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Abstract: Chiral amino acids represent a crucial class of chiral building blocks with significant value in food,
medicine, chemical industry, and agriculture. The market scale of pharmaceuticals, pesticides, food, and chemical
industries relying on chiral amino acids is substantial and has been attracting increasing attention. The pursuit of
efficient, environmentally friendly, and cost-effective synthesis of chiral amino acids has long been a goal for scientists.
Commonly used preparation methods for chiral amino acids fall into four following categories: protein hydrolysis,
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fermentation, chemical synthesis, and enzyme-catalyzed synthesis. Among these, enzyme-catalyzed synthesis has
demonstrated great potential due to its mild reaction conditions, high stereo-selectivity, simplicity of steps, and wide
application range. In recent years, with the rapid development of bioinformatics, protein engineering, and
computational biology, there has been an increasing number of high-performance enzyme preparations developed,
leading to a steady increase in the diversity of enzymes and the gradual diversification of catalyzed reactions, further
promoting the wide application of enzyme-catalyzed synthesis of chiral amino acids. The enzyme-catalyzed synthesis
of chiral amino acids can be categorized into three groups: asymmetric synthesis, deracemization synthesis, and kinetic
resolution. Kinetic resolution, due to its theoretical yield of only 50% and low atom economy, is not suitable for
industrial applications. In contrast, asymmetric synthesis and deracemization synthesis with theoretical yield of 100%
find wider industrial application. This article reviews the application of enzymatic asymmetric synthesis and
deracemization synthesis in the synthesis of chiral amino acids. It includes the development and modification of key
enzyme such as amino acid dehydrogenase, transaminase, ammonia lyase, aldolase, amino acid oxidase, and amino
acid deaminase, as well as their application in the synthesis of high-value chiral amino acids such as phosphinothricin,
tert-leucine, and intermediate of sitagliptin. Additionally, it summarizes the main challenges faced in the field of
enzymatic synthesis of chiral amino acids, such as the lack of key enzyme components, and low enantioselectivity,
narrow substrate spectra, low catalytic activity, poor stability, limited reaction conditions of wild-type enzymes. Finally,
it looks ahead to the application of cutting-edge technologies such as automated experimental devices, machine
learning, and artificial intelligence in the field of enzyme modification, as well as the development of more efficient
and environmentally friendly catalytic processes through reactor design and reaction process control. These endeavors

collectively aim to facilitate the broader industrial application of enzymatic synthesis for chiral amino acids.
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Table 1 Comparison of three common methods for enzyme-catalyzed synthesis of chiral amino acids
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(a) Cascade synthesis of chiral a-amino acids by branched-chain amino acid aminotransferase
(BCAT) and ornithine aminotransferase (OmAT)
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(b) Cascade synthesis of L-phosphinothricin (L-PPT) by transaminase (TA),
glutamate dehydrogenase (GluDH), and alcohol dehydrogenase (ADH)
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(d) Chemical methods are coupled with aspartate transaminase (AspAT) to synthesize L.-3,4-dimethoxyphenylalanine
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Fig. 10 Synthesis of chiral a-amino acids by asymmetric transfer of amino groups to keto acids
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Fig. 11 Synthesis of intermediate of sitagliptin by asymmetric transfer of amino groups to keto acids(a) and TA-transaminase(b)
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(a) Coupling different transaminases (TA) to synthesize (S)-4-aminopentanoic acid
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Fig. 12 Synthesis of chiral non-a-amino acids by asymmetric transfer of amino groups to keto acids
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Fig. 13 Enantioselective addition of ammonia to a,B-unsaturated acids by ammonia lyase (AL) or amino mutase (AM)

Aspartate ammonia lyases

HC\ﬂ/‘\\/ﬁ\uH + NHy
Methylaspartate ammonia lyases
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Aromatic amino acid ammonia lyases
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Fig. 14 General catalytic reaction formula for ammonia lyases used for chiral amino acid synthesis

DAL—Aspartate ammonia-lyase; MAL—Methylaspartate ammonia-lyase; PAL—Phenylalanine ammonia-lyase;

