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Abstract: L-2-aminobutyric acid (L-ABA) is an important chemical raw material and chiral pharmaceutical intermediate.
The aim of this study was to develop an efficient method for L-ABA production from L-threonine using a trienzyme cascade
route with Threonine deaminase (TD) from Escherichia. coli, Leucine dehydrogenase (LDH) from Bacillus thuringiensis and
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Formate dehydrogenase (FDH) from Candida boidinii. In order to simplify the production process, the activity ratio of TD,
LDH and FDH was 1:1:0.2 after combining different activity ratios in the system in vitro. The above ratio was achieved in the
recombinant strain E. coli 3FT+L. Moreover, the transformation conditions were optimized. Finally, we achieved L-ABA
production of 68.5 g/L with a conversion rate of 99.0% for 12 h in a 30-L bioreactor by whole-cell catalyst. The
environmentally safe and efficient process route represents a promising strategy for large-scale L-ABA production in the

future.
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Table 1 Strains used in this work

Strains Relevant characteristics References
E. coli BL21(DE3) F ompT hsdSB (rB” mB™) gal dcm (DE3) Novagen
BL21-BsTD E. coli BL21 (DE3)(pET28a-BsilvA) This study
BL21-CgTD E. coli BL21 (DE3)(pET28a-CgilvA) This study
BL21-EcTD E. coli BL21 (DE3)(pET28a-EcilvA) This study
BL21-BtLDH E. coli BL21 (DE3)(pET28a-BtleuB) This study
BL21-BsLDH E. coli BL21 (DE3)(pET28a-BsleuB) This study
BL21-BILDH E. coli BL21 (DE3)(pET28a-Blldh) This study
BL21-MtLDH E. coli BL21 (DE3)(pET28a-MtleuB) This study
BL21-TiLDH E. coli BL21 (DE3)(pET28a-Tildh) This study
BL21-CbFDH E. coli BL21 (DE3)(pET28a-Cbfdh) This study
E. coli FT+L E. coli BL21 (DE3) (pRSFDuet-BtleuB +pETDuet-fdh-EcilvA) This study
E. coli 2FT+L E. coli BL21 (DE3) (pRSFDuet-BtleuB +pETDuet-fdh-fdh-EcilvA) This study
E. coli 3FT+L E. coli BL21 (DE3) (pRSFDuet-BtleuB +pETDuet-fdh-fdh-fdh-EcilvA) This study
E. coli 4FT+L E. coli BL21 (DE3) (pRSFDuet-BtleuB +pETDuet-fdh-fdh-fdh-fdh-EcilvA) This study
2 R EAN TR RS

ik Brenda %udE % (https://www.brenda-

21 L-REAM L-ABA MRBERNIZITS enzymes.org/), YEFUIE I TH4 15 2 #UAF 14 Bacillus

RIMEE RS . )
e subtilis, 2% 2% FT 5 Corynebacterium glutamicum
i 1 Fﬁm, L-FR SR 3% Ak AE 7 L-ABA 2 HE. coli K12 15 TD. [ HCELA 6725 ) LG5 71,
BLoy R B A L- 95 & R 2

K 3 FEEILD U FRIE T E. coli BL21 Hh, #y#E
FASEA R M BL21-BsTD., BL21-CgTD Al
HRRLIFIARIACT D) 2-0BA: B=IVTL - BLo1-EeTD. ALK 14 h IS U 4
JOL ) 5% 0 RR I AU (Leucine dehydrogenase, sz R [FISEIERY TD % L-J7 i k. BL21-
LDH, ECl-4-1-9) Ff 2-OBA IIRFEAFRILIT )y BsTD, BL21-CgTD il BL21-EcTD % T4l
FIA L-ABA, T R E il R b, X L-IR R LLTE 14300 2.04, 3.21 U/mg,
i 24 NADH 25, INIRAEBOF KON 15.8 U/mg, PILEEHARIET E. coli 9 EcTD H

