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Proteins are products of billions of years of evolution, but neither their 
earliest forms nor the routes by which entirely new proteins emerge are 
directly accessible. My group uses experimental models to approach these 
questions using synthetic biology. We explore what structures and functions 
may be supported by limited amino acid alphabets that serve as models of 
possible early stages of protein evolution, and what molecular behaviors 
arise from random sequences built from the modern alphabet but lacking 
evolutionary history. Using large, compositionally controlled libraries 
together with biochemical, biophysical, cellular, and computational analyses, 
we ask how amino acid composition and sequence shape folding, assembly, 
and function, and what these constraints may reveal about possible protein 
beginnings.
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