HAL—Histidine ammonia-lyase; TAL—Tyrosine ammonia-lyase
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Fig. 15 The catalytic mechanism of transaminases of ammonia-lyase
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Fig. 16 Enantioselective addition of ammonia to a,B-unsaturated acids by phenylalanine ammonia lyase (PAL)
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Fig. 17 Computational redesign of aspartate ammonia lyase (DAL) for the synthesis of several unnatural amino acids
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Fig. 18 Enantioselective addition of ammonia to a,B-unsaturated acids by Methylaspartate ammonia lyases (MAL)

ADC—Aspartate-a-decarboxylase; CrpG—f-Methylaspartate-a-decarboxylase; GAD—Glutamate decarboxylase; PS—Pantothenate synthetase
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Fig. 19 Aldol condensation of an amino acid to aldehydes by aldolase or hydroxymethyltransferase (HMT)
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Fig. 20 General catalytic reaction formula for threonine aldolase (TA)
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(b) The crystal structure of D-threonine aldolase from Achromobacter xylosoxidans (PDB ID: 4V15)
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Fig. 21 The crystal structure of threonine aldolase
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Fig. 22 The catalytic mechanism of threonine aldolase
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1%}l PLP-Gly ) Cou JF e AH B 14 77 f 44 734 ]
Fig. 23 Schematic diagram of the path hypothesis
[Aldehydes (MTB) attack Ca of aldimine PLP-Gly through the syn
path or anti path to form the corresponding configuration of products]

I E R LR RS W 2 5 ThrA Y JE X ik
B, B ARG RS MR RS, KR T
ZRMGAEF I Z LR & R R P f# ¥k ThrA
T T 3% PR 2 18] ) Trade-off iv] @ 2 H HT HIHF 5T
oo Wu S DO IR T — R R T AR O 85
(SR, A R B T AR HROUE I R R G B A 18
Pk 22 8] ) Trade-off 17 & . ThrA #& Jy#& 7+ T 2 fi%,
A I PR 55 94.21% ) & de CAR XS R & i & ,
diastereomeric excess) fH. YanZE " $EH T —Fh
F T L-ThrA 5 B e 25 Ve 42 0 1) “ XU A 37
ML, BRI = B R B R H>99% i defE. 5
BTG, TR B A TE R AR T 1.5
RS2, MEEYERRRE, R E
REA U DU PR 0] A4 108 5 % 22 8] ) Trade-off

192]

O

9
) . HZN\)J\
R OH

R, SIS R B T, 3R 4 = B AE A
TSR I N 77, 0 ol Ak AR 7= R
142 ZRABRAETF RS

SHMT & 25 W A4 P fHE Ak — Tl 5457 3 % (1Y) B 22
B, 54N HRARM2ZRAY, 5 ThA
FJ& T RARRAE LIS R K (1 2497& PLP
WO IR . SHMT fEH B VU = B2 (THFA) %
FRIL S % (PLP) A7 1E T Al b4 Ak H 2088 A0 H 1
HEERL-228% (K24,

SHMT HIEAEHLE B =B Bl . /TP
BCS PrA O PLP B AHIR] . 25 — B B PLP % A 1
B PEAL s R R TR SN 5 A, TR R B
s 8 MBS S PLP N I 5, TR
HMER G s 5 =By BEBEHEAL T L-Ser [ Ca BT ¢,
I3 N\ B THF 4 K7 . H 028 =B BERI ML
TN, HA WA 8 R 2 A R THF X
PLP () B #5255 % B ili o 300 [a) & BE AL 1) I\ Ol PLP-22
AR Ca-CpHEWI R f5, MY THF KA &k
N S —FPHLEIA N L THF [ NS B 5% PLP-£2
GAR & (1) Co J5 T HEAT B 4 1104

SHMT 7E i1k B-¥2 3 -0 - & SE R e HAT A )
A ROT AR B A A K 7). SHMT BHE) 1
RS, MMUREB 2 2 M A TR, e
WA RS, Ehe R 2 M B AE AR
EED, WHEREK. D-WE K. D-2 % %
S ol RIS, pl T A G THE X g 25 R A RS 18
1EH 5 8O B A A6 & s R R 26 0z 18 KT 7 fi
N R Y K, SHMT AL I 45 & e B B A
B IR A 2R . SR T AR T 1Y) SHMIT f# L 231
HRANFRE AL, AR LT T A=, N T fE
Yoix — ] @, ZAHBA R T TR KE SHMT
1wt 5E 1 . Zou 55 M R H 5 PCR A1 DNA
shuffling £ A% SHMT #HAT 3¢ Rl b Ak, BRINIRTG T
X IR 22 G R A v PR S 7.8 R R AE 4K . Rao
& 001538 35 %) dlcanivorax dieselolei S JF 1) SHMT
HEAT BEPE WU SR b, BRI $R S T SHMT

