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Fig.1 The application of threonine aldolase for synthesis of B—hydroxy—a—amino acid and its derivatives
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Fig. 2 Classification and natural reactions of threonine aldolases
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Table 1 Crystal structure of resolved threonine aldolases
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Fig.3 The crystal structure of threonine aldolases
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AR, FEO A 20 mmol/L [ 2 R HEA TR, 3k
13T X LT 2P TH A 2 AR R . 5T AR RUAH L
R AERASR LTA-S2 BTG HEHE T T 2.1 4%

TERFE E RS T T, Baik 45 7 LIRIE T K
W OEERH (Streptomyces coelicolor) A3 B L-TA
WG SE, AT RFHZE R RREE, TR
T 5y PCREBE A T 35 K249 15 000 2745 14
(IS, AE 65°C T Ab B I 26 5 A5 AR - 2 HL 24
L- R OB H 2R 77 . Wil ifse,
MTI3RAS T 8 4HH FL BT A= ALEA T - P s P A 5
GASAK . Ho B AR AR K H177Y 7E 60°C T i #A
20 min G REE T RIRTEPE Y 86%, T AEAH IR 2544
T, AR T 1% 5k B, HEEm
&, FERFHARREMERIRINT, ARSI
ZRNEM . VEF R AL s, (e
AR H1TTY FEAKA AT T 20 ME SRR S,
WG T 4 gLIRTELE,

J T L-TA X C ST RS, BF9E A
WA URZER . TRV L K e i AR SR
FERHIA T, DHRTHHAE HAAs & i 957
PR PR B 8 R 3 P A0 T Ay T
HALVEREA B R B A, FET Ik, Lin ABA ' %t
S R T R R IR il 2R 5 Actinocorallia herbida
[ L-TA B EPE A4S AT okcas , SR T OO B 2
PEZ5 Yy A L- 95 2K -4-MTPS 4 5 S AR 61k
I 1Z G de {H (diasteromeric excess, JEXT
R R) M S58% HETH 2 81% /. LAl
L, A BAE TS AU SS A H AR
EFBRR 1 28 AR T e, 0%
fiti (1) de (A T+ 25 93.7% (3£2). Zheng 5§ 1 ' K&
T RURYEE BS54 A 8 A RS XTAR
RV A L-TA FEA TR M T, DAiEAL 4- H R

R A R AR G B B A W i A L- 5 5K -4-
MTPS MR N, EIARAT T 2R S T
AL B YIRS SR BE R L (de>99% ) .

L-7520-4-NOPS J& & i b A R & 5 K 1Y H 21
RAEEY), Cai%5 ™ @i AL B & k1L,
YRV T RARFME  (Pseudomonas putida) 1Y
L-TAHAT/rF o, KIEEERT T L-755-4-NOPS
B ST AR B, P B R AR R de fH N
32% T2 85% (F£2). JHIIZEJE 2014 4 FDA
HEHE I —FIB 7 M0 & R B AL 2 7 SR,
A AR IR AR Y 3,4- R IER R
TEFRMESG A RN PTG B, 2EL-TA TR
PR C AN I PR 22, WA A BOBCR K.
Zhao 5§ ' M IR AE ) i 18 A W oA R v e T —
B L-TA (44 K Sz-1-2), Ff- X% Arg318 o7
ST AR A, Foh B RS AR (R R318L i
b4 W L- 75 30-3,4-DOPS [ de {H15 %] T 84.9%, 5
BP A UM LU S AR T . AN, ZhaSF G A S
PR R ADL 2878 2 BT L-TA PP A SRR A 1 A 110 6 e
v 5 His128, il i A A28 A8 3R A5 T — A Xt I 7 2
EL A LA R A 3 S e 37 4 o B 1 1) 28 A A
HI128N, HdefHik92.9%. FfiJE1EH LIiZsE AT
S A YA, AE T h AT 1.6 g/L 17
Y, Hdefltih®) T 95.4%, & HHHRIESBGZILE
SEARBE PR AR A L-TA . 13 bt i 1 T AL
PR, RN His128 137 s 5% JL 1) (R BG4 iy
WAL F ), 35 238 0 &2 (AT DU S 2
A, i fes 9 (F2),

