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Abstract: Amino acids as the building blocks of proteins are widely applied in food, medicine,
feed, and chemical industries. Amino acid production by microbial cell factories from renewable
resources is praised for the environmental friendliness, mild reaction conditions, and high product
purity, which helps to achieve the goal of carbon neutrality. Researchers have employed the
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methods of metabolic engineering and synthetic biology to engineer Escherichia coli and
Corynebacterium glutamicum and optimized the culture conditions to construct the microbial cell
factories with high performance for producing branched chain amino acids, amino acids of the

aspartic acid and glutamic acid families, and aromatic amino acids. We review the engineering

process of microbial cell factories for high production of amino acids, in the hope of providing a

reference for the creation of high-performance microbial cell factories.

Keywords: microbial cell factories; branched chain amino acids; amino acids of the aspartic acid
family; amino acids of the glutamic acid family; aromatic amino acids
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Figure 1 Designed and optimized the high performance of microbial cell factories for branched chain amino
acids. A: Schematic of valine biosynthetic pathway. B: Schematic of leucine biosynthetic pathway. C:
Schematic of isoleucine biosynthetic pathway. The black dashed arrow represents a multistep pathway. Solid
arrows represent central fermentative pathways. A red X depicts that the corresponding gene was knocked out.
Arrows along with genes written in green bold letters denote the engineering pathway. Each gene encodes the
following: ilVBN®™*¥/ilvBN“P: Acetohydroxy acid synthase; ilVCV/ilvC™: Acetohydroxy acid isomer reductase
(NAD-preferring mutant); ilvD: Dihydroxy acid dehydratase; leuDH: Leucine dehydrogenase; fxpk:
Phosphoketolase; pta: Phosphotransacetylase; glItA: Citrate synthase; leuA~": 2-isopropylmalate synthase;
[euBCD: 3-isopropylmalate dehydrogenase and 3-isopropylmalate isomerase; bcd: Leucine dehydrogenase;
ilVE: Branched chain amino acids aminotransferase; |eUE: Leucine exporter; ilvK: Leucine importer; ilVA:
Threonine dehydratase; ppnK1l: NAD kinase. Abbreviations: G6P: Glucose 6-phosphate; PEP:
Phosphoenolpyruvate; PYR: Pyruvate; ACE: 2-acetolactate; DIH: 2,3-dihydroxyisovalerate; KET:
2-ketoisovalerate; VAL: Valine; HMP: Pentose phosphate pathway; TCA: Tricarboxylic acid cycle; F6P:
Fructose-6-phosphate; X5P: Xylulose-5-phosphate; E4P: Erythrose-4-phosphate; G3P: 3-phosphoglycerate;
AcP: Acetyl phosphate; AcCoA: Acetyl coenzyme A; 2ISO: a-isopropyl malate; 2KET: a-ketoisocaproate;
LEU: Leucine; THR: Threonine; KEB: 2-ketobutyrate; AHD: a-aceto-2-hydroxybutyrate; DIM:
2,3-dihydroxy-3-methylvalerate; KME: 2-keto-3-methylvalerate; ILU: Isoleucine.
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Table 1 Performances of amino acid fermentation by metabolically engineered microorganisms

Product Engineered strain Titer (g/L) Productivity (g/(L-h)) Yield (g/g) Reference
Valine C. glutamicum R BN®EC™DLD/ALDH 172.0 7.720 0.409 [24]
Leucine C. glutamicum JL-3/AcsCobB 40.1 0.557 0.250 [30]
Leucine E. coli LXH-21 63.3 2.640 0.370 [28]
Isoleucine C. glutamicum IWJ001/pDXW-8-ilvBN1-ilvAl-ppnkl 32.4 0.450 0.116 [26]
Homoserine  E. coli W-H18/pM2/pR1 111.0 1.820 0.635 [31]
Homoserine  E. coli H28 85.3 1.780 0.430 [32]
Homoserine  E. coli HS15 84.1 1.960 0.500 [33]
Threonine E. coli TWF083 117.0 2.430 0.486 [34]
Lysine E. coli Lc(H)-Fe(M) 194.0 NA 0.740 [35]
Lysine E. coli LY-4 213.0 5.900 NA [36]
Methionine E. coli MET17 213 0.333 NA [37]
Arginine C. glutamicum AR6 92.5 1.280 0.400 [38]
Arginine E. coli ARG28 132.0 2.750 0.510 [39]
Ornithine C. glutamicum YWO06(pSY223) 51,5 1.290 0.240 [40]
Citrulline E. coli CIT24 82.1 1.710 0.340 [41]
Proline C. glutamicum PRO-19 142.0 0.310 2.900 [42]
Tryptophan E. coli TPR11 52.1 1.447 0.171 [43]
Phenylalanine E. coli Xllp12 72.6 1.450 0.260 [44]
Tyrosine E. coli HGD 92.5 1.490 0.266 [45]

NA: Not available.
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Figure 2 Designed and optimized the high performance of microbial cell factories for aspartic acid family of
amino acids. A: Schematic of homoserine biosynthetic pathway. B: Regulatory mechanism model of thermal
switch plasmids for threonine production. C: Schematic of lysine biosynthetic pathway. D: Schematic of
methionine biosynthetic pathway. The black dashed arrow represents a multistep pathway. Solid arrows
represent central fermentative pathways. A red X depicts that the corresponding gene was knocked out. Green
along with genes written in letters denote the biosynthesis pathway of homoserine. Orange along with genes
written in letters denote overexpression in the biosynthesis pathway of methionine. Each gene encodes the
following: ptsG: Glucose-specific transporter enzyme II CBGlc; galP: Galactose permease; gIf: Glucose
facilitator; glk: Glucose kinase; pflB: Pyruvate-formate lyase; IdhA: Lactate dehydrogenase; adhE: Alcohol
dehydrogenase; ppc: PEP carboxylase; aspC: Aspartate aminotransferase; aspA: Aspartate ammonia-lyase; lacl:
Lac repressor; arcA: Anoxic redox control; iclR: Isocitrate lyase regulation; metL: Bifunctional
aspartokinase-homoserine dehydrogenase II; asd: Aspartate semialdehyde dehydrogenase; lysA: Meso-DAP
decarboxylase; thrB: Aromatic amino acid transaminase; MetA: Homoserine succinyltransferase; rthA:
Homoserine exporter; tetR: Tet repressor; rhtC: Export protein; alaA: Alanine-synthesizing transaminases;
aspB: Aspartate aminotransferase; lysC: Aspartate kinase; dapA: 4-hydroxy-tetrahydrodipicolinate synthase;
dapB: 4-hydroxy-tetrahydrodipicolinate reductase; dapD: Tetrahydro dipicolinate succinylase; dapC: Succinyl
diaminopimelate transaminase; dapE: Succinyl-diaminopimelate desuccinylase; dapF: Diaminopimelate
epimerase; ddh: Diaminopimelate dehydrogenase; cysN: Sulfate adenylyltransferase subunit 1; cysD: Sulfate
adenylyltransferase subunit 2; cysC: Adenylylsulfate kinase; cysH: Phosphoadenosine phosphosulfate
reductase; cysl: Sulfite reductase (NADPH) flavoprotein beta-component; cysJ: Sulfite reductase (NADPH)
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flavoprotein alpha-component; pykFA: Pyruvate kinase; serA™": Phosphoglycerate dehydrogenase; serC:
Phosphoserine aminotransferase; serB: Phosphoserine phosphatase; glyA: Serine hydroxymethylthyltransferase;
CySEfbr: Serine O-acetyltransferase; metC: Cystathionine lyase; metH: Homocysteine methyltransferase II;
metB: Succinyl homoserine lyase; metF: Methylenetetrahydrofolate reductase; metA™:  Homoserine
O-succinyltransferase; metL: Fused aspartate kinase/homoserine dehydrogenase 2; metD: Methionine
absorption transporter operon; yjeH: Methionine exporter; rhtA: Homoserine exporter. Abbreviations: G6P:
Glucose 6-phosphate; G3P: Glyceraldehyde 3-phosphate; PEP: Phosphoenolpyruvate; PYR: Pyruvate; For:
Formate; Lac: Lactate; Eth: Ethanol; AcCoA: Acetyl-CoA; CIT: Citrate; ICI: Isocitrate; SUCC: Succinate;
FUM: Fumarate; MAL: Malate; GLY: Glyoxylate; OAA: Oxaloacetate; ASP: Aspartate; AspP: Aspartyl
phosphate; AsA: Aspartate semialdehyde; Hom: Homoserine; Lys: Lysine; MET: Methionine; THR: Threonine;
PDC: Tetrahydrodipicolinate; SucAKP: N-succinyl-2-amino-6-ketopimelate; SucDAP: N-succinyl-L,L-
diaminopimelate; LL-DAP: L,L-diaminopimelate; DL-DAP: Meso-diaminopimelate; SH: Succinyl homoserine;
CT: Cystathionine; HC: Homocysteine; Ser: Serine; OAS: O-acetyl serine: Cys: Cysteine; PYR: Pyruvate; APS:

Adenosine 5-phosphosulfate; PAPS: 3-phosphoadenosine 5-phosphosulfate.
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Figure 3 Designed and optimized the high performance of microbial cell factories for glutamic acid family of
amino acids. A: Schematic of arginine biosynthetic pathway. B: Schematic of citrulline biosynthetic pathway.
C: Schematic of ornithine biosynthetic pathway. D: Schematic of proline biosynthetic pathway. Solid arrows
represent central fermentative pathways. A red X depicts that the corresponding gene was knocked out. Each
gene encodes the following: pgi: Glucose-6-phosphate isomerase; gdh: Glutamate dehydrogenase; argJ:
N-acetyltransferase; argB: Acetylglutamate kinase; argC: Acetylglutamate semialdehyde dehydrogenase; argD:
Acetylornithine transaminase; argF: Ornithine transcarbamylase; argG: Argininosuccinate synthase; argH:
Arginosuccinase; tkt: Transketolase; tal: Transketolase; zwf: Glucose-6-phosphate dehydrogenase; OpCA:
Putative glucose-6-phosphate dehydrogenase assembly protein; pgl: 6-phosphogluconolactonase; carAB:
Carbamoylphosphate synthase; ncgl1221: Glutamate exporter; argE: Acetylornithine deacetylase;
pyrAA/pyrAB*: Carbamoyl phosphate synthase; lacl: Lac repressor; argR: Arg repressor; YntAB:
Transhydrogenase; lysE: Transport protein; yncl, yjiP, ilvG, ycjV, yghX: Pseudogene; tyrR: Tyr represssor; trpR:
Trp repressor; proB: y-glutamyl kinase; proA: y-glutamyl phosphate reductase; proC: Pyrroline-5-carboxylate
reductase; putA: Multifunctional proline utilization A flavoenzyme; gapN: Glyceraldehyde-3-phosphate
dehydrogenase; pyc: Pyruvate dehydrogenase; c€gl2622: Proline exporter; ¢gl1270: Proline importer;
Abbreviations:  Glu:  Glucose; G6P:  Glucose 6-phosphate; F6P:  Fructose-6-phosphate; F1,6P:
Fructose-1,6-bisphosphate; G3P: Glyceraldehyde 3-phosphate; PEP: Phosphoenolpyruvate; PYR: Pyruvate;
COA: Acetyl-CoA; OAA: Oxaloacetate; 0-KG: a-ketoglutarate; GLT: Glutamate; ACTGLT: Acetylglutamate;
ACTGLT-P:  Acetylglutamyl phosphate; ACTGLT-SA: Acetylglutamate semialdehyde; ACTORN:
Acetylornithine; ORN: Ornithine; ARGSUC: Arginosuccinate; ARG: Arginine; Glu5P: Glutamyl-5-phosphate;
Glu5SA: Glutamate-5-semialdehyde; PyrSC: Pyrroline-5-carboxylate; PRO: Proline.
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Figure 4 Designed and optimized the high performance of microbial cell factories for aromatic amino acids.
A: Schematic of tryptophan biosynthetic pathway. B: Schematic of tyrosine biosynthetic pathway. C: Schematic
of phenylalanine biosynthetic pathway. The black dashed arrow represents a multistep pathway. Solid arrows
represent central fermentative pathways. A red X depicts that the corresponding gene was knocked out. The
green arrow with genes written in purple letters denote the engineering pathway. Each gene encodes the
following: aroG* /faroG™": 3-deoxy-D-arabinoheptulosonate-7-phosphate; ppsA: Phosphoenolpyruvate synthase;
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aroB: 3-dehydroquinate synthase; aroD: 3-dehydroshikimate dehydratase; aroE: Shikimate 5-dehydrogenase;
aroK: Shikimate kinase; aroA: EPSP synthase; aroC: Chorismate synthase; trpE*/trpE: Anthranilate synthase I;
trpD: Anthranilate synthase II; trpC: (1S,2R)-1-C-(indol-3-yl) glycerol 3-phosphate isomerase; trpB:
Tryptophan synthase B; trpA: Tryptophan synthase A; yydG: Aromatic amino acid exporter; tyrA/ tyr A"
Chorismate dehydrogenase; pheA*/pheA: Chorismate dehydratase; ptsH: Phosphoenolpyruvate-sugar
phosphotransferase system enzyme G-encoding; galP: Galactose permease; glk: Glucose kinase; tyrB: Tyrosine
aminotransferase; udhA: Pyridine nucleotide transhydrogenase; pntAB: Proton-translocating transhydrogenase;
fpk: Phosphoketolase; tktA: Transketolase 1; pta: Phosphoacetyltransferase; poxB: Pyruvate oxidase; tyrP:
Tyrosine:H" symporter; aroP: Aromatic amino acid:H™ symporter. Abbreviations: G6P: Glucose 6-phosphate;
G3P: 3-phosphoglycerate; PEP: Phosphoenoypyruvate; PYR: Pyruvate; G3P: Glyceraldehyde-3-phosphate;
E4P: Erythrose-4-phosphate; DAHP: 3-deoxy-D-arabinoheptulosonate-7-phosphate; DHQ: 3-dehydroquinate;
DHS: 3-dehydroshikimate; SHK: Shikimate; S3P: Shikimate-3-phosphate; EPSP: 5-enolpyruvylshikimate
3-phosphate; CHA: Chorismate; ANTA: Anthranilate; RRAA: N-(5-phosphoribosyl)-anthranilate; 13GP:
(1S,2R)-1-C-(indol-3-yl) glycerol 3-phosphate; Trp: Tryptophan; PPA: Prephenate; Phe: Phenylalanine; Tyr:
Tyrosine; Pm37, Pjy3119 and Pm93: Promoter; F6P: Fructose-6-phosphate; ATH: Acethlphosphate.
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