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Elucidation of energy dissipation mechanism utilizing characteristic
three-dimensional structures of proteins
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Vibrational energy flow in proteins was studied by monitoring the
time-resolved anti-Stokes ultraviolet resonance Raman scattering of three myoglobin mutants in which
a Trp residue substitutes a different residue near heme. The anti-Stokes Raman intensities of the

Trp residue in the three mutants increased with similar rates after depositing excess energy at
heme, despite the difference in distance between heme and each Trp residue along the main chain of
the protein. This indicates that vibrational energy is transferred through atomic contacts between
heme and the Trp residue. Distinct differences were observed in the amplitude of the band intensity
change between the Trp residues at different positions, and the amplitude of the band intensity
change exhibits a correlation with the extent of exposure of the Trp residue to solvent water. This
correlation indicates that atomic contacts between a residue and solvent water play an important
role in vibrational energy flow in a protein.
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