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1. Project Purpose
It has been widely accepted that the thermal transport is one of the most
fundamental biophysical properties of proteins. Nevertheless, its relationship with
protein features, such as structure and dynamics, still remains elusive. We can
expect highly non-uniform heat flow in proteins during thermal fluctuations
because protein structures are anisotropic and inhomogeneous. To illustrate such
nature of proteins, we developed a theoretical framework for analyzing local
thermal transport property based on Green-Kubo formalism, constructed a linear-
homopolymer-like model.

Intramolecular signaling, allosteric communication in proteins has been