OH O
SHMT
—_—
PLP/THF OH
NH,

Bl24 2FBZEMAEEHEE (SHMT) BEMEIL SR —BiE =
Fig. 24 General catalytic reaction formula for Serine hydroxymethyltransferase (SHMT)
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(R s P A I o BRI A, Al Bl A ik R R
FEH BRI SHMT Tk b M EERF K, HH
T VA A R0 TR 3R mE A R A T 2 % SHMT
SFMCpRE R . R, RmEAEASOR. e A
AE 50 WA e B SHMIT (1 3 8 sy 17
1.43 R AR BESE RO 9 5 A

HAA & —RE LW F A E A&, oAk A
WM E/RAYES 20, JiEREERREEH
R AR 27, [FIB 02 — L6450 2 sl 0 245 70 (1 7
PERCy, B EER R M E P

ThrA OF 24 TAAR RG] . L-syn-Xf H
TR 2% 22 5 R A TR K J8 25 I DG 8 [ 44 . Zhang
25 Y H A L-ThrA 240 AL L-syn-%f HARZE 2K 22
RIRIE K, FRAF73.2% W 72 2R 85.9% AR X
Wk Gk B ME . Lin 5 3@ & AR TR A
L-ThrA 37 4& 3 1, 78 300 mmol/L JEMIK E T,
A B L-syn-X BRSO 22 S FR 11 de {H M 93.7%, %
35 90.2%. Wu % " 44 L-ThrA 5 PLP 3t [ &
1k 1] 4% {8 4 75 HEA™-BnLTA-STPLP 100, f# 1L 7
FIEHHIA 450 h, 7E L-syn-Xf HKIE R 22 F( R (1 1% 48
AR, AT T 180 2RI E RN (>60%
&), B-QQ-FRIEL) ZF R8T 23 B-Fa ik -a- &
R, MR PIA FOR 2-F FE-1-(2-PRIG ) 2, %
MIFPERT R . Ni&E 7 ST T —Fh b - B2 A A
Fo AL [ AR BR AR Ak 7R L-ThrA 4L A4 5
FORERE — 83 & BCF M B-(2-PRI ) 2 F )R, L-ThrA
AL R N 73.6%, ee fl N 99%, de 1 N 20%.
EIR ThrA O T 2N S A=, ABTESIARIE
BRIE . AR A AT A S 23 1) . it
TRNSEAT TheA LA, RH AT I & B 5 LA
OGRS, SRAFMEALPEREIR R ThrA, F 5k & b
IME B-F2 55 -0 L R T M BB & R I I T2 0

XfF SHMT i) Tolk 4k N H &1, H#ir H 1
L-22 5 2 F AR 38 . Rao 25 MY ZE AL Ak B 4k 2% 1
Jii, B SHMT 477 L- 22 & R 1E 24 h J5 K 1A 3
106.06 g/L, JE4RIE M H i e 1 L- 2 2 R~ & .
B T RIR=W L- 22 14, %A SHMT HAh Tl
N B R, 3 R R AE T SHMT X 3 K48
JE AL E PR, EL B AT AN T a0 i
HAA (B0 ek B A E . ik, 42/ SHMT
XoF AE TR R JEC A 1D A A 3 T R A o A 3 45 1 A S

