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Classical studies show that the information required for specifying the tertiary structure and biochemical function of proteins is contained in the amino acid sequence.  However, the potential complexity of this information is truly enormous, a problem that makes defining the rules for protein folding and function difficult through either computational or experimental methods.  The recent dramatic expansion of sequence databases offers new approaches to this fundamental problem.  In the past few years, we have reported methods for analyzing the evolutionary constraints between amino acid residues in proteins, and have carried out a number of experimental studies to test the resulting predictions.  For diverse proteins, this analysis reveals a rather surprisingly simple architecture for the evolutionary constraints: a sparse set of mutually evolving residues form networks through the protein core that connect distant functional surfaces; other positions act largely independently, showing little or no coupling with other residues. To globally test this hypothesis, we computationally created artificial protein sequences using only the statistical constraints extracted by the evolutionary analysis, and built large numbers of the designed sequences for experimental studies of folding and function.  The work shows that for two protein families, the information contained in the evolutionary analysis is sufficient to predict sequences that fold into native structures.  The result suggests that in a purely statistical and mechanism-free way, the evolutionary analysis captures much of the design rules for specifying natural proteins. These results motivate two kinds of current studies in our group: (1) a careful examination of the physical mechanism of the evolutionarily conserved networks – how the sparse but connected architecture works – and (2) understanding the evolutionary logic of this architecture – why the network is the way it is.  Ultimately, we hope that these studies will provide insight into the basic principles of the evolutionary design of proteins.