AR B RTTE L-TA SEARBE PR 0 Oy T U T
—EMIERE, (AL I o S AR R AR T S AR e
IR, TR I T AR MR, [FIRE T
TP RS AR AT H AT ET DG Pk, R,
P2 U0 T = 1 P A R AR L-TA AT & B = 80 28748 3R
WS DL SO I T B . B H LT IE R
SIRTRRAE I AE R E T, IZ RS Tk
V5 P v T A W0 M S B (Neptunomonas
marina) WAL L-TA, E1EMALE N EZEZ5Y) 5
TG L-75 3 -4-MTPS b [] if 2 B R 4 A 305
(64.8 U/mg) FIlIE XF Ml 14 57 4 & £ 1 (89.5%
de) ™, it —25 i i S IR 2E AN AL SR 5T
R0 L T 67 2 RS ST AR B 1) SR 2 # L
J¥, HESE T LSS HIHE T 00 IS PR G R 158 TR R
W, [RIAS &5 A S IR A2 2 M N 2 A FIE AR AL R AR
HoR, WA T X L-753K-4-MTPS 5 U iE AR
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Mies, %: HEaBRBRABNEMSRREEEDYSR PR ‘971~

Xof B R 7 A 35 B PR RUHRE T 1Y = R 58 AR K N18S/
Q39R/Y319L, H:de>99%, fEILIGIEAF]95.7 U/mg,
S H AR 1k A B L- 95 5 -4-MTPS I 1 B i 11
L-TA. ZFERLE 5w IO i £ L- 93 320-4-MTPS & i;
H I 28 PR RS K 216 g L'-d, KW T HAE MR
VAL AE A I HAAs B4 55 (0 Tl R R 7.
[, 2B B TA5M 0T . s AR DL R AR
PUEWTTE, KITIRBER “WHI5” X Ay A
VEPEMERIEALE], I T IR LB A B
KHELEMIILT, XN £ L-TA UGS S48 T Hs s
S, AR L-TA 7 AR W AR S5 Tk 450 i 1oz
BEE T IR
33 D-TAMSFHIES &M AR

D-TA f# B FN 2 B 1R 5 B 7 90 A D- 25 2T
D-FREF AL B BEXF D-TA 4> T Fsi ., B
IR T —RINF5E . 5 L-TAMIL, D-TATE
HAAs £ B C 1A I & () S AR 851, X
J2 KR D-TA TEIR ) 24 Rl Bl g 242 i) v 28 3] 57 i 1)
B S8 Bk, nraEad P RN A& iR
I BRI R YR A BGHE
AT B AT B0 4f 1 7 AR S B . ZEF Ik, Chen
A 0 DLOR R T SR AR FE R RIT313  (Delftia sp.
RIT313) A D-TA A#FFEXT 4, i P8 45 S0 i
FE . ABLEE e AN A TR R e A Ak T3
F12ERE T, I T D-FR - 2-FAR 2 R
D- 75 20 -2- Tl I % 22 SR 1) 15 35 Pk AN ST AR e Bt
W, HFEAR A de (HY KT 90%. AL, 1EEH L
ZEG A REA R, ETHEYR DL SRR
F RN D/L-520-4-MTPS Hrt B T 7™ 4% 37 1A gk
PEVE (e.e.>99%) '), Park 25 P #5483 T — 4k
VR TIFTEZARIRTE  (Filomicrobium marinum) 1
FE A B D- 93 2 v LA v 16 T R S AR B Y
D-TA. VEF AT T 2B 1Y) & AR 45 48 I 0 FLARE AR L
PEHEAT T A0 8o VRS R LASS ) FBLER A+
SR U TR B T BT, R T
XT D- 7 2 R 7™ A 7 A Bk R M A 2% R R G179A/
S312A, Hideftifik 99.5%, [FMfiZ2s A% 4ER
SRIY I R A H 0 MRS AR e R, T