B Tl AL B PR SR BT T T

ZR EPNIA, EIETR W46 SN AE HAA il 4 7 T
AHMEF RS, Bl RERMNERLEY
ARG, NERIXERAHEEAEYE RS
PRt 7 — kg, R, RE XM A
fE & M BATE J7, AR S bR B A 7 2 T i —
SePkik . OAEXT WA IEFEVEAR, BE4ENE S e T A
e R W AE M AL R T AR AT HE LS BN CB S AR AL 2
MIRE ARz, X IRE T de ERISETE, N T
AR IX — M, TR A R TREROR B WE
) BEAL AL RURE S R SR AR BT S B B, T
P ARXT AR B A A B R EE, @
TR B R T G S N — P S, AR
B B S AT R B 2, 7 B0 SN A AT AR B
(KA CLIE Bl S5 B e 7= 9 5 1) 4T 5 ) H AT AE
F g A2 2 P 200 = A JER 40 3 L 91 B 7 T A AE SR R
T, BIENSGEREICNEE, B2, i
REAN W FEAN SR QR AT B AR AR S
KRR AG AT FE B R I AR S N A
HAA il #& HF 12 N

2 KiHEL Ik

PV AL A BT M S R R 2 DL AN T AL &
VIR NI, i 2 b 2 K B AL 2 B R 3k 47O 5
afi F ke LR I % . 2 i g0 IE 25T ek A o
AW B0 —od I B3 1
53K AT e A R AR E A R B A S R T T
55 0B I VR AN AR A AR R B bR R R R
[E25@]. fh2E-BRERFED AR : B— P52
Bl 2 B A )5 7 2 b — @ i R 2R — b
(0 7= W) AR A Ik R VR A A R AR TR R IR, A
Wr B A H AR B ) s R R, DAA B R R H
) [E25(b) ],

21 BERIXEHIEMSHK

15 2 Bk K A& b, 5 — 20 1 g il
WONE IR HALE (amino acid oxidase, AAO,
EC 1.43.2/EC 1.43.3). L-ZHEM B2 M (L-amino
acid deaminase, L-AAD, EC 1.4.99.B3). &%
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Enzymc

+H3N"J\c02

R
F o
*HeN” O,

R
%CO{

| Enzyme

(a) 2 MR AL &5 AR

(a) Multi-enzymatic deracemization synthesis

Enzyme

R
'HaNJ\CO{

Chemical

R R
= +
HN)\COZ' +Hsm"l\cog-

(b) Ak 2Bk 2 TR AL A K
(b) Chemo-enzymatic deracemization synthesis
El25 XiHhEl & Rl

Fig. 25 Deracemization synthesis

i (AADH) 45, 55 25 W 5 KA FR
)ﬁqjﬁﬁHE@AADH?FD%%@E (TA).

AAO IS R IREW i H IR (FAD) A4l
T, R R E AR K MR
BT L4y N L-AAO I D-AAO. TEHA%MT, &
R 126 45 1 e 1 20 22 1R 4R A I 0T A B 1) - T
MR, AR AR B R KA o- B R AN
o [FN, S5 7585 1) FAD #E 47 B AL IF £
BE % H OB A i 1,0, (260, E RN H,
M&@%?W%Ho B RAE G TS
K. BRI, @SR EMNENE (catalase, CAT,
EC 1.11.1.6) 43 H,0, AL A<, TEHH T AAO
flEfk o Yang 25" 1503 T @ i B D-AAO,
AADH UL K 4 WA 5 22 G0 M\ DL-B 45 i 25 I AL A ik
L-Z5 g [&27(a)]. Zheng 25" JF & 1 W B — %A
Hemg, [FIFEE 20 D-AAO. CAT. B4 [ i S
(GIDH) % & i i &6 (GDHD 2378 et A= st
A LA . Yun 2 MY R D-AAO Fl o-TA i
1k 500 mmol/L #1H JiE 2-2 & T R A il 485 mmol/L 6
A L2-BHEE TR, eeli>99% [FE27(b) 1.

NH5*

BN

AAO

COOH Z N

FADH,

Hox_Loz

272

N

L-AAD 5 L-AAO T ReAHALL, 2 7E T %l ik
JEAHIR PR FEEEMREOE L, A4 HO,
(E128). XA F T FACHAE KA W b E R IE
MEEE, 380 R & R RGN R R AR E v
EHR—MBETRA ZHRYIE. Lins ™
HE T L-AAD $& FH H AL AL, X DL-4- R A&
PR 1 B A I8 31 49.5%, 1% L-AAD W] )5 2244
£ el & . Chica 25 'Y {f ] L-AAD 2% B¢
D-#6 G B0 IR A [F AL B A R R TR
FR AT A2 W) 14T £ A AL, ee {H >90%~99%
(E29).