(L-threonine deaminase, TD, EC 4.3.1.19) ¥ L-

Formate dehydrogenase

Co, 4—00 >

(0]
NADH NAD*
Threonine deaminase
OH —p- OH
Leucine dehydrogenase NH,
L-Threomne 2-Oxobutanoic acid L-2-aminobutanoic acid

Bl L-EEAK L-ABA KB R BT
Fig. 1 Cascade catalyzed for synthesis L-ABA from L-Thr™.
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KU ) BILDH H 5 — 24k . T C. boidinii
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&2 {k4ME{ TD. LDH 1 FDH B&3E L HI4E 1k
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S

I 7E E. coli BL21(DE3)H %1k C. boidinii i
fdh #4288 41 4 BL21-CbFDH, Hi /124 1.38 U/mg.,
fii A4 EcTD . BtLDH #l CbFDH #4745
HRaife (B 2A), Kalifb i 3k i gl i s m 2|
5 mL RSMEIRZ T, BN 10 g/L iRy L-J%
RIR , K LC-MS 45 b %508 S AL h 2 ik &
BT L-ABA, XHALB A = P TR, L-ABA
SyFitch 103.1, B B A il 4+ 5 A
102.05 (&l 2B), WEBH#RAS HER ™9 L-ABA, UiHH
¥ EcTD. BtLDH #l CbFDH ZRBEfEfL L-FR&
MRrE N L-ABA EAIATHY . o T RT3 3 w4k
R XHRIMNE AR R 3 F 4 vk B S HLRC E ok
itk L-a RN 50 g/L, [E%E EcTD i
TN 12 UimL, {4k EcTD 5 BtLDH i F ],

102.052 3
103.059 5
o 89.0193 94.012 1 104964 1
84 86 88 90 92 94 96 98 100102104 106108110

Mass/Charge

50 1 100
S
3
= s
1]
< 20 z
A =
10 3

0 0
1:0.05 1:0.1 1:0.15 1:0.2 1:0.25 1:0.3
Activity ratio of B{LDH/ChFDH

Fig. 2 Optimization of activity ratio of EcCTD/BtLDH and BtLDH/CbFDH in vitro. (A) SDS-PAGE analysis of purified
protein. (B) Analysis of the product with LC-MS. (C) Effect of different activity ratios of ECTD/BtLDH on L-ABA
production. (D) Effect of different activity ratios of BtLDH/CbFDH on L-ABA production.
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5E ECTD 5 BtLDH & oA 10 1 (18 LDH g
12 UimL), {KZFE3)n BtLDH 5 CbFDH G
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PLE, BT Z LA, L-ABA =i flE Rk
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22 =MABEHKRBMWESHRIL
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5 EcilvA HREER L, W EEFE AR K E. coli FT+L,
PR I AT AR L VKRR, 45 R 3A
/K. EcTD. BtLDH Fil CoFDH B A 2 T4
%k 56.2. 39.8, 40.4 kDa, H M A4 K/
Wi, T BtLDH 1 CbFDH % 114> AR,
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972
66.4
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29.0

3 EYAE# E. coli FT+L MME 53 LR ITM
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AMRWE N 10 BihnZE 50 g/L mf, EE/REALE
M\ 95.00%F% %= 45.2%, Tfii H[a] =4 2-OBA M FE
0.43 g/L FJ+% 25.8 g/L (K 3B)., HJEH S 3 A
il 1) A S 2 5 2 3 2-OBA L F 4kt b Ny
L-ABA, F—lE Ay 3 Py iss, 7¢
E. coli FT+L J24Hfi+, EcTD. BtLDH # CbFDH
fit 1543 %>~ 1508.8, 885.0. 117.1 U/g, RGN
1.7 1 1:0.13, SRSMEMAERGIR 10 11 0.2 4FF,
CbFDH Gk 30 NADH HAMCRICT,
f3E AT, ECh R Y AR R, H Xt
E. coli FT+L i A7 iBK L1k .

