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Abstract:  Transcription factor-based biosensors (TFBs) play an essential role in metabolic engineering and synthetic
biology. TFBs sense the metabolite concentration signals and convert them into specific signal output. They hold high
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sensitivity, strong specificity, brief analysis speed, and are widely used in response to target metabolites. Here we reviewe the
principles of TFBs, the application examples, and challenges faced in recent years in microbial cells, including detecting target
metabolite concentrations, high-throughput screening, adaptive laboratory evolutionary selection, and dynamic control.
Simultaneously, to overcome the challenges in the application, we also focus on reviewing the performance tuning strategies
of TFBs, mainly including traditional and computer-aided tuning strategies. We also discuss the opportunities and challenges
that TFBs may face in practical applications, and propose the future research trend.
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Fig. 1 Schematic diagram of transcription factor-based
biosensor principle. Ponst: cONstitutive promoter; Pinguc.:
inducible promoter. (A) Repressed-repressor biosensor.
In the absence of the target metabolite, the repressor was
bound to an inducible promoter, preventing the
expression of downstream genes (“OFF”). In the
presence of the target metabolite, they were bound to the
repressor and altered its conformation, resulting in the
release of the repressor from the promoter, initiating the
expression of the downstream genes (“ON”). (B)
Activated-repressor biosensor. In the absence of the
target metabolite, the repressor was inactive. It caused
the biosensor to be in the “ON” state. In the presence of
the target metabolite, they were bound to the repressor
and activated its repression, preventing the expression of
downstream genes (“OFF”). (C) Repressed-activator
biosensor. In the absence of the target metabolite, the
activator was bound to an inducible promoter, turning on
the expression of downstream genes (“ON”). In the
presence of the target metabolite, they were bound to the
activator and altered its conformation, repressing the
activation, preventing the expression of the downstream
genes (“OFF”). (D) Activated-activator biosensor. In the
absence of the target metabolite, the activator was
inactive. It caused the biosensor to be in the “OFF” state.
In the presence of the target metabolite, the activator was
activated and increased the expression of inducible
promoter-controlled genes. It made the biosensor to be in
the “ON” state.
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Fig. 2 The application of transcription factor-based

biosensor*#! P, q..: inducible promoter; S: substrate; E;:

Enzyme i; P: product; GOI: gene of interest. (A)
High-throughput screening system of high yield strains.
Metabolite production pathway and biosensor were
transformed into the target strain to screen high yield
strains by FACS. (B) Nongenetic evolution system of
high yield strains. Continuously screen high-performance
variants using resistant selectors to increase their
population and improve production efficiency. (C) The
universal quorum-sensing circuit combined with
CRISPRI effectively increased the production of target
metabolites.
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