T - AL o-D-F AR AW B

D- IR 3 -2- G 3 -3- i -3- (4 M B 3 ) - T R S
BB - R Ak T R T A IR R A OC E b fa) R
Goldberg %5 "1 43BN T 3 I T AME AL 7™ Bl o]
(Alcaligenes xylosoxidans) FITiFFIE (Arthrobacter
sp.) P D-TA fHE A BE 4- Ntk A R H 220 R 4
G A I D-AR K -2-Z -3 5 R 5L -3- (4 T IE 5L ) - R 1Y
W PERSIARE SRV, R0 T LIS PR 1Y D-TA
W5 AE R T A Ak, B GE
TIZRERRRE Ve AT, SEE T X BARE A
(=R STARE R B R (de>99%) (F2). [T,
TEMCEERD b, VEEBOT T 28 RN T8 B
BRI AR . IR, 2R SER S H T
FEE SOVAR R 1 pH, 7E RN R R RE RS
ghidhiiok HEAT REFIVAEEE, XA RHBIER T 5 4L
STEAALR A . BJE L FEFXNREE . pH. JIEY)
WeEE A R EAT T U0, W MR T T A BUROR
75100 L il 4 25 i v il s sl et 5 1 1% H
a7

D-TA AMUAT LIRS 2 40 5 5 L HAAs, 38 7]
PEAL R 2L S, XA D-TA 7E 3N 1 2# 4741 |
PAF R B S WL T — A IS b2 5 R OR
W% . D-TA {4k B-F5 L -a-D-Z IR 2 M 5 i H &R
FEE, FTLAE G B-FR J-o-L- B R 1 k. H
Hi JLFP D-TA €& &9 T TR 406 i R 259
AR, Fb G i 76 22 ELR L- 95 20-4-MTPS %5 ¢ B
SR D-TA B0 0] B I T HAAs B F2EPR 4y, LT
Jof TS TR, A5 A S P AR AR Hh AR A B 5
ZEBRT T BN A L R A AT ) A PRI S5 )
A, Liuds ™ IR T AT D-7530-4-MTPS K 4 7 it
PER A F %5 [BMIM] [BF,], DICRIET
Alcaligenes xylosoxidans IFO 12669 {9 D-TA Jy i 5%
X4, Al BT DL-93 3 -4-MTPS #5451 = 4l
JEML-7730-4-MTPS, He.e>99%, F=%H441.7%,
TR R I8 TR 22 IR, )ik e
T YRR S I8 R R A G SO RT3 A Do
-4-MTPS.,

Table 2 Applications of threonine aldolases for the synthesis of B—hydroxy—a—amino acids

R2 NERBEBER-EE-o-REBRESHM PR

3 [ T A R B RAR A A AR Stk RN %
% % (U-mg™ ik

L-TA (N WT 4-fif 2K HEE (100 mmol/L) 790 24 (FFD - (3]
(Pseudomonas sp.) V2001 4-FIAFEZE (100 mmol/L) 54.0 71 (G520 - [81]
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B2
ity W Fh A A Bl AT JEA) A STk IR 2%
% % WU-mg™ 3k
JEIR BRI Y31H/N305R 4-HREER (100 mmol/L) 872 931 (HxL 12 [38]
(Bacillus nealsonii) YSH/Y31H/N305R/T143R 732 >99 (F#HD — [62]
TR IR s 2% v WT 4-HRIERHEE (300 mmol/L) 750 61 (FRzD 25 [28]
(Actinocorallia herbida) Y314R 70.0 81 (30D — [4]
NI16A/E98S/Y314R 902 937 (XD  — (5]
JE T EY) WT 3,4-TRIEEFRE (60 mmol/L) - 312 BF — [63]
(Microbiome) R318L/HI28N 34-TREEHEE (120~160 mmol/L)  — 954 (FHFD — [82]
T B B D93H/E147D 2-F K HEE (100 mmol/L) 91.0 710 (FHFD - [80]
(Pseudomonas sp.) D93H/E147D KHEE (100 mmol/L) 36.0  74.0 RO —
WURF A2 5 WT 4-HIRFER HEE (100 mmol/L) 532 268 (7D 174 [35]
(Leishmania major) Y45H/V321W/Y319F 56.4 963 (D 1211
— WT 4-FRTRE AR RS (100 mmol/L) 613  37.0 (Z;ﬁ) 463 [36]
(Cellulosilyticum sp) H305L/YSH/V143R 622  >99 (FHA) 93
H305Y/YS8I/W307E 585 972 GRRD 542
TP R WT 4-FHIREER I (100 mmol/L) 78.5 89.5 (73D 648  [83]
(Neptunomonas marine) N18S/Q39R/Y319L 76.8  >99 () 957
B LR A WT 4-THIEFRHEE (60 g/L) 248 315 (FFFD - (8]
(Pseudomonas putida) EM-ALDOO031* A-THFEIE B (150 g/L) 90.0 85.0 (FzD —
D-TA A A TR B WT D/L-7530-3,4- 1 — 4 % 417%  99.0 (ee) — [86]
(Alcaligenes xylosoxidans) KL F IR ( (174.36 mmol/L)
FIFFEE (Arthrobacter sp) WT MERE4-IEg I (4% viv) 99.8% - — [84]
FURARRFRIT313 WT 2-F 2K % (100 mmol/L) 92.8% 97.8 (FHzD - [85]
(Delftia sp. RIT313) 3-WYFEZEHEE (100 mmol/L) 92.2% 93.2 (FHzD —
LR TIER T WT Z. % (100 mmol/L) 51% 40.0 (FFxD 150 [39]
(Filomicrobium marinum) G179A/S312A 47%  93.0 (=D <150
G179A/S312A ZEHEE (17.2 mmol/L) 130% 973 (FF)  —

