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Abstract: With the rapid development of animal husbandry and fishery, it promotes the development of protein for
animal feed. Due to the enhancement of people's safety awareness of food additives, there is an urgent need to enhance
the supply of sustainable protein for use in animal feed. Because the protein is composed of amino acids, the feed

amino acids can replace protein for animal feed, which can provide enough nutrition for the animal's growth. Thus, the
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feed amino acid is an important product that has attracted a great attention by investigators because of the widely
uses in the fields of animal feed supplement and has broad market potential. Using synthetic biology and
metabolic engineering strategy, the metabolic pathway and regulatory network of Escherichia coli (E. coli) was designed,
engineered, and reconstructed to obtain suitable E. coli cell factories. These factories provide a promising and sustainable
alternative for the production of feed amino acid from renewable feedstock, and is attracting great attention as it is an
economic and environmentally friendly bioprocessing. E. coli cell factories offer an alternative strategy to replace chemical
refinery, animal and plant extraction, reducing the harm to the environment and dependence on natural resources. In the
present review, we discussed the biosynthesis pathway of feed amino acid (lysine, methionine, tryptophan, threonine,
valine, and arginine) in E. coli. According to the biosynthesis pathway of feed amino acid, the production bottlenecks of
feed amino acid in E. coli cell factories were discussed. We also summarized recent studies about in the feed amino
acid production from the constructed and optimized of E. coli cell factory. Furthermore, we proposed future research
directions to improve the technical level of feed amino acid and enhance the robustness of E. coli cell factories for

reducing the cost of bioproduction, simplifying downstream separation, and enhancing industrial productivity.
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Fig. 1 Metabolic pathways of aspartate family amino acids and feedback regulations involved in E. coli
(Blue dotted lines indicate feedback repression, red dotted lines indicate feedback inhibition, and solid arrows indicate one-step metabolic pathways)
Key enzymes in metabolic pathway: AAT—aspartate aminotransferase; AK [ , AK I, AK Il —aspartate kinase; ASD—aspartate semialdehyde
dehydrogenase; HD |, HD Il —homoserine dehydrogenase; HK—homoserine kinase; TS—threonine synthase; DS—dihydrodipicolinate synthase;
DR—dihydrodipicolinate reductase; THS—tetrahydrodipicolinate succinyltransferase; SDAT [ , SDAT Il —succinyl diaminopimelate (DAP)
aminotransferase; SDD—succinyl DAP desuccinylase; DE—L,L-DAP epimerase; DDC—meso-DAP decarboxylase; HST—homoserine
succinyltransferase; SHL—succinyl homoserine lyase; CL—cystathionine lyase; HMT |, HMT Il —homocysteine methyltransferase.
Key genes in metabolic pathway: aspC—aspartate aminotransferase-encoding gene; thrA—aspartate kinase | -encoding gene; metL—aspartate
kinase Il -encoding gene; lysC—aspartate kinase Il -encoding gene; asd—aspartate semialdehyde dehydrogenase-encoding gene; thrA—homoserine
dehydrogenase | -encoding gene; thrB—homoserine kinase-encoding gene; thrC—threonine synthase-encoding gene; dapA4—dihydrodipicolinate
synthase-encoding gene; dapB—dihydrodipicolinate reductase-encoding gene; dapD—tetrahydrodipicolinate succinyltransferase-encoding gene;
argD—succinyl diaminopimelate (DAP) aminotransferase | -encoding gene; argM—succinyl diaminopimelate (DAP) aminotransferase Il -encoding
gene; dapE—succinyl DAP desuccinylase-encoding gene; dapF—L, L-DAP epimerase; /ys4A—meso-DAP decarboxylase-encoding gene; metd—
homoserine succinyltransferase-encoding gene; metB—succinyl homoserine lyase-encoding gene; metC—cystathionine lyase-encoding gene;
metE—homocysteine methyltransferase | -encoding gene; merH—homocysteine methyltransferase Il -encoding gene; metK—methionine

adenosyltransferase-encoding gene; gdh—glutamate dehydrogenase-encoding gene; gly4A—serine hydroxymethyltransferase-encoding gene; metF—

methylenetetrahydrofolate reductase-encoding gene)
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Tab.1 Comparison of feed amino acid production by E. coli cell factories
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FEHR 40 M T A2 = SRR B 7 A S AR P A
BEL TRy = St A R €0 20 R 20 A AR L A Bk (1 R S
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i bR phed F tyrd, W EARR M= T 0.7 51k
F13.3 /Ly il (O IR I ot R T T AL A R
TR N SR G P A2 DR TG 1) 1 BEL 3 5 e ok
Hh ] AR U % % B I 1) R s A o B R BR rpR
(YRS P IE & (A TrpR JE KD, f#RR 7 P& & [ TrpR,
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WAL NI KNG : PykF,PykA— W AHIRISAS: PpsA—BERRMGEE NN MABR & 1 AroG— 3t %8(-D-Fi it {11 BE AR A - 7-BEIR & 6 -
AroB—3-MAZ TR EE: AroD—3-AZE T BB KE: AroE—H RN AILER: AroK—FFRIRR I ;
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Fig. 2 Schematic of the tryptophan biosynthetic pathway in E. coli
Key enzymes in metabolic pathway: PykF, PykA—pyruvate kinase; PpsA—phosphoenolpyruvate synthase;
AroG—3-deoxy-D-arabinoheptulosonate-7-phosphate (DHAP) synthase; AroB—3-dehydroquinate synthase; AroD—3-dehydroshikimate dehydratase;
AroE—shikimate 5-dehydrogenase; AroK—shikimate kinase; AroA—EPSP synthase; AroC—chorismate synthase;
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; TyrA—chorismate dehydrogenase; PheA—chorismate dehydratase



%2% www.synbioj.com 973
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FR-FEREIRIE RS IR R (PTS), W/ A ks iE
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TEA TR, B0t RIE PpsA Ol R 4 1 =X 74 i
A ) o H AT 0 i P E4P & &) B IR
Oid F ik TktA CEERE ™75 @ik Pgi (B L
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Fig.3 Schematic of valine biosynthetic pathway in E. coli

(Green dotted arrows indicate feedback inhibition by valine, blue dotted arrows indicate feedback repression,

red arrows indicate activation of gene expression, and black arrows indicate one-step metabolic pathways)

Key enzymes in metabolic pathway: IlvC—acetohydroxy acid isomeroreductase; [lvD—dihydroxy acid dehydratease; Bcd—leucine dehydrogenase;
LeuA—isopropylmalate synthase; LeuCD—isopropylmalate isomerase; LeuB—3-isopropylmalate dehydrogenase; ThrB, IlvE—aromatic amino acid
transaminase; PanB—3-methyl-2-oxobutanoate hydroxymethyltransferase; PanE—2-dehydropantoate reductase; PanC—pantoate- ff -alanine ligase
Key genes in metabolic pathway: /ivJ—valine transporter-encoding gene; ygaZH—valine exporter-encoding gene; ilvBN—acetohydroxy acid

synthase I-encoding gene; ilvGM—acetohydroxy acid synthase II-encoding gene; ilvIH—acetohydroxy acid synthase Il -encoding gene
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Fig. 4 Schematic of arginine biosynthetic pathway in microorganisms

Key enzymes in metabolic pathway:ArgA—acetylglutamate synthase; Arg]—ornithine acetyltransferase; ArgB—acetylglutamate kinase;

ArgC—acetylglutamate semialdehyde dehydrogenase; ArgD—acetylornithine transaminase; ArgE—acetylornithine deacetylase;

ArgF—ornithine transcarbamylase; ArgF'—acetylornithine carbamoyltransferase; ArgG—argininosuccinate synthase; ArgH—arginosuccinase
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