WIHTF COFDH — &5 H3H R 1, M T A10C,
1239C 78k, i 51 A D2 IR 5k L8 i o i
KRR T CoFDH AYHAZEPERT, Bulut 55 X HEAF
TR 22 1 R R IR ) HY R B S Y Phe285 GIn287
1 His311 A7 <5 2 S MR AR B 2E AT i 8 Rl T
HAR Sy PAAR 8 T WO R I RIS 0, Q197 Al
P68 37 28 FE MR 5k e I Ay S 52 Wi VR 5t <=0 ol ol T
AERE RO E A, B E B BB A R
A R T AU BN TR BRI R Y 8 A
I T E Bl T PR R J5 4 A R R AR L R
P X il 1) 52 M 45140, Sumbalova 25 3% 11 H HotSpot
Wizard web iz 55 #% (http://loschmidt.chemi.muni.cz/
hotspotwizard/) , H: 5= %2 Dy G J2& £ X I A7 S AR
3 0 v B O T RE 0 A R A A 1A TN
AR IR 22 S5 R B AT A R 2 AR R RE
e, DAIA 2 3 v 2 1 o py B M IRV T R R
S PR AR B PR Y H AR

VEZE B JeR WO T i 22 I B ok IR0 HY IR I =
fitt (CbFDH) £ KW b = Kk, KI5 AL H]
HOTSPOT WIZARD v3.1 (https://loschmidt.chemi.
muni.cz/hotspotwizard ) X CbFDH 2 3 i J7> 51] 45 1l
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MR, . E IR IR F P B AL A8 (CHFDH ) 3 ) A A AE R M

W, DA e B SR AG COFDH. 11 il 1% &
AR E Pk 2T 1E , P68G Q197K 28 48 bk L it 7% 4 F
ARy BB 1% 33% , 5 28 A8 (R s e v 1
R, DRI 235 5 1 00 T AR — 20 51 A i f DAAR
RAFRIAR B M, AR — RIS E T B R
T, PTG 4 Y A B v 31% (35 1239C 42 i 45%
1 2845 #% ChbFDH Q197K/1239C.

1.1 Bk RS
e KW ATF B Escherichia coli BL21 (DE3) fE
hFikGE £, #IK Candida boidinii H PR FDH %
Cbfdh (GenBank % 5% %5 :AJ 011046.2), %A
Chfdh 115 pUC19-Chfdh JF i i 75 45 ol A Rk 4
A BRA A G IR KA AT R A 18 &1
P 4Pk A7 % 0% 74k . pET-28a g B Novagen 23
Al AT RB A Z UM AR S B 1 R 2
W H A R (P E RS ) s Bradford 2 F BT R
WA &L RRER WAL T (L)Y TRA R
28 ) 5 R TR 5 UER & W B Generay 23 W 5 JR
AR B EER U S BRI H OXOID (B ) ;
®1

1 wel5HE

HoAt =500 0 1 = 2548 A (P 19 ) .

1.2 #MRF*

121 FakArHhHE L pUCI9-Chfdh F s
AR Cbfdh—F/Cbfdh-R 514 PCR ¥ 15 4k45 Chbfdh
LK LA pET-28a A BEA | H] 28a-F/28a—-R 519 2
1] PCR 4" 34 ARAG et AL 2l A JE DA R Be 5 Aot Ak 3
P ol W ks, S AKRGIFE E. coli
BL21 ™, #E & H KT BL21/pET28a-Chfdh .
PL pET28a~Chfdh MAAR , B it S48 54, il i
1] PCR 51 A48 45 Mt — R A SRR, Al A A8
DAL B 2 O 6 4 ME R N RN O B R B R 5E 4
IEf G AR IC R, AT T S I an 2k 1 s .
122 E@di Rk A BHAREZ TG,
PR TR R T 5 A 50 mg/L AP R A 10 mL
WA Luria—Bertani (LB) 3% 3% 3£ A7 ;37 °C .200 r/min
9% 10 h, #AEFA TR0 195445 2 50 mL LB 55
FRFH |37 °C 200 r/min EZEHGFE 2 h, IN ALK E
A 0.8 mmol/L 1 IPTG, 16 °C .180 r/min 55 10 h,
SRJG 4 °C .8 000 r/min &5.0> 10 min YA R A, 40
PR 2 G 2 7F T 0.05 mol/L. PBS Z& #hifi (pH 7.5)
w8 FH R PR D T AR AR AT A M R A L R