1k B A5 Ae) B AE SR 1) AADH 8. 7] LA -
LI 58— 0 ) M. Shin %5 M 4 TR &R A
5 (AIADH). NADH &AMl CHiBgIEIR) 5
B (TA) 20006, 4L 10 mmol/L M Jie 7 & R A= 1k
D-H& B, WEHN95%, eelti>99% [K30Ca)].
Kan %5 U W T 2 Wi L3Rk AR K AT B B ik
¥ e PR e B D- i Bk % M S0 A L- 2 2 R M
AWML RIE, AL =0 N, Ak AN e
BEER1G 2 L-A H &R, eefi>99% [EI30(b) ],

H2
COOH e <’ )I\COOH

B26 AHEMREME (AAO) ML M — i

Fig. 26 General catalytic reaction formula for amino acid oxidase (AAO)
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“\gf,o “\lé.’tb
*HaN™ 1°CO,” *HaN” ~COo,”
D-AAO
S
oH v,
\I-!'"'
0% co,” coenzyme regeneration system
(a) L-B45 3

(a) L-phosphinothricin

/< D-AAO (/'1 o-TA L
HaN OH / : HN OH

Rz :
0, H,0, Amino donor  Co-product
CAT

(b) L-2-F TR
(b) L-2-aminobutyric acid
K27 AEREAMEES S LM IS BT R
AAO—R AR ALEE; AADH—ZIEMBIAEE: CAT A LEbE: TA-FEM
Fig. 27 Amino acid oxidase is involved in the deracemization synthesis of chiral amino acids
AAO—Amino acid oxidase; AADH—Amino acid dehydrogenase; CAT—Catalase; TA—Transaminase

NH;" NH," 0
/'\ 7T>L'AAD )J\ — )J\
R COOH R COOH
H,0 NH,"

R COOH
FAD FADH,

<

Cytb,  Cytb,

0, H,0
K28 L-mAEMWEAE (L-AAD) 1k S — il

Fig. 28 General catalytic reaction formula for L-amino acid deaminase (L-AAD)

R
NH " 2 ?
2 R
L-AAD H D-TA R ¢ H
o o] P Q NH;
R -
Y~ “OH D-Glutamate a-Ketoglutaric acid 4
ﬁHz I
1
1

[
El29 HEMMAGS LS EMHRLENTIEERER
AAD—ZER M TA—F = HE
Fig. 29 Amino acid deaminase is involved in the deracemization synthesis of chiral amino acids

AAD—Amino acid deaminase; TA—Transaminase
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1/20,+H* H,0

2

NAD'+H,0  NADH+H'

f;le \__/ (o] NH2
H R o + NH
~“coou ALADH )j\:ow * DolA 7\' )\coou

NH,

XL

(a) D-NAMR

(a) D-alanine

OH OH
mu MR mu DMDH
NAD'

NH
L H

I H

L-LeuDH
|

AD NADH NADH NAD*

(b) L-FH &R
(b) L-phenylglycine
B30 A ANZ S LM G T R R
ALADH—H 24 IR L 2l ; TA—F%lE; MR—mPERRIY hEd; DMDH—D-Jm kIR EME: LeuDH—RZAMIN A8
Fig. 30 Amino acid dehydrogenase is involved in the deracemization synthesis of chiral amino acids

ALADH—AIlanine dehydrogenase; TA—Transaminase; MR—Mandelate racemase; DMDH—D-Mandelate dehydrogenase;

LeuDH—Leucine dehydrogenase

2.2 WE-EEXHELEM

A 2 - il 9 A A R R AT S IR 1 25 9 e Ak
G . B LA 2E 2 O b 5 AAO BX
L-AAD B A = e S Al s/ R . Sl i AAO B
L-AAD 3l H b5 A6 28 1) 5 5 R A4 A8 i o- I 2 %
M, MEEERMERIMELT, o2 R A RANH
IR . EANEHNFHR LS, Hisk R
M ERA M R, DUAR LWEEAPEM.
Nakano %5 " 43 7 —FpsifasE MR L-AAO S5 &l
FERERAR 2, n] B ] 45 ee>99% 1) 3--D- K A
AR 4-fHEE-D-R AR D- R E R [# 31
(@] Tto %5 " FZ M4 R 258 B A2 B — R 512K
WRBATAEY, AR 84%~95%, eeft >94%~
99%. Liu%§ "™ HIZR N 2 MR R 2§ (PAL) =4
DL-ZX A RARIBEY), Bl L-AAD FIZ Mk 2 D-
X SRR AR SR D- 2R N R A [EI31(b) .

