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NAD(P)H-dependent oxidoreductases for synthesis of chiral
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Abstract: Asymmetric reductive amination is one of the most important reactions in the preparation of chiral amine
pharmaceutical intermediates. Different kinds of enzymes have been applied to the synthesis of chiral amines Among them, the
development of reductive amination reactions catalyzed by NAD(P)H-dependent oxidoreductases is attractive, as it would
permit a one-step transformation of prochiral ketones into chiral amines with high optical purity. In this review, the recent
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advances in enzyme structure, catalytic mechanism, protein engineering and the application in reductive amination reactions of
NAD(P)H-dependent oxidoreductases, including imine reductase, amino acid dehydrogenase, opine dehydrogenase and

reductive aminase, are summarized.
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Fig. 1 Scheme of reductive amination reaction.
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Fig. 3 Putative mechanism for enzyme-catalyzed reductive amination of ketonel*.
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Fig. 7 The structure of leucine dehydrogenase®. (A) The complex structure of LeuDH with NADH and L-Leucine. (B)

The active site of LeuDH with L-leucine and NADH.
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Fig. 9 Structures of phenylalanine dehydrogenase®®”.
(A) Structure of monomer of PheDH (1C1D), with NAD
and L-Phe. (B) The PheDH active site structure of
substrate, NAD and key residues.

http://journals.im.ac.cn/cjbcn

55 66 i Fl 78 o7 i 2 BR ik Bk DL K 262 i iR
KW R BEA AR (8 9B). HPL 34N
PR TR A A JEC ) % A4 8 Ko S AR AR A T 8y g 2
I} & B TR 45 5ok Uk, D118 S5 IR s Ak
HAER AR, 1 K68 M4 7 I Y A7 e,
R THAKSFIVER, Kr+25IF Bk ik
FierbE A . TR I i AR FL I B 2
Je SR T NAD™4S 4, SRJEiE T L-Phe AP R
BT . RN ERER 1 NADH,

5T, Brunhuber SN i 724481 T LeuDH
J 2 WL (9 PheDH i 2 SE AL AL (&1 10)°7,
TP LA PE B FIE A 7E, edl T IR .
K78 TEAbk itk a I (1) £k, Sk
W2 NAD S EAMER (11), TR E
+ (I); #F K78 & kK 43+ LUK W i i
(1), 3EIBRBER A (IV); 2R)5 K78 fiEfLRk
Beie 5 74k (V), D148 Ji] e KL A $E L 7, ff
PR NI RR ik L 5 K78 iy lsE2s & (VI),
AT DA L 24 P I PR 40t T 3 D AR SR o i
Yol R LRI, L 5 K78 s 25 A i A5
ik 5 NAD(H) 1 C-4 Al 5.1 A, XFF
BT IR A A S Ak T BRI, R SO
TRMEHTT o

TE D-Z IR A M (DADH) Hfsid i)
L2 & — R NADP R 1 S0 il P 91 i -
2,6- — & FEBE MR & M (Meso-DAPDH) .
meso-DAPDH 1] L4 h P RIEH . — 2RI
Xt YT E- — & SEPE R (Meso-DAP) Jik#) & —
R L 2, BT T8, BRI T8 AR
¥EFF B  Corynebacterium glutamicum [ meso-
DAPDH (CgDAPDH); 55— AU F B H XF 9 18
-~ 5L PE R (Meso-DAP) Jie 4y Ak it 2 1%
PE, BRI AT b iE v, SR HEAE
TEMIEY S, J& T A, f]dn ok iE T g
Symbiobacterium thermophilum A meso-DAPDH
(StDAPDH) (& 11)F8-401



2l F/NAD(P)H KRB SLIERES A X FRIZ R R B & FHEIRRVFA R R

Ko N'H, K NH, K NH,
0,00 .0, Cu-/{- : H+ 0,C
TNy —— —/ &»\
NAD  N'H.0 NAD N HO NADH
H H A o
o B 0‘ H, 1'\1 K
0=p N 0= 0" G
" s Il Dus 1 K,

NAD", Phe, H,0 £ (’NHl Phpyr, NADH

Ke-N'H
0,Cre{y
Q
NADH NH; ‘H NADH H”
|
0= H/NK,

B 10 #EEH) PheDH L% (B4R BE[37])

Z

O}

K-N'H

(o I\
( Q 0,0/ :
OC SH - N 0-H
w NADH H” ™H

H K78

\4 IV

Fig. 10 Mechanism of PheDH adapted from Brunhuber and co-workers®"),

DAPDH L
HOOC MCOOH + NADP* e—= —___ 2HOOC MCOOH + NADPH

NH, O

B 11 M E-2,6- — &5 B B B S 4 1k By T i A g )

Fig. 11 The reversible reaction catalyzed by DAPDHE4.

>k i F  Symbiobacterium thermophilum ¥
meso-DAPDH (StDAPDH) %TE%EEPEIM@%
— A EUA W JF A TG ) D-28 R I S , 38 e X
StDAPDH ) iifA%5+y (PDB : 3WBF) Eﬁﬁﬁyzﬂ
StDAPDH J& TN RAKES M, KRR ZE G718
Hrp (Kl 12A). StDAPDH il 5 CgDAPDH J¥7]
FEXT S PRSFHL AT, B0 StDAPDH (1) 1~ 24 212
Bk R35 Fil R71 76 1T AU p 2 i BEORSTF Y, Sl i —
LI HT AL, R35 HIEIEMEMIE I M, FHA
SRR AT AR DG S IE R AR BE . T R71 AU
PEFCA &, T ELZSE0 StDAPDH JE A -1 1
IS LR IR I JH:% StDAPDH HHffFAEPIAN N
FRER A4 A iliE, i F M152 FWIfll, Asp92
Ml Asn253 5 M152 AHEAEA, MM Al fig 52 i
StDAPDH 4iiiskiz s & HAiEfkvERE (7 12B)°9,

