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Abstract: Protein assemblies play an important role in many biological processes and consƟtute a unique class 
of building blocks for materials of various types, owing to our ability to precisely tune their sequence. Our ability 
to harness these assemblies in and beyond biological contexts is conƟngent on understanding the driving forces 
for their formaƟon. However, producƟon and study of these assembling proteins typically depends on 
intracellular protein producƟon followed by lysis and soluble protein purificaƟon—steps that are not necessarily 
compaƟble with maintaining the integrity of the protein assemblies of interest. Cell-free protein synthesis (CFPS) 
offers the opportunity to shiŌ this paradigm for protein assemblies, providing on-demand synthesis of protein 
assemblies in an unconstrained open reacƟon environment. In this talk, I will describe how we are using CFPS in 
the study of two different types of protein assemblies.  

First, I will demonstrate how we used CFPS to study and prototype assemblies formed by hexameric bacterial 
microcompartment (BMC-H) proteins that drive the formaƟon of bacterial microcompartments. This work 
focuses on two homologous BMC-H proteins that come from the same bacterial microcompartment system, 
PduA and PduJ. Using immunostaining and confocal fluorescence microscopy, we find that both PduA and PduJ 
form structures hundreds of microns large in CFPS, highlighƟng the role that the cell boundary plays in checking 
protein self-assembly in vivo. Further, we find that while PduA and PduJ are similar in both biological funcƟon 
and sequence, these two proteins form significantly different supramolecular structures in CFPS, a testament to 
the significant impact seemingly small differences can have on self-assembly—a finding that is further supported 
by characterizaƟon of single PduA and PduJ point mutants. 

The second porƟon of my talk will focus on applying CFPS to the study of proteins that form bacterial 
biomolecular condensates. Specifically, using a panel of model condensate forming proteins, we are studying 
how condensate behavior varies across in vitro buffer systems, in vivo bacterial systems, and in vitro CFPS 
systems, with the ulƟmate goal of addressing the limitaƟons of current in vitro and in vivo approaches through 
the use of CFPS. 
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