T Rk HARFEDR AT LA 2 45 v A 1 T
1EP2 78 E. coli FT+L Hh 8 & %k foh K 2-4 1%
RIS EHRF M E. coli 2FT+L. E. coli 3FT+L H
E. coli 4FT+L, HHAHIKEEWE 4 FiR, FRKik
1) H T A R/ SESE — 80, R R
Iy, K E. coli FT+L. E. coli 2FT+L. E. coli
3FT+L Il E. coli 4FT+L J2 KA EcTD. BtLDH
Ml CbFDH WG, 45341 5A Fs. FiE fdh
FE RGN, CoFDH Wi M 117.1 Ulg 43
M ETHZ% 164.6. 179.0., 191.9 U/g, ECTD [iiFih A
1508.8 U/g 437 F %% 1 158.0.855.9.706.3 U/g,
BtLDH i i% S g il T REm i, 4R Box,

30 -1 100
25+ g
20+ %
151 8
10} 2

[=]

[=]
5t o
0

10 20 30 40 50
L-Thr (g/L)

Fig. 3 Construction of E. coli FT+L. (A) SDS-PAGE analysis of strain E. coli FT+L from cell-free extracts. (B) Effect
of substrate concentration on L-ABA production by strain E. coli FT+L.
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E. coli 3FT+L 1 EcTD. BtLDH £l CbFDH i k.
B 1:1:0.2, PLE. coli 3FT+L fitfb,
L-ABA =ik 5] 42.4 g/L, FEIRE: AL ik F|
98.0%, it HE{LF N 84.8%, KA E] L-Thr
FLE, 2-OBA 3 # (Y 0.23 g/L(E 5B), FHIN;
K Z P NADH fER E %, 3 il s B35 i by
PRI,
2.3 5L &AFE L E. coli 3FT+L 4= L-ABA
e ey e

J TR L-ABA AR PR, 5L R
PREE b e A A R A TR AL o 1 3 R 4 T o
25 g/L, AN[F) L-7h % R ik B (70-90 g/L)%} L-ABA
AR B AN ] 6A BTN o Y IR R EE IR B 80 g/L
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1600 _
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£01 400 | [ BrLDH
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21000t _
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2 800 Z
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= 400+
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fdh duplication strains

El5 fdh EREEREEKREEFRNSELLRITN

B

29.0 — w—

E 4 fdh EERIEEE SDS-PAGE 534

Fig. 4 SDS-PAGE analysis of recombinant strains with
fdh gene duplicated for different copies. Lane M: marker;
lane Con: control E. coli BL21 (DE3); lane 1-4:
recombination strain E. coli FT+L, E. coli 2FT+L, E. coli
3FT+L, E. coli 4FT+L.

50 - 1100
40+ 180 &
5 s
= 30 160 €
< g
2 20 140 £
1 -
— [=]
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FT+l. 2FT+l. 3FT+l.  4FT+HL.

Jfdh duplication strains

Fig. 5 Optimization of co-expressed strain in the activity ratio of EcCTD/BtLDH/CbFDH in vivo. (A) The assay of
enzymes activity in recombinant strains with fdh gene duplicated for different copies. (B) Effect of different fdh copies

on L-ABA production.
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Fig. 6 Effect of mass ratio of L-Thr (A) and wet cell weight (B) on L-ABA production.
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Bf, L-ABA =ik #| i m N 62.6 g/L, EE/R¥L
KAy 90.4%, LRLEHNN L- R ERAYI T, L-ABA
FEECRN N TESLEERE b, [WE LI s R
k1 80 g/L, AN RIVR AU EE (15-35 g/L) Xf L-ABA
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3 80
= ——25°C
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Fig. 7 Effect of reaction temperature (A) and pH (B) on the whole-cell catalyst.
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