g LRTIA, A AT R R A R A
R REEREREEM. B2, EHRLEGREE3)
BN IR R T B 157 o ORI ),
TR MR B AL B AR AL, $R s T itk 3
R, AEARIFRA B o TR SRR 1 A T 1 i A

kg & 5t, AHFREATE, KR
RRERIZX— R s T8 SRR FE LR
Vil BEIEIL ORI FEE A IORE, ST AL
PRIEFENE, 3R R & i R Vi

3 &HiRENIACK R

FHER IR AL — REE ) TR, 724 40
WA B WA G BT AR T AR BT i
N7 S 5 T AT 5 B N AE . AP SR
NFEANAIBR 25 . AR 25 i AL T 37 B AR LA
EOR, BRG] 7 BoR# 2 1o Rk, it
BB EZHTHARRPOT K SN . 2R,
Eii R E A Y A A S R S N B ol N P
FHE G IR AE SRR A, R SR ST R
FHEIER —H2 T AR, £RXMELT,
HA RPN . & GRS EEE
e S0 A O AL ) 2% TR R RO T A
e 5 RTE IR - i ffe i AL ] 48 T B S R AN X
A DOE I B oD PR R RETE TR R LR
AT BL L 2% 1 2k 7 U2 A DABLIUAR S0 i A2 )
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: H,O

L-AAO
H

s

H

Z i
= o}
Lt]

172

0 Y 0]
NH, NH,:BH, R Hydrolysis &
reduction H 7 \_g H
H,O NH

2 3

(a) D-Z AR

(a) D-Amino acids

e

F@/Yﬁﬁ L-AAD M
NH BH

re UCIIO]’]

(b) D-HH AR
(b) D-Phenylalanine
BI31  fboAmgik R i A TR R R
AAO—ZIEIR AN PAL—HRNAMRMHEN:; AAD—Z AN &g
Fig. 31 Chemo-enzymatic deracemization synthesis of chiral amino acids

AAO—Amino acid oxidase; PAL—Phenylalanine ammonia-lyase; AAD—Amino acid deaminase

BREAE, HE R DU B AL S A AR
TG R P AR & p, AR Tk B R AR
ORI 7o

AT ETRA, BT O V2 RO A R
R EIRT I TR ROE, AR REARS 51
R 2 L N A S R (R 2) . AR,
B e A il & TR B R A A B ER AL,
@%ﬁi%m%%%\#ﬁ%Wﬁ%ﬁﬁ &Y

WA, SRR, RUEMEZE, BT OEEEN

SRS, RO E M e B ) R T B AE SRR
B 01 D% 2 R A AL B R AT TR
5 JFC N2 FHAE oM B A e s e O 22 B PR
26 i th T AT TR AR AR I R 1 2 5 R Y
B2 FH T B R PR 77 i L- 22 2 IR A1 Al ™ i (1 1) 4%
REAMRMAN. MERPEAN BRI Z,
B R T RS R PR ) 7 L N . A
R ARHR S FRSE S 2 AR AR R AR R B R T
SRR 5T ROR R AR K BT TTEE A

R2 A BT A SR AR A L 2

Table 2 Examples of enzymatic synthetic routes applied in the production

e 5 B RS 2 Titg ] 551) 2R
Products Applications Synthetic routes Enzyme References
L-phosphinothricin Broad-spectrum Asymmetric reductive Glutamate dehydrogenase, Alcohol [22,28,35]
herbicides amination of keto acids dehydrogenase/Glucose dehydrogenase/Formate
dehydrogenase
Deracemization synthesis D-amino acid oxidase, catalase, glutamate [14-15]

L-tert-leucine Intermediate of azanavir,
animal feed additive,

nutritional fortifier

Asymmetric reductive

amination of keto acids

Asymmetric transfer of

dehydrogenase, Alcohol dehydrogenase/Glucose
dehydrogenase/Formate dehydrogenase

Leucine dehydrogenase, Alcohol dehydrogenase/  [11-12, 30,

Glucose dehydrogenase/Formate dehydrogenase 32]

