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Project Goals: The project objective is to design and build a multimodal nanoscopy system to generate 
adaptive 3D images with high-resolution, and real-time, dynamic label-free chemical imaging of metabolic 
processes in photosynthetic organisms.  

Abstract: 
Metabolism is highly organized in space and time. In bacteria, this spatial and temporal 

organization of metabolism enables multiple, often competing, reactions to occur simultaneously in the 
same cell. However, the architectural principles of metabolic reaction networks and underlying cellular 
complexity of  bacterial cells is only beginning to be appreciated. To unlock the true potential of synthetic 
biology and design novel microbial systems, signaling pathways and metabolic networks, the subcellular 
environment must be considered (in space and time). Our interdisciplinary research team harnesses cutting-
edge synthetic biology tools, advanced live-cell imaging modalities, quantitative image analysis, and an 
integrated theoretical framework to investigate the regulatory and physical design principles underlying the 
spatiotemporal modulation metabolism in single bacterial cells.  

Cyanobacteria are major primary producers and are unique in their ability to perform oxygenic 
photosynthesis, nitrogen fixation, and CO2 fixation using light energy; these reactions are naturally 
optimized through spatial and temporal separation. These attributes make cyanobacteria ideal platforms to 
investigate and modulate cellular architecture and metabolism. We have developed a new imaging system 
to enable multidimensional measurements of photosynthetic metabolism in vivo and will describe the new 
types of measurements that can now be made in single cells. Understanding the design principles that enable 
robust functionality of the photosynthetic and carbon-fixing machinery is a fundamental challenge to 
improve native and heterologous metabolic pathways. 
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