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Signal sensing of engineered bacteria in microbial therapy
and its application in biomedicine
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Abstract: In recent years, microbial therapy based on the fact that microorganisms can provide
health benefits has created new opportunities for the diagnosis and treatment of diseases. Studies
have demonstrated that oral administration of Lactobacillus lactis, Escherichia coli, and
Bifidobacterium can assist in the treatment of a variety of diseases. In microbial therapy,
engineered bacteria have attracted much attention owing to their specific functions. They can either
assist in diagnosis by sensing specific signaling molecules in the disease environment, or target the
specific signals of the disease site and initiate their expression systems to release specific
molecules for precise treatment. This paper reviewed the sensing systems of engineered bacteria
for different signaling molecules and the application of the sensing systems in biomedicine.
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Figure 1 Bacterial sensing system.
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Figure 2 Four chemically regulated sensing signals. A: O, molecule-mediated oxygen sensors. B: Tryptophan
metabolites affect bacterial expression. C: Quorum sensing signaling molecule AHL up-regulates the expression
of reporter genes. D: Inducer molecules (arabinose) to activate or repress expression of target genes.
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Figure 3 Three physical modulation of sensing signals. A: Dusk and pDawn systems for downstream gene
expression via photoinhibition or photoactivation. B: Eulation of engineered bacterial expression systems
induced by temperature changes. C: Oizing radiation-mediated expression systems for disease therapeutic
factors.
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Figure 4 Biomedical applications of engineered bacterial signal sensing systems.
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Applications of engineered bacterial signal sensing systems for disease diagnosis

Disease Strains Sensor input Sensor output Application
examples

Cancer S. typhimurium Hypoxia induction GFP [15]
Escherichia coli LacZ report gene [70]
Nissle1917 [71]
Salmonella ZsGreen

V. cholerae infection Lactococcus lactis Autoinducer Colorimetric enzymatic [72]

reaction

Inflammation Escherichia coli DH5aZ1  Nitrogen oxides Fluorescence [73]
Escherichia coli NGF-1; [4,67]
Nissle 1917 Thiosulfate Fluorescence

Fever Escherichia coli NEB10b Fluorescence [74]

Diabetes Escherichia coli DH5aZ1  Glucose Fluorescence [75]
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Table 2 Applications of engineered bacterial signal sensing systems for disease therapy

Disease Strains Sensor input Sensor output Application examples
P. aeruginosa E. coli Nissle 1917 30C,HSL Lytic protein; anti-biofilm [77]
infection hydrolase
Cancer Typhimurium 30C,HSL Autolytic protein; lytic protein  [78-79]
E. coli DE3& Nissle 1917  30C,HSL [80]
Salmonella Hlye [15]
E. coli Nissle 1917 Hypoxia induction TNF-a [81]
Thermal induction TNF-a [6]
Photoinduction
Inflammation E. coli Nissle 1917 Photoinduction IL-10 [5]
Hyperammonemia E. coli Nissle 1917 Hypoxia induction Ammonium-utilizing enzyme [82]
Parkinson’s disease E. coli Nissle 1917 Photoinduction GABA; GCSF [7]

L. lactis
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