Transaminase [62]

amino groups to keto acids
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P
Products

i
Applications

A R 2

Synthetic routes

L-2-aminobutyric acid

L-phenylglycine

(R)-3-amino-4-(2,4,5-
trifluorophenyl)butyric
acid

L-norvaline

(2R 4S5)-ethyl-5-([1,1"-
biphenyl]-4-yl) -4- ((tert
butoxycarbonyl) amino)-

2-methylvaleric acid
L-3.4-

dimethoxyphenylalanine

(35)-5-(benzyloxy)-6-
methoxy-1,2,3,4-
tetrahydroisoquinoline-3-
carboxylic Acid
(R)-pantothenic acid

L-syn-p-
methylsulfonylphenylserine
B-(2-furyl)serine

Intermediate of

antituberculosis

ethambutol and
antiepileptic drug

levetiracetam

Intermediate of B-lactam

antibiotics

Intermediate of siagliptin

Intermediate of
perindopril

Intermediate of sacubitril

Drug intermediates,
chemical sensors, chiral
catalysts, etc
Intermediate of
olodanrigan (EMA401)

Intermediate of
antimicrobials against
plasmodium falciparum
and multidrug-resistant
staphylococcus aureus
Intermediate of
flufenicol
Intermediate of furan
antibiotic and 2-amino-
1-(2-furanyl)ethanol

Asymmetric reductive

amination of keto acids

Asymmetric transfer of
amino groups to keto acids

Deracemization synthesis

Asymmetric reductive

amination of keto acids

Deracemization synthesis

Asymmetric transfer of

amino groups to keto acids

Asymmetric transfer of
amino groups to keto acids
Asymmetric transfer of

amino groups to keto acids

Asymmetric transfer of

amino groups to keto acids

Enantioselective addition
of ammonia to

o,B-unsaturated acids

Enantioselective addition
of ammonia to

a,B-unsaturated acids

Aldol condensation of an
amino acid to aldehydes
Aldol condensation of an

amino acid to aldehydes

EEES
B 71 SEH
Enzyme References
Leucine dehydrogenase, threonine deaminase, [33-34]
Glucose dehydrogenase
Transaminase , Glutamate dehydrogenase, [63]
Alcohol dehydrogenase
D-amino acid oxidase, [118]
o-Transaminase
Amino acid dehydrogenase , Alcohol [29, 36-37]
dehydrogenase/Glucose dehydrogenase/Formate
dehydrogenase
Mandelate racemase, D-mandelate [16]
dehydrogenase, Leucine dehydrogenase
Transaminase [13]
Transaminase [62]
Transaminase [53]
Transaminase [64]
Phenylalanine ammonia-lyase [80]
3-Methylaspartate ammonia lyase, Aspartate- [84]

a-decarboxylase, B-methylaspartate-o-
decarboxylase/glutamate decarboxylase,

Pantothenate synthetase

L-threonine aldolase

L-threonine aldolase

[114-116]

[117]

bt E £ (5 S RO ) H AR Y

LR TSI ARSE & 107 0, RS 35 N bR B e

AW, B 4 A R R IR AR A B N e R
N TR REBAR A, R 50 A2 £ Sk g e T 7
TN, TR B R R A B 2 & 9 58 RN E
RO/ D= 54 o3l N TR P Y 3 R E A B
. SEWE A N LR BRI 515
ATV B AR IR, Bl K b g 2 17 i o) 750 1 12 RE 2
THANThRe Y fE . W E R 2 Bt A E sh ik

WV AR . £ T ZHERZH, K E KPR
5 R M 3 A A8 A5 Bl s B 5 MR 3 4 e T 5 )
FISE NS A AL, 3K S R e 5 S B X i fie S I 1R
Frf Pl 3R SRR, I 4 9 I R Y R] R
Yo Bl ) RE B AN T R BLAN AR AL 5 4k 27 - Bl R 15
ARIGFRFEERIH, FE AR AR A4 2 6% 1) T2
AN 2R o 3K 6 3E Jo s Wl K 1t 9 Joe Ml A & 0 FA) 182
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