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Intelligent design of transcription factor-based biosensors

LIANG Chaoning, XIANG La, TANG Shuangyan®

Department of Microbial Physiological & Metabolic Engineering, State Key Laboratory of Microbial Diversity and
Innovative Utilization, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Transcription factor (TF)-based biosensors have been widely applied in metabolic
engineering, synthetic biology, metabolites monitoring, etc. These biosensors are praised for the
high orthogonality, modularity, and operability. However, most natural TFs with weak
responses and low specificity still demand optimization for desired performance in applications.
Herein, we comprehensively summarize the recent advances in the engineering and optimization
of TF-based biosensors with the assistance of computational simulation and artificial
intelligence. This review includes the regulatory protein engineering aided by protein structure
prediction and ligand binding simulation and the regulatory protein responses predicted by a
mathematical model obtained from machine learning of mutagenesis data. In comparison with
conventional tools, computational simulation and artificial intelligence enable more accurate
and rapid design and construction of biosensors. Thus, these technologies will greatly promote
the development of novel biosensors for applications.

Keywords: transcription factor; biosensor; computational simulation; protein engineering; machine
learning
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Figure 1  Working mechanisms (A) and performance parameters (B) of transcription factor-based

biosensorst'%. TF: Transcription factor; RBS: Ribosome binding site; DBD: DNA binding domain; LBD:
Ligand binding domain; ORI: Replication origin.
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Table 1 The summary of current researches on computer-aided protein engineering of transcription

factor-based biosensors

Year TF Host strain Al assistance Target References

2015 PobR Escherichia coli Rossetta, comparative Ligand specificity [15]
modelling

2015 QacR Cell free Protein structure prediction Ligand specificity [16]

2016 Lacl E. coli Protein structure prediction Ligand specificity [17]

2017 LasR - Visual screening - [18]

2020 BenR, E. coli Homology modelling, Ligand specificity [19]

XylS docking

2020 LysG E. coli Molecular dynamics Ligand specificity [13]
simulation

2020 PcaV E. coli Design of experiments Optimization, [20]

modelling

2020 DmpR E. coli Machine learning Dynamic range [21]

2020 CdaR E. coli Machine learning Dynamic range [22]

2021 LuxR E. coli Molecular dynamics Sensitivity, stability, [23]
simulation etc.

2021 AR - Visual screening [24]

2022 FapR Saccharomyces Machine learning Dynamic range [25]

cerevisiae
2023 LysR, Corynebacterium Docking, molecular Dynamic range, ligand [26]
BenM glutamicum simulation specificity

http://journals.im.ac.cn/cjben
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Figure 2 Computer-aided design of transcription factor-based biosensor. A: The workflow of the

designing-building-testing-learning; B: The options of altering the biosensor response curve through protein
engineering!!®!. The colors of the curves indicate the trend of the optimizations.
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