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Elucidation of intramolecular heat transfer mechanism for construction of highly
effective photothermal protein heaters
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Diffusion processes of excess vibrational energy generated by

photoexcitation of heme in heme proteins were spatiotemporally mapped at the level of a single amino
acid residue using the anti-Stokes Raman scattering of a tryptophan residue in the protein as a
spectroscopic probe. Taking advantage of characteristic structures of proteins, we observed the
dependence of the vibrational energy flow on the distance from the heme group and revealed that the
protein is highly thermally conductive due to its dense packing. We also demonstrated that the
anti-Stokes Raman intensity of tryptophan is an excellent spectroscopic thermometer to determine the
local internal temperature in the protein in a nonequilibrium state. In addition, we demonstrated
that heme proteins have sufficient heat releasability following photothermal energy conversion on
heme as protein-based molecular heaters.
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