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Abstract: 
We and others have engineered bacterial photoreceptors and used them for precise control 
of gene expression in exponential growth phase. However, in applications such as metabolic 
engineering and microbiome studies, bacteria predominantly reside in stationary growth 
phase. We find stationary phase dramatically alters the performance of current bacterial 
light sensors, in large part due to the accumulation of light sensor and output proteins that 
occurs as a result of cessation of growth. We have overcome this challenge for the widely-
used green light sensing two-component system CcaSR. In particular, we use integrated 
modeling and experimentation to optimize expression of the chromophore biosynthesis, 
photoreceptor, transcription factor, and output proteins for stationary phase, including 
leveraging proteolysis tags to ensure their turnover. Using our stationary phase-optimized 
system, we demonstrate high dynamic range and precise control over activation and 
deactivation kinetics, similar to the performance of this system in exponential phase. We 
are applying this stationary phase CcaSR system to optimize engineered metabolic pathway 
yields in stationary phase conditions. 
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