ARSEIET RS

Table 1 Primers used in this study

EILZEZ SIYIFE51(5'-3")

Chfdh—F

GGTCGCGGATCCGAATTCATGAAGATCGTTTTAGTCTTATATGATG

Cbfdh-R

ATCCTCGA GTTAGTGGTGGTGGTGGTGGTGTTTCTTATCGTGTTTAC

28a-F

CACCACCACCACCACCACTAACTCGA GGATCCGGCTGC

28a-R

CGATCTTCATGAATTCGGATCCGCGACCCATTTG

P68G-F ATTATCATTACA

ACTGGATTCCATCCTGCTTATATCACTAAGG

P68G-R

ATAAGCAGGATGGAATCCAGTTGTAATGATAATATCGGCATCTG

G117V-F

TTGGAAGTTACCGTTTCTAATGTTGTCTCT

G117V-R

AGAGACAACATTAGAAACGGTAACTTCCAA

V120S-F

GTTCTAATTCTGTCTCTGTTGCAGAACACG

V120S-R

GCAACAGAGACAGAATTAGAACCGGTAACTTCCAAAAC

A172V-F

CTATCGCCACCATTGGTGTTGGTAGAATTGGTTAC

A172V-R GTAACCAA

TTCTACCAACACCAATGGTGGCGATAG

Y196K-F

GAATTATTATACTACGATAAACAAGCTTTACCAAAAGAT

Y196K-R

ATCTTTTGGTAAAGCTTGTTTATCGTAGTATAATAATTC

Q197K-F

GAATTATTATACTACGATTATAAAGCTTTACCAAAAGAT

Q197K-R

ATCTTTTGGTAAAGCTTTTATATCGTAGTATAATAATTC

A220S-F

CAGTTAATTCTCCATTACACGCTGGTACAA

A229S-R

TGTAATGGAGAATTAACTGTAACTATATCAGCTTGGG

1239C-F GGTACAA

AAGGTTTATGTAACAAGGAATTATTG

1239C-R

CAATAATTCCTTGTTACATAAACCTTTTGTACC

TE A B DI 5, T R e IR IR 41, KL Sy 248 a5
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muni.cz/hotspotwizard) H' ) FUNCTIONAL HOT
SPOTS (% 17 4 v 0 K T 4 388 16 B T g B ] 728 B ke
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HEE S

LR

21 RTAEE
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e 5 RYHEAT IO, BAFAR 4 P Y Rosetta AT FoldX
B X R TSN 1 B A RS e AT AE T
D2 A5 i 11 ] B 4 48 TT 5 iy ] (8 B 46 1) 4 ik 1R 3%
F o R RRYE 2 4 BLA oo v AR 1 2k R AR AL A
A1, B0 P68 F Q197 FH R4 % kAT 58 A8 Ty S8 Fui
e 2 3k $F W 2€ A A s P68G Q197K Y 196K |
V120S . A172V G117V [A229S #— 158,
22 BHHFEMHERERAWL

MK AT B P COFDH () SR ik, i
i Chfdh £ 1) pUC19-Chfdh kL E 14 1 Chfdh
IR B, SRR pET28a 4% 11k 5% A E. coli
BL21 ", ##dE 4 K AT I BL21/pET28a-Chfdh.
SDS-PAGE & H BB IR AR Bon (WWE 1(a))
,BL21/pET28a~Chfdh T 28 T/ ) 20 Jfd Bl ¢ i L= ¥ A
TUTE o 7 B 3.5x10%~4.5x10* B & hnkL 455, 5
CHbFDH F e Al Xt 43 F 1 & 40 000 AHAF , X 3K W]
COFDH TE K i B 2R3k

it — 58 CoFDH W= 5, K+ CbFDH
NG AT o3 5 AT TR a4k, 4l SDS-PAGE
St E 1 (b) o kAl 1 OB A A BL21/
pET28a—Chfdh T 2H T PR 240 MRS B 138 W, 2 Ak s 2
if§ 2 (4 5 2571 7E 40 000 2247, 5 PRI B 5 AR X
TR AT , S8 AR PR BE A 437 I B TG B B AR Ak
23 EENE
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Fig. 1 SDS-PAGE analysis of FDHs expression and purification
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Fig. 2 Enzyme specific activity of mutants
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Fig. 3 Enzymatic properties of mutants
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Fig. 4 Three—dimensional structure of mutants
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Fig. 5 Enzymatic activity of combined mutants
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Fig. 6 Thermal stability of combined mutants
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Fig. 7 Three—dimensional structure of combined mutants
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