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Advances and prospects in metabolic engineering for the
production of amino acids

Qian Ma’, Li Xia", Miao Tan, Quanwei Sun, Mengya Yang, Ying Zhang, and Ning Chen

College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China

Abstract: Fermentative production of amino acids is one of the pillars of the fermentation industry in China. Recently, with
the fast development of metabolic engineering and synthetic biology technologies, the metabolic engineering for production of
amino acids has been flourishing. Conventional forward metabolic engineering, reversed metabolic engineering based on
omics data and in silico simulation, and evolutionary metabolic engineering mimicking the natural evolution, have shown
increasingly promising applications. A series of highly efficient and robust amino acids-producing strains have been developed
and applied in the industrial production of amino acids. The increasingly fierce market competition has put forward new
requirements for strain breeding and selection, such as developing high value-added amino acids, dynamic regulation of
cellular metabolism, and adapting to the requirements of new process. This review summarizes the advances and prospects in

metabolic engineering for the production of amino acids.
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Table 1  Application of biosensors in metabolic engineering for production of amino acids

Amino acid Type of biosensor Output Host Reference
L-valine Transcriptional regulation based on Lrp eYFP C. glutamicum [18]
L-tyrosine Transcriptional regulation based on TyrR mCherry E. coli [23]
L-lysine Transcriptional regulation based on LysG eYFP C. glutamicum [24]
L-lysine Riboswitch based on lysC tetA-sGFP E. coli [25]
L-tryptophan Synthetic riboswitch tetA-sGFP E. coli [25]
L-phenylalanine Transcriptional regulation based on screening of mtr \enus E. coli [26]

promotor
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Table 2 Summary of forward metabolic engineering for production of branched-chain amino acids
Titer  Yield Productivity

Amino acid Approaches Host References
PP QL) (gfg)  (g/(Lh)
ilvVE™", tyrB E. coli 2.70 0.038 [65]
leuA™" E. coli 5.20 0.108 [62]
1eUA™", AIIVE, Piac.21-SUCAB/PACY C-tyrB E. coli 11.40 0.158 [66]
AIlVE/pEC-XK99E-aspB C. glutamicum 20.81 0.174 0.289 [57]
L-leucine AltbR, AHAIR™", rocG, ilvVABNC™", leuDH C. glutamicum  23.31 0.191 0.324 [63]
AavtA, AiolR, AltbR, AgltA, ilvBN™, C.glutamicum  24.00 0.218 0.330 [49]
Ptuf-leuA_B018, APthA::PdapA-Ll
AilvA, AalaT, Aldh, ApanBC, AltbR, pZ8-1leuA™  C. glutamicum  38.10 0.305 0.794 [59]
ilvBN*Y, leuCD?, 1euA®”, bcdgs,, leuBCD, C. glutamicum  39.80 0.158 0.829 [12]
Pgapa-PNtABE coii, Aldh, AilVA, APgiia::Pep 2008
ilvA™® ilvIH™® thrABC, ygaZH, ilvCED, Irp E. coli 9.46 0.140 0.157 [52]
SG', a-ABA", pTHR101 with a thr operon and E. coli 11.95 [67]
ilvA, carbon source and glucose feeding strategy
MH20-22B™", ilvA™, hom™, dapA™", ilvA™", C.glutamicum  14.30 0.137 0.184 [68]
hom™", APhom::Pesp
thrABC, AalaT C. glutamicum 15.40 [69]
JHI13-156/pDXW-8-Irp-brnFE C. glutamicum 26.90 0.122 0.374 [7]
L-isoleucine sy g-fusA-frr-ilvA-ilvB-ilvN-ppnk C.glutamicum 2850 0139  0.360 [70]
pDXW-8-gnd-pgl-fbp C. glutamicum 28.96 0.138 0.345 [71]
AbrnQ, brnFE C. glutamicum 29.00 0.240 [53]
TD™, AHAS™ C. glutamicum  30.70 0.120 0.426 [58]
TD™ AHAS™, ppnk C. glutamicum  32.30 [72]
hom C. glutamicum 36.50 [73]
Alacl, attilvG::ptac, attilvB::ptac, ilvHE*AC%T, E. coli 32.30 0.580 [15]
AilvA, ApanB, AleuA, AaceF, Amdh, Apka::KmR,
pKBRilvBN™'CED, pTrc184ygaZHIrp
Alacl, AilvA, overexpressing ilvVBN™, ilvCED, E. coli 60.70 0.220 2.06 [74]
ygaZH, Irp
ICD™(G407S), Appc, Apyc, pJC4ilvBNCE, MGE  C. glutamicum 8.50 0.220 [60]
analysis
AaceE/pJC4ilvBNCE, Apqo C. glutamicum 35.20 0.130 [75]
L-valine AaceE, Apgo, Apgi/pJC4ilvBNCE C. glutamicum 48.00 0.490 0.656 [76]
AaceE, AalaT, C. glutamicum 51.00 0.307 0.533 [55]
AilvA/pIY W-4-ilvBNCYWEL [rpVWB-L_brnFE
AldhA Appc Apta AackA ActfA AavtA, ilvN®EC™,  C. glutamicum  149.90 0.572 [77]
gapA, pyk, pfkA, pgi, tpi, /p)CRB-BNGEC™,
pCRB-DLD, oxygen deprivation conditions
AldhA, pCRB-BN™'C™! pCRB-DLD, oxygen C.glutamicum  172.20 0.409 [4]
deprivation conditions, 24 h
AldhA, pCRB-BN™'C™! pCRB-DLD, oxygen C. glutamicum  227.20 [4]

deprivation conditions, 48 h
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Fig. 3 Biosynthesis pathway of aromatic amino acids in E. coli. Blue dashed lines indicate feedback inhibition, and red
dotted lines indicate feedback repression. The shared chorismate synthesis pathway and the three branched synthesis

pathways are highlighted in different colors.
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Table 3 Summary of forward metabolic engineering for production of aromatic amino acids

Amino

Titer

Yield

Productivity

. Approaches Host References
acid (g/L) (9/9) (9/(L:h)
AtyrR/pCL1920::P 10 1aroG™tyrA™ ppsAtktA® E. coli 9.70  0.102 [88]
Global transcription machinery engineering E. coli 13.80 0.120 [82]
Small regulatory RNAs engineering E. coli 21.90 [89]
L-Tyr AtnaA, Amtr, yjiv::Py.-aroG, yghx::Pyc-trpE, E. coli 45.60 0.301 2.53 [90]
yyrk::Pj-trpD, ycjv::Pg-serA, repeated batch
fermentation
aroG™ tyrR™!, ApheLA, Py-tyrA E. coli 55.00  0.300 [91]
ApheA, AtyrR/pAP-aroG™-tyrA™" E. coli 5554  0.250 1.38 [92]
ApheA, AtyrA, AaroF, Alac::Py,::aroFBL", E. coli 10.10 0.37 [85]
Arbs::PyciglpX,
Agal::Pye:itktA-cat/pF81(Pyei:aroF, pheA™,
aroB, aroL, Amp®, lacl)
Aptsl::iolT2-ppgK, AaroP, AaceE, Aldh C. glutamicum 15.76 [93]
pheA™ ydiB, aroK, aroG15 E. coli 23.80 0.154 0.073 [94]
ApheA, AtyrA, AaroF, aroF™ pheA™ E. coli 32.00 [95]
L-Phe ApheA, AtyrA, E. coli 35.00 [96]
AaroF/pJF119EH-aroF™tpheA™-aroL ™
L-tyrosine auxotrophic E. coli 35.38 0.238 0.61 [97]
Multiple random mutagenesis, aroF™, pheA™ E. coli 57.63  0.242 1.153 [98]
Multiple random mutagenesis, aroF™", E. coli 62.47  0.236 [99]
pheA™ aroA
L-tyrosine auxotrophic, AtyrR, aroF™" aroD, E. coli 7290  0.259 [100]
pheA™ galP, glk
AtrpR, AtraA, AptsG, with tryptophan E. coli 16.30 [101]
attenuator deletion and trp promoter swapping
by 5CPtacs promoter cluster, AaroP, AtnaB,
Amtr/pCL1920-aroG™"-trpE™"-tktA
AtnaA, trpEDCBA, yddG E. coli 36.30 [102]
aroG™, trpEDCBA, ApykF, AptsH, AtrpR, E. coli 39.70 0.167 1.6 [103]
Aattenuator, AtrpL, galP, glk, repressing pta
AlacU169, gal490AC1857, A(cro-bioA), rpsL, E. coli 40.30 0.150 0.6 [10]
e (StrR), AaroF, AaroG, Amtr, AtnaA, AtnaB, AA?,
y AAroH::P 153116-1pst -tac-(Ar0G >80 -sgrAH3#AINIG64A)
Puc-trpES*°F DCBA
serA6 lacU169 E. coli 42.30 0.176 [104]
tNa2/pBE7-Pjacuvs-aroG™ P .cuys-trpE™
AtrpR, AtnaA, ApheA, AtyrA, E. coli 44.00 0.130 0.82 [105]
pta::ptal/pSTV-03-aroF™'-trpE™'D
AtnaA, AgltA, Apta, AackA, ApoxB, trpEDCBA E. coli 47.18 0.156 [106]
AtrpR, AtnaA, Apta, Amtr, aroG™ E. coli 48.68  0.218 [107]

trpERDCBA, serA, tktA, ppsA, yddG

http://journals.im.ac.cn/cjbcn
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