(D ERYE=i

Acta Microbiologica Snica

2024, 64(8): 2648-2660
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20240078

R TIEBEXRBTES K L-7r 2B R TR

BRE AP, MAR thk !, ROE”

1 B KFEIREE S22 TR, T 4 Y1) 529020
2 TTHRAREB YIS T AR N A E R S SR R A P 2H 2 R v
SIS AR ARFS RO W T S0 T A AR S N B S S, 4R T 510070

il

DR, I8 DA, XA, R, RLE. AU TR S KT E G R @R ] A, 2024, 64(8):
2648-2660.

LUO Xiaoping, SU Buli, DENG Mingrong, XU Xiaolong, ZHU Honghui. Progress in the synthesis of L-threonine by metabolic
engineering of Escherichia coli[J]. Acta Microbiologica Sinica, 2024, 64(8): 2648-2660.

B OE. L-ZARBREI—FARA G LELS R, SRR TIRIG 8 b E RIARZ —, REAR
SR EEWERARS, T IZRR TR, Ak, BEHE ZA4UR. B AT, AR KMATE L BT Rk1F
BN HFRRTE, LT LA THARE NI ZANR, MARBS TRBERGLE, FHHK
HERERERBRTRELRERTF, HHRG T RERRIR ST B L-F RS RS, it
T L-HABRILE R, KX EEM L-HFRABRGEME . S RIERABF R T RERERS
L- 7 2B = AR FIRIF— A2 RR AT, 8 A BGE K IATH & 206 AR I RBA 69 FF 50 3 4
P AEE AR,

KR L-ARE; KMAAE; Rt sk #RF

BEBh I H - [ 5KE AU R I (2021YFC2100900) s T 4R RE S TR (2021JC06N628) s 7 7 4 B 2 B ki I 4
(2022GDASZH-2022010101)

This work was supported by the National Key Research and Development Program of China (2021 YFC2100900), Guangdong
Special Support Program (2021JCO6N628), and the GDAS Project of Science and Technology Development
(2022GDASZH-2022010101).

*Corresponding author. Tel: +86-20-87685699, E-mail: zhuhh gdim@163.com

Received: 2024-01-31; Accepted: 2024-05-28; Published online: 2024-05-29



B | YRR, 2024, 64(8) 2649

Progress in the synthesis of L-threonine by metabolic
engineering of Escherichia coli

LUO Xiaopingl’z, SU Buli’, DENG Mingrongz, XU Xiaolongl, ZHU Honghuiz*

1 School of Environmental and Chemical Engineering, Wuyi University, Jiangmen 529020, Guangdong, China

2 State Key Laboratory of Applied Microbiology Southern China, Key Laboratory of Agricultural Microbiomics and
Precision Application (MARA), Key Laboratory of Agricultural Microbiome (MARA), Guangdong Provincial Key
Laboratory of Microbial Culture Collection and Application, Institute of Microbiology, Guangdong Academy of
Sciences, Guangzhou 510070, Guangdong, China

Abstract: L-threonine is one of the eight essential amino acids that cannot be synthesized by the
human body and must be taken from food. It is an important component of protein synthesis and is
widely used in food, feed, medicine and other fields. At present, Escherichia coli can achieve a high
threonine yield in fermentation, being the main bacterium used for industrial production of
threonine. With the development of metabolic engineering, the modification of strains is no longer
limited to mutagenesis, and the directed modification of strains greatly improves the production of
L-threonine, facilitating the development of the L-threonine industry. This paper introduces the
physicochemical properties and synthesis pathway of L-threonine and reviews the achievements in
improving L-threonine production by metabolic engineering, aiming to enrich the knowledge about
the modification of Escherichia coli for efficient synthesis of threonine.
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Figure 1 Global requirement of L-threonine.
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Figure 2 L-threonine structural formula.
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DRI RS iR, L-oR AR A YA
BEPh MO #1542 (glycolytic pathway, EMP), —
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W% & 42 (pentose phosphate pathway, PPP) J%
L- 73 2 R 19 A= ) & & 42 (biosynthetic pathway
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Figure 3 Biosynthetic pathway of L-threonine. Glu: Glucose; G-6-P: Glucose-6-phosphate; Ru-5-P: Ribulose
S-phosphate; F-6-P: Fructose-6-phosphate; F-1,6-P: Fructose-1,6-diphosphate; PEP: Phosphoenolpyruvic acid,;
PYR: Pyruvic; Ac-COA: Acetyl coenzyme A; ACE: Acetic acid; OAA: Oxaloacetic acid; CIT: Citric acid; ICI:
Isocitric acid; a-KG: a-ketoglutaric acid; SUC-CoA: Succinyl-coenzyme A; SUC: Succinic acid; FUN: Fumaric

acid; MAL: Malic acid; GOL: Glyoxylic acid; L-Asp:

