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Nature carries out an astonishing variety of biological
functions with a very limited set of chemical building
blocks. Biological heteropolymers can achieve highly
specific functions because of their well-defined three-di-
mensional arrangements. This three-dimensional struc-
ture is controlled by the chemistry of the monomer back-
bone and interactions of involving specified sequences of
side chains. The expansive range of function achieved with
a small set of chemical building blocks implies that there is
a much larger range of materials that could be built with
human-engineered heteropolymers that draw from a wider palette of chemical functionality. If
we better understand how to predict the structures of nonbiological heteropolymers and modu-
late their relative stability, we can make materials that are more chemically resilient, more
responsive, and mechanically tougher, and that act as more adaptable smart materials, more
efficient catalysts, and better electron conductors.

In this talk | describe work in our group so far to start from basic physical principles and interac-
tions to build molecularly inspired simple models that can capture the physics of oligomers that
cooperatively fold into defined secondary structures in similar ways to proteins. | describe our
modeling philosophy to achieve this, and show the sorts of cooperative folding behavior that
can be captured with even the simplest of models. What more might need to be done to under-
stand how to build true non-protein molecular machines?
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