% : 010-64807509

Wt E— A ST, Gao 254 S StDAPDH
P A P i - 2k PR R N A B A Ak BIL TR
(1 13)MY, & S R A M P T - — e P R
Co 5% RN F MBI T CAN |, A MER
B (1); BB HI5A (ERT, KTk
WREER, R EEe (11); B %5
il HE N L-2- A k-6 B B — R AN (11D).
23 WEWRIEEHEESELIE
Asano E7E LA N-(1-(R,S)- R 2k Z B ik )-S- 8 N
2R (K 14) NIRYIMNE BRI LR &
OpDH 5 FFE Arthrobacter sp. strain 1C, FfMix%
Ebk T Eh Ak OpDHPY, D) LR NERR . N
R IR Y), NADH {E M4, OpDH-CENDH
VE A AL AL S P08 B N-(1-(R,S)-¥R % 2. b
H)-SENEARR . HAbsKME L-ZERUHE L-

. cjb@im.ac.cn



1802 ISSN 1000-3061 CN 11-1998/Q A:# T.#2%:4 Chin J Biotech

NADPH-binding
domain

12 StDAPDH BI4E#IREE (A: StDAPDH HIE&
Y45 R, B: SIDAPDH £Z5#938: NADPH & & #i8, (4F
&), ZRhEmE (ER): CinslE (L48))

Fig. 12 The structure of StDAPDH. (A) Complex structure
of StDAPDH. (B) StDAPDH domains: NADPH binding

domain (green); dimerization domain (blue); C-terminal
domain (red).
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Fig. 13 Proposed mechanism of deamination of meso-DAP by StDAP .
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Fig. 14 Reductive amination reactions catalyzed by
opine dehydrogenases OpDH-CENDH from Arthrobacter
sp. strain 1.
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Fig. 15 The structure and mechanism of OpDH**1. (A)

Structure of OpDH from Pecten maximus with L-arginine,

pyruvate and NADH. (B) The OpDH active site structure
with L-arginine and ligand pyruvate.

% : 010-64807509

R R R, Lk segh L, DB ER 5N
Pl R 3k PR A ) 5 B A5 5 T . MAE IR 5 N
iR & Z Ja AR S G h g2 3] Q118 Al
H212 i 1) JLF- B A Al ek 28 (K] 15B).

A, BEAFECAREHEE NADPH AR i 21 1)
PR B AR IT , 3 3 W 7 1 T A4 G2 i IV 00 A A T e
T CA QLI H R JFE R, BRI AE X Flie 52 rh 4
TR R ARLE SR B2, NMR 15250
WFFEE T THRSE L-HG 20 R T 2 5 it 1) 22545 It
FeSl @ WE i 15N FRICHY apo &1, fE
15N-1H-TROSY St i 4% 5 Mg, A LI L3
NADH (%54 X ik b 200 8 7 A T 4R35 .
7E15) OpDH-NADH & & ¥ ishn LS AR Z )5
NSRS — A P By, (R 224 PN R 7 45 o 81 [ e
MRS YR EIAE EBE s B4 . X — S AT L
WERZE BB AL R N P LR S R 72 NADH 5
OpDH 4G 25 SM4S a1 . iRt A s i
ST WA 2 LA R A OpDH-NADH &
G YIEE, AT LR R T R AR, S AT
il iR 2] R RE O & A PR, ARG B AR A o
24 TR CEERY S S ELNE

W TR JEPE R AL S RedAm REAS 52 PLAR 5
i (1) S5 B ORI I AL, B2 G0 H = 4 s [A] 45 4
(apo % holo J£:X) #E4T T f##T (PDB 5G6R: AN%h
SEYIHY apo X, PDB 5G6S: 454 i) holo
B ). 458 BoR % EA BB (1) 57 i i N i ] P58
TRIR =AY, AR A N SR
Rossman Z5 43kl C Bt 1 o~ e AR 245 44 504 i
P AR S b ] o — MK o-IR R i, A
SERIRZ (A AR HE o B8 AR 22 [ 1) 38 SAE 1%
B RAR (B 16) . 12340 Ji e 1 e Ak it 1 = 24t 25 i)
ik, RWES A KA 2 AR B /T
L0 Y B 1A e, TE BRI 4 A X, 4k T
AL = M 1A Asn93-Asp169-Tyrl77. Jy T IR ik 5
P T B A T RS B 10 3 - WL S AL, Rl2y

. cjb@im.ac.cn



1804 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

Rossman domain

_¥D175

(B)W215 Nog
NADPH

(B)M244

Dimeric a-helical beam

[ 16

i R I EN AR (L B ) — B ARG5S EE-NADPH- R & S M KHEAED" (L& X1H: Rossman &iigidi: &
BRXE: ZRIN «IZHER; AEXE: E-NADPH-K1))

Fig. 16 The dimer structure of reductive aminase and the complex of RA-NADPH-substrate®”). Purple region:
Rossman domain; blue region: dimeric a-helical beam; red box region: RA-NADPH-substrate.
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Fig. 17 Proposed mechanism of AspRA towards ketones?"),
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Fig. 27  Asymmetric reductive amination of PPO
catalyzed by glutamate dehydrogenase mutant for the
synthesis of L-PPT and combined with glucose
dehydrogenase, glucose as a secondary substrate for the
regeneration of NADPH.
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