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Abstract: o-transaminases are able to catalyze the reversible transfer of amino groups between
diverse amino compounds (such as amino acids, alkyl amines, aromatic amines) and carbonyl
compounds (such as aldehydes, ketones, ketoacids). o-transaminases exhibit great application
prospects in the field of chiral amine biosynthesis because of their desirable properties, such as
wide range of substrates, high stereoselectivity, and mild catalytic conditions. It is therefore
important for China to develop efficient, specific, and environment-friendly chiral amine
production technologies with independent intellectual property rights, which is of great
significance for the development of pharmaceutical, pesticide, and material industries. This
review systematically summarizes the Chinese patents regarding o-transaminase filed by
Chinese institutions in the recent decade. The development of -transaminase resource,
enzymatic property improvement by protein engineering, application in chiral amine synthesis,
and development of production technologies are elaborated. This review will shed light on
further basic and application studies of w-transaminase.
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Figure 1 Number of Chinese patents on ®TA
applied in recent years (based on incoPat database,
as 0£ 2022.10.14).
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R BRI 25 R R AR A | 43 7 X 2 \ DNA
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£ 1 000 mmol/L A Al 'K ¥ 25 14 T 4k 30 h,
KRBT 96.4%M R LR . X BURTEMEAL R
MR F Y Merck Fil Codexis 23 ) 4R IE 7K
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Table 1 Protein engineering of TA for the application in sitagliptin biosynthesis

Publication No. of  Enzyme involved Engineering Improvement of target activity References
patent method

CN110951706A/B  GzTA ISM 200 mmol/L precursor ketone and 30 h: 82.6% conversion [48]

CN110904066A/B  MjTA, MgTA, GzTA DR, ISM

500 mmol/L precursor ketone and 24 h: 82.6% conversion [49]
1 000 mmol/L precursor ketone and 30 h: 96.4% conversion [52]
700 mmol/L analogue of precursor ketone and 30 h: 94.6%  [50]

conversion

800 mmol/L analogue of precursor ketone and 30 h: 95.4%  [51]

conversion

CN111518783A/B  SmTA, CeTA, GzTA DR, ISM
CN111534494A/B  CeTA ISM
CNI111411094A/B  AtTA ISM
CN111411095A/B  ShTA, CeTA, AtTA DR, ISM

1 000 mmol/L analogue of precursor ketone and 30 h: 97.4% [53]

conversion

ISM: Iterative saturation mutagenesis; DR: DNA recombination.

PR T _EREE B AELRCR,, oTA &
S P A 2 FLAE TN I R S R
RE, W R SRR E A 7 B AR R B A 4 o R L
BEEE L, ZWEAGEET X ATA e
PER S ST (R 2). T 2R EY(E B2 Kt
B WA M (A0 8 — B o i SR 2%
b, WP AIEE SN . AT T
JI2ERL . B-H 45 A ae it fifb b . s
FIAGHT . AR A EAERE AN IFE A E
MR HERDE . BRI MRAES, BAR
AtTA P M R i s 75 2 B B4R v o ol
BT 7 A A R AR — A 2 R AR
i, HePRJOSEE R AR T 111 °C, 2F
HIAML 1440 min, B AERIEGE 207 5100 L

