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    Abstract
The solvent-excluded surface (SES) of a protein is determined by and in turn affects protein-solvent interaction and consequently plays important roles in its solvation, folding and function. However, accurate quantitative relationships between them remain largely unknown at present. To evaluate SES’s contribution to protein-solvent interaction we have applied our accurate and robust SES computation algorithm to various sets of proteins and ligand-protein interfaces. Our results show that each of the analyzed water-soluble proteins has a negative net charge on its SES. In addition we have identified a list of SES-defined physical and geometrical properties that likely pertain to protein solvation and folding based on their characteristic changes with protein size, their differences between folded and extended conformations, and their correlations with known hydrophobicity scales and with experimentally-determined protein solubility. The relevance of the list of SES-defined properties to protein structure and function is supported by their differences between water-soluble proteins and transmembrane proteins and between solvent-accessible regions and ligand-binding interfaces. Taken together our analyses reveal the importance of SES for protein solvation, folding and function. In particular the universal enrichment of negative charge and the larger than average SES area for a polar atom on the surface of a water-soluble protein suggest that from a protein-solvent interaction perspective to fold into a native state is to optimize the electrostatic and hydrogen-bonding interactions between solvent molecules and the surface polar atoms of a protein rather than to only minimize its apolar surface area.
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