*JD16E/A19N/ G38S/T42M/L451/P91H/R132S/A218S/S2411/M247TH/E288T/G291W/L302M/A305P/G316K/Y318G/H319Y/D320E.

4 BEERE

HAAs J&—JEEZ 2570 15 M Tk Hh ]
R, AN TR INER | SRS AT
REWE I, ] BN TR 2 AT
WA AR, TEDURE . DUMRE AR iE I 507 1
R EENH], 225 Tl b —2KEE H R
eEWr. T HAAs & A MBETHER T, F
R TR LA PR G R T 5 A HE M A
TA J&—JE PLP ARSI T BRI B, RETEIRAN A0 51T
A AR B A S S R HAAs, FE T
MY TAb A P HA R J1 . RS0
BT TATERBHZE . Z5H- LB . 70Tk
it AL AE HAAs H B & B FH 5507 T AT T2t I8
IR HATAE TA BIBESET5 S TR R, (2
PIFEAE—RE A RANBRE . Blin . H AT R 28K

ARPRAE G B —T7 T AL P BRI 23 AR 88 52 me HA
REHEACRR P, Unfup 25 R ARV A 2 4 4R T
TAEACPERES B PRk s TA 14 03k S BUXH 2 Fh
HAAs [ SR AR S AR A . BT AT
REA DAL AR 7 48 T E ik, TRRFFSIAZE
MRS R IR AR Z R SC R, AR TR
AN BE— AR T TA 7R TG W5 i A 1
oAb, Al i B E B AR T A 9K B S5 A E
PEUFI Tl AT, IF25 5 Z2 MR S0 — 4
LA CEZ @M ET R ERER Y, URIET L&
JRAER (| RO

2 % x #
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Abstract B-Hydroxy-oa-amino acids (HAAs) are a class of important chiral intermediates and have a wide range
of uses in the pharmaceutical industry. Due to its adjacent chiral centers, it has attracted much attention to
exploring strictly stereoselective biosynthesis methods. Threonine aldolase (TA) can catalyze the aldol reaction in
one step for the synthesis of HAAs under mild conditions. TAs also exhibit a broad substrate spectrum and can
catalyze the condensation of various aldehydes and amino acids, thereby constructing rich HAA libraries with
immense potential for industrial applications. In this review, we have summarized the research progress of TA,
including new enzyme mining, structure, catalytic mechanism analysis, high-throughput screening methods,
protein engineering, and synthesis applications. Notably, we mainly focus on the research achievements of TA in
structure-function relationship, mechanism analysis, and protein engineering. Currently, the catalytic process of
TA has been elucidated, where it catalyzes the aldol reaction through the Schiff base exchange mechanism.
Additionally, researchers have proposed diastereoselectivity regulating mechanisms of TA such as the “pathway
hypothesis” and “dual conformation hypothesis”, which provide a foundation for unraveling the mystery of TA
diastereoselectivity regulation. Moreover, significant progress has been made in TA molecular evolution, with
multiple mutants obtained that showed strict diastereoselectivity synthesis for various chiral HAAs and their
intermediates. Furthermore, we have discussed the current challenges and prospects of TA, which will guide for

accelerating the industrial application of TAs as tool enzymes for synthesizing high-value HAAs compounds.
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