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Computational Protein Design with Natural and Unnatural Amino Acids

Proteins play a fundamental role in essentially all biological processes. The ability to rationally alter protein
function (a field known as protein engineering) would have far-reaching implications on human health;
however, this represents a very challenging problem. In recent years, computational protein modeling

methods have been developed that have dramatically accelerated protein engineering efforts. Despite this,

certain protein engineering goals (e.g., rationally designing new enzymes or imbuing proteins with
completely novel functions) remain difficult to achieve even with these powerful computational tools. To
circumvent these challenges, we have developed a unique approach in which amino acids that are not found
in nature serve as starting points for our protein engineering efforts. By combining these “non-canonical
amino acids” with the Rosetta computational protein design software, we engineer proteins that have
properties that would be difficult to achieve with naturally occurring amino acids alone. Two of the major
focuses of our research, the rational design of fluorescent, protein-based sensors of a variety of important
cellular process and the development of enhanced computational enzyme design methods, will be discussed
in this presentation.
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Research in the Mills group focuses on the use of computational protein design methods to engineer proteins
in which non-canonical amino acids carry out important functions.
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