L-aspartic acid; Asp-P: Aspartate phosphate; Asp-B-S:

Aspartic acid-p-semialdehyde; L-Hom: L-Homoserine; Hom-P: Homoserine phosphate; L-Thr: L-threonine.
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The cofactor generation and consumption of L-threonine biosynthetic pathway. 6-P-GL:
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127.3 g/L, FEXTRRTERRELAT b5 4R 5 4.05% .
6.92% . 11.20%F1 14.50%; AR H: AR 5N
55.24%. 56.57%. 57.41%%1 58.12%, /& T-xt
FRLHBST, Li ZEB0R 0 1 o/L FHEE0, ARk A
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R EE , 5P RAALL, BEIEXT L-77 5
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AR T BE 2 B 1 Ry TR DA AR B A 5 7
MT201 FERRH IR E A KT, L R
Fr= i 159 gL #EE 520 gL, #5
227.00%P7 M A LI, w0 g R S
pH NIHZE 6.5, BAREMRAKZEZM, (H &
EDNEF?”EWLﬁ&¢ﬁ§¥P%%W%m3060gL

WG, DL 30 g/L AR T B, A A B
Eﬁ«mmﬁ,%M%wﬁ%ﬁ%ﬁ%ﬁw,
PRI 4 15 24.88%; 24455 37 Ik v oy 2 i Uk
h 50-60 g/L I}, j7* fe B GG I, (H R g 4 5% Ak

#1 RPILENEABITESN L-ARER

REFEERMRE AR, SEOAE I, TRERE A
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PR, RIGAT B8 40 A= A 52 B0 ] 2
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Table I Metabolic engineering of Escherichia coli to synthesize L-threonine

Strains Strategy Titer (g/L) Productivity Yield (g/g) Fermentation References
(g/(L-h)) method

TSWO009 Adding betaine and deleting 26.00 0.54 0.65 Shake-flask  [3]
transporters ProP and ProVWX

TWKO021 Deleting the Sfm operon 15.75 0.32 0.39 Shake-flask  [11]

TWF044 Deleting fadR, fabR, and iclR genes 103.89 2.16 NP Fed-batch [18]

P2.1-2901AptsG Dynamic and balanced regulation of the 121.05 2.52 0.60 Fed-batch [19]
thrABC operon gene

THPES Adjusting carbon distribution and 70.80 1.77 0.40 Fed-batch [20]
promoting cofactor generation

AycgF nMagHigh  Blue light signal regulation 16.57 0.61 NP Shake-flask ~ [21]

and AycgF pMagHigh

MDS-205 Deleting tdh, tdcC and sstT genes 40.10 1.37 0.40 Fed-batch [27]

TWFO001/pFWO01-  Overexpressing the gene cluster 133.50 3.71 0.50 Fed-batch [32]

phaCAB phaCAB

TWF018 Deleting arcA, iclR, and tdcC genes 26.00 0.72 NP Shake-flask  [33]

JLTHR Optimizing medium 127.30 NP 0.58 Fed-batch [55]

THPZ Adding betaine 126.10+£3.00 5.26+0.12  0.54+£0.02  Fed-batch [56]

TRFC Optimizing medium 118.00 3.10 0.46 Fed-batch [58]

TH-103Z Creating polyploid Escherichia coli by 160.30 0.55 1.66 Fed-batch [62]
regulating ftsZ gene

TWF083 Expressing iclR, agpC, arcA, cpxR, 116.62 2.43 0.49 Fed-batch [63]
gadE, pykF, fadR, and aspC genes

Tm-JB Dynamic regulation of biosensors 26.78 0.63 0.74 Shake-flask ~ [64]

TWF106/pFT24rp  Rebalancing microbial carbon 23.29 1.57 0.78 Shake-flask  [65]
distribution

WMZ016/pFWO01- Deleting crr and iclR and enhancing the 17.98 0.50 0.35 Shake-flask  [66]

thrA*BC-rhtC expression of gltA

NP: Not provide.
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