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Roles of translational, configurational entropy of water in protein folding and denaturation: a

theoretical study on thermal stability of staphylococcal nuclease mutants

In general, the structures formed by the biological self-assembly processes are collapsed by the
application of high pressures, and the power of forming the structures becomes considerably
weaker at low temperatures. In a series of papers [1-4], we have shown that the solute-water many-
body correlation component of the translational, configurational entropy of water universally plays
critical roles as the driving force in all of these processes. Our theory, where this physical factor is
emphasized, is capable of elucidating the pressure [2] and cold [3] denaturation of a protein. Our
hybrid of the angle-dependent integral equation theory applied to a molecular model for water and
the morphometric approach has been a powerful theoretical method. The Asakura-Oosawa theory,
which takes account of only the solute-water pair correlation component, cannot reproduce the
pressure and temperature effects described above [4]. In the awarded paper, we investigated the
thermal stability of the wild type and nine mutants of staphylococcal nuclease. The thermal stability
is correlated not with the number of intramolecular hydrogen bonds, intramolecular electrostatic
energy, and area of exposed hydrophobic surface of the protein in the folded state but with the
water-entropy gain upon protein folding related to the packing efficiency, core volume, or number
of van der Waals contacts of the protein in the folded state.
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