4 oTA ¥ M A

4.1 FEARWHRENS P I A

VBN —2, oTA BA T Z B RPE Rk
W PSS ARERIZE, oTA BERSSZEIN 25
ARVER . SRR S TR R RS
e AT, HAANFRMEIERER oTA
CAEZ T2y 2y PR PEN A AN XS B A
Yy P AR BN, OF R B R AR HT S (GR 3,
K 3).
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PEAl 47T (BT b 44 Januvia®) 2 E Merck
5 Codexis 2> #] T 2006 44 T 37 i —Fp — ik
FLAKTE-4 (dipeptidyl peptidase-4, DPP-4)#i i 55|
RAREMEZS o thFOIRCEE , VE AT e RDRE IR
FRBTIA TR IZ T, 2016 4E A EREY B A
60 123, 2T 2017 4ERAN A TR IE [ K
FEAR BRI 20 H 5P RIS o TA i1
P ALE 7T F AR — 2 A S VA ST, %
B R S B, AH G ) K A T2 R E A
ANERRIZEW . L, JFAREEA A EHIR
FERU) o TA il 57 K A 7 T 2006 28 el A4 A BE
&, SEIVGMANTT G R AR Y E A A E
B o PSR AR B A R A A
e EN it B ROR B IZ LS Y o TA JEBFFE Y
— KM ARG, B 9 WL T
HRH AR L. EF CN110540975A/BI
CN110951706A/BM* | CN110904066A/B™*! |
CN111411094A/BP" | CN111534494A/BP% |
CN111411095A/B™¥ | CN111518783A/BP?l 2t
FEAZA, ARAT 2 HAT VG b 5T R A e (sl
A RPN AL RE T oTA, FFiE T
75 F DNA AR, 4w TS )
L s TS 321 i o AR FH 0 2 AT A4t kg i A R
W55 B ZAE 1 mol/L AR . 50% DMSO
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Table 2 Application of protein engineering in the improvement of activity and thermostability of AtTA

Publication No. of  Engineering Important AtTA mutants Specific activity ATsy Aty References
patent method improvement  (°C)  (min)
(fold)
CN105441404A/B  BFA,EOA,SM  TI130F - 2.9 6.3 [25]
CN105950581A/B  DBF, BFA, EOA, R131C-D134C - 1.6 3.5 [24]
SM

CN107058256A/B SAA, SM H210N 1.7 6.4 25.8 [23]
CN108913671A/B  SAA,DBF, SM  177L-H210N-M150C-M280C - 11.8 16.6 [22]
CN109486778A/B  CA, SSM L118T 35 5.3 19.1 [21]
CN110144335A/B  CA,ISM FI15L-L118T - 8.8 59.0 [20]
CN114107241A CM H210N-N245D-E253A-G292D - 33 5.7 [16]
CN114181918A CM F115L-H210N - 11.3 94.3 [17]
CN112481230A/B CM F115L-H210N-M150C-M280C - 13.7 165.8 [15]
CN112359030A IAP, MDA, SM  D268K 2.9 6.1 21.0 [18]
CN111826362A/B  IAP, SM FI115L-L118T-E133K 4.8 7.7 32.0 [19]
CN114134128A ASR, GS D5E-A12Q-117V-S20A-T21S-E22A- 1.7 11.1  >1440.0 [14]

T23S-A42H-177L-T78S-T85S-L87M-
RI90K-D96E-Q97E-E104D-T130S-
R131K-D134E-1135L-138insN-V1431-
D153E-V157T-V1621-V1631-A174S-
1175M-V188T-A195S-H210N-Q236E-
N245D-A246V-E248R-F250N-F258V-
R266Q-T2845-M288K-G292D-Q294K-
1295V-A313P-N322E-E323S-R324A-

N3258-325insKKSG

—: Information is not available in the patents; BFA: B-factor analysis; EOA: Energy optimization analysis; SM: Site
mutagenesis; DBF: Disulfide bond formation, SAA: Sequence aligment analysis; CA: Coevolution analysis; SSM:
Site-saturation mutagenesis; ISM: Iterative saturation mutagenesis; CM: Combinatorial mutagenesis; IAP: Interaction analysis
of protein surface electronic potential; MDA: Molecular dynamics analysis; ASR: Ancestral sequence reconstruction; GS:

Gene synthesis.

T, LT 97.4% M S ALRCR, 77 ee.
EEIE 9% b o FRBFFE A PEMATT A= 4 &
AR E A Ba e T IR SR BRVTARANVTSh,
RZ oTA P H T w2 i 25 9 (An v fib
R YR N EYEWE R, Rk
PEA A 2R TR e e h AR B & 1. filan, R
H VT K24 2515 A (CN109456952A /BT

CN109468297A/B!*) | CN109486783A/B!*!

CN109486784A/BU"")%}—4~J& F B. pumilus W3
F) oTA FEATE A TRMEE, PR3 24 @6 5
A, e AT R A A A At VD B o E] A

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

(9-5-FHk-5- R IR 2. 41 Pike-7-He 5 5-FHE-5-%
FUR[2.41 5t -7-H 2 (B i ek, S Bt L AE PY
fl b B2 HOCER ] {4 ((S)-5- 1 3 -5- R AL 1 [2.4]
Bt -7-FE KT FR G R R E . X, &
F| CN106399418A/BP . CN107686852AF
Arthrobacter sp. KR oTA, KA LA
PG 4-(3-F N EL)-3- MRS el = 550 7 A A A 1
M bl . Z45FHfk, &F CN106399418A/B
TEZ) 100 g/L Y (3-(3-5 N HE)-4-FR Ltk g
Pt~ 1-H IR 2R H R ) e B2 T R o TA ik 24 h,
THT 99.8%M LR, =LAl (e.e )ik
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Table 3 A part of chiral amines or their derivatives synthesized via @ TA-involved methods in the patents of

this study

Target amines or their derivatives

Application

Publication No. of patent

References

Asymmetric biosynthesis

Sitagliptin or its intermediate

Evogliptin

Intermediate of sitafloxacin hydrate
Intermediate of moxifloxacin
Intermediate of besifloxacin
Pyrrolidinamine

Piperidinamine

L-2-aminobutyric acid

Intermediate of sacubitril

Intermediate of avacopan

(R)-2,3(or 2,5)-dichlorophenethylamine

(S)-1-methoxy-2-propylamine
(S-1-phenylpropylamine

(R)-2-(1-aminoethyl)-4-chlorophenol
(R)-2-(1-aminoethyl)-4-fluorophenol

3-amino-5-(a-aminoethyl)-tetrahydrofuran

Trifluoropropylamine

(R)-N1,N1-Diethyl-1,4-pentanediamine

Dynamic resolution
L-glufosinate-ammonium

(R)-3-amino-1-butanol

Coupled multienzyme catalysis
Hydroxytyrosol
1,2-amino-alcohol
Nylon 12 monomer
Homoserine, threonine
(R)-1-[3,5-

bis(trifluoromethyl)phenyl]ethylamine

Antidiabetic drug

Antidiabetic drug

Quinolone antimicrobial drug

Quinolone antimicrobial drug

Quinolone antimicrobial drug
Pharmaceutical intermediate

Pharmaceutical intermediate

Intermediate of antiepileptic
drug
Anti-heart failure drug

Complement drug
Pharmaceutical intermediate
Intermediate of herbicide
Intermediate of antidepressant
Pharmaceutical intermediate
Intermediate of anticancer
drug

Intermediate of material
molecule

Intermediate of chloroquine

Herbicide
Intermediate of anti-AIDS
drug

Natural antioxidant
Pharmaceutical intermediate
Material molecule

Multiple applications

Pharmaceutical intermediate

CN114540455A, CN111411095A/B,
CN111518783A/B, CN111411094A/B,
CN111534494A/B, CN110904066A/B,
CN110951706A/B, CN110540975A/B,
CN107365809A

CN106866551A

CN109456952A/B, CN109468297A/B,

CN109486783A/B, CN109486784A/B

CN104262225A/B, CN106399418A/B,

CN107686852A

CN110129306A, CN107663170A/B
CN106676142A/B, CN111349667A
CN103865964A, CN106520719A/B,
CN112824381A

CN105441403A/B, CN114540441A,
CN112680487A

CN106977415A/B, CN112174798A,
CN109071407A

CN113957106A

CN110964705A

CN114134126A

CN112481229A

CN111996222A

CN107586796A/B

CN109824629A

CN104894148A
CN110616236A/B

CN112553285A
CN110358804A/B

CN114574417A
CN109321509A/B, CN110713965A
CN110643555A
CN114107408A
CN114457125A

[48-53,63-65]

[66]
[67-70]

[8-9,71]
[72-73]
[74-75]
[10,55,76]

[57,59,61]

[77-79]

—: Information is not mentioned in the patents.

&: 010-64807509

B<: cjb@im.ac.cn
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Moxifloxacin
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dichlorophenethylamine  2-propylamine

Trifluoropropylamine
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e X
F Y H
NH, O o~ "HLNH :
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N H N N HN H,
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Intermediate of Pyrrolidinamine Piperidinamine
besifloxacin

NH,

NH,
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NO,

(9-1-
phenylpropylamine

(R)-2,3- (S)-1-methoxy-

NH, 0 0
F>(K g C /F\/\A)koH
FF /k/\/ N~ OH NH
2

(R)-N1,N1-diethyl-
1,4-pentanediamine

L-glufosinate-
ammonium

Homoserine Threonine

(R)-1-[3,5-
bis(trifluoromethyl)phenyl]ethylamine
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Figure 3
patents of this study.
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(R)-2-(1-2 3 & 3)-4-F A Mg . (R-NI,N1-—&
F-1,4- 10 e 55 Z2 B0 TR e 25 W v e A ¥ A2
B

ERZE T, F] CN114134126A #t
BT BRFR AR 25 Hh AR (S)-1- AUk -2- N i 1Y
A1 R (9)-1-F AR L -2- T i A B 2 Tk
eSS PR R —— S U H B e . R Y T
PErRaN A, B BT 20 FANFESRIE oTA
B 1k , Bh 3RS — Rk B Bacillus sp. Soil 768
D1 1Y S B! oTA, A[¥f 1-F A 3L -2- A i i 2k e
R (S)-1-H AR FE-2- T e . ) P v Tl 58 AR 1A
VE# LA M AR, S 9 el 2 SRR
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Structures of chiral amines or their derivatives synthesized via @wTA-involved methods in the

£ 700 mmol/L JIEHHE B (2 62 g/L)F&AF T R
96 h, SEIL T 85. 1% LA, 7 i 2l (e.e.)
k% 99.8%.

FEMBHE BT, B F] CN109824629A H
ik S F A Ss G L IR A INE SR 7 )
PRI N-Z BE-D- ) 2 5y OB, il 48 2R 15 2R ok
Jiig BAAARA 3 - Fk-5- (- S K 2 H0)- DU ALk
W fE B R, X T AR 3-2 A
FE-5- 2 Tk kiR ) 3- 2 P 28 FE - 5- (- 2 55 2 558 ) -k
M A% AL VE B R 280 o TA S BL T fiEfk .
SNy 43 3k T 2 TR Il O s ok, Ik — 20 Ak
SR, AR T IuE b o IR A
FARRIEF-9 M okt 38 2o B f AL S 1 o
Brp AR SR G, TR T A B R B A
RGBT 0 & 7 1)



SHE SNENBESF o-RENEREFHRENSBEATOHRIEE

4.2 FEMHFIRS PRI A

— kUL, oTA W2 AR EAT 48 1) S
R REEE . BT X —FE L, FIH oTA XFFPE
SME TR T 3 1 #w or, dORARAS TP i ™
i — Rkt . SANFRAEY A AL, oTA
TESN 154k A AR, AHE L F 4
T HAE(R)-3-FILIE T EEM L-B 8% B & al h
IR 3)e (R)-3-ZAFEIE T BEREA M 3%
WAV R AR RA, BUA WAk EEE
B ILH AR AT AR SO okt Bt L vk BE AR
HAAATRER @, £F] CN110358804A/B i
X 8 FARTE S A 0TA BYFHTE, 3545 T 4 Fhixt
3-FIEIE T WEHA S LRE 11 o TAM, R
JiF Brucella neotomae [ ®TA (BnTA)7E 100 g/L
3-GHEIE T EEAMBEBEAR SRAF T , 400 16 h [,
SEHT 99.55%K9 R =S4l (ee), B
(9-3-@EE T B L TR 461k . ek H
R 2 A B — 2R S R BR B ], oL
SMRD A L RPN L B EAEY
M. LF] CN112553285A F|F—Fh Bacillus sp.
YM-1 KJEE R B oTA, $55PEefs p-m e
bRy 2-BRIE-4-(R I F IR IEmE L) TRR™Y. &
it i — DB IRAS W TR AW, R i AR
L-FLE IR, JRTEmE I SR S BT, S
5 R SR (TIPSR AR S T e
AT T A T D s 2T AL, R IR v T R
I, B BAAT 62 4l B >85% 1 LB B Ji
PR, ST T AR A G LB IR 4
E N
4.3 7EMEBELPRISA

£ oTA HARRN T, 2% o HEm ek
BRI 1) BRI > 9 s oy Y- Az BR IR R, KR
WA T HAR SO % AR o il i 22 B A R SR e
¥ oTA SHAAYIEA AR, SMUBEB AL
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