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Advances of development and application amino acid
biosensors

PU Wei'?, CHEN Jiuzhou'?, WANG Yu"?’, ZHENG Ping'?, SUN Jibin"?

1 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China
2 National Center of Technology Innovation for Synthetic Biology, Tianjin 300308, China

Abstract: Amino acids are the basic building blocks of protein that are very important to the
nutrition and health of humans and animals, and widely used in feed, food, medicine and daily
chemicals. At present, amino acids are mainly produced from renewable raw materials by
microbial fermentation, forming one of the important pillar industries of biomanufacturing in
China. Amino acid-producing strains are mostly developed through random mutagenesis- and
metabolic engineering-enabled strain breeding combined with strain screening. One of the key
limitations to further improvement of production level is the lack of efficient, rapid, and
accurate strain screening methods. Therefore, the development of high-throughput screening
methods for amino acid strains is very important for the mining of key functional elements and
the creation and screening of hyper-producing strains. This paper reviews the design of amino
acid biosensors and their applications in the high-throughput evolution and screening of
functional elements and hyper-producing strains, and the dynamic regulation of metabolic
pathways. The challenges of existing amino acid biosensors and strategies for biosensor
optimization are discussed. Finally, the importance of developing biosensors for amino acid
derivatives is prospected.

Keywords: amino acid; biosensor; high-throughput screening; adaptive laboratory evolution;
dynamic regulation; hyper-producing strain
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Figure 1 The working principles of different types of amino aicd biosensors. A: The biosensor based on
trasncription factor (TF). When the intracellular concentration of effectors such as the alkaline amino acids is
elevated, the TF LysG binds to the effector L-Lys and the complex binds to the /ysE promoter to initiate the
transcription of downstream gene. B: The biosensor based on riboswitch. When the intracellular
concentration of effectors such as L-Lys is elevated, the aptamer of riboswitch binds to the effector L-Lys and
undergoes structural change. The ribosome binding site (RBS) forms senior structure and the transcript of
downstream gene cannot be translated. C: The biosensor based on Forster resonance energy transfer (FRET).
FRET-based biosensors consist of a donor domain (cyan fluorescent protein, CFP) and an acceptor domain
(yellow fluorescent protein, YFP) which links to the N- and C-termini of the ligand-binding protein (LBP),
respectively. When the effector L-Lys binds to the LBP, a conformation change shortens the distance between
the donor and acceptor domains. The wavelength emitted by the donor domain excites the acceptor domain
and produces detectable fluorescent signals. D: The biosensor based on translation machinery.
Aminoacyl-tRNA synthetase (aaRS) specifically recognizes its corresponding amino acid and tRNA to
generate corresponding aminoacyl-tRNA. Certain mutations in the amino acid-binding domain of aaRS can
reduce the affinity to its corresponding amino acid and slow down the translation process and hinder cell
growth. When the intracellular concentration of corresponding amino acid is elevated, the aaRS variant with
poor affinity can synthesize enough aminoacyl-tRNAs and cell growth can be compensated. Figure 1D was
adopted from the paper by Sun, et al'®.
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x1 [EBREVERZIRELARES "
Table 1 Summary of amino acid biosesnors and their applications®
Sensor Type Source Effector Signal Application References
Lrp TF C. glutamicum L-valine, L-isoleucine, eYFP, GFP, HTS, ALE, dynamic  [17-21]
L-leucine, L-methionine ~ TetA regulation
TyrR TF E. coli L-phenylalanine, GFP HTS [22-23]
L-tryptophan, L-tyrosine
TrpR1Y*%E TF E. coli L-tryptophan GFP No [24]
TrpR1Y*8 TF E. coli 5-hydroxytryptophan GFP No [24]
LysG TF C. glutamicum L-lysine, L-arginine, eYFP HTS, dynamic [9,25-28]
L-histidine regulation
LysG*?'%t TF C. glutamicum L-histidine eYFP HTS [29]
LysGHZBYEIA TR C. glutamicum L-lysine Red pigment HTS [30]
LysG®®Y TF C. glutamicum L-lysine, L-arginine, eYFP HTS, dynamic [31]
L-histidine regulation
ArgP TF E. coli L-arginine, L-canavanine eYFP No [32]
ArgP TF E. coli L-arginine Kan® HTS [33]
ArgR TF C. crenatum L-arginine SacB HTS [10]
NCgl0581 TF C. glutamicum L-serine eYFP HTS [34]
CcdR TF P. ananatis L-cysteine GFP HTS [35]
Ribo-Gly Riboswitch C. pasteurianum glycine HemB Dynamic regulation  [36]
Ribo-Lys Riboswitch B. subtilis, E. coli L-lysine GItA, LysE ~ Dynamic regulation  [11-12]
Ribo-Trp Riboswitch  Artifical construction L-tryptophan eYFP HTS [37]
LAO-BP FRET E. coli L-lysine CFP, YFP Detection [14]
iGlusnFr FRET Artifical construction L-glutamate cpGFP HTS [38]
Rare codon Translation C. glutamicum, L-arginine, L-leucine, Kan® HTS [15,39]
E. coli L-serine, L-proline
aaRS Translation E. coli L-isoleucine Cell growth  HTS [8]
tRNA Translation C. glutamicum, L-tryptophan, L-cysteine, Kan®, GFP HTS [16]
E. coli L-lysine, L-glutamate, and

glycine

*HTS: High-throughput screening; ALE: Adaptive laboratory evolution; aaRS: Aminoacyl-tRNA synthetase.
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Figure 2 Biosythetic pathway of amino aicds and their precursors. The precursors of 20 proteinogenic

amino acids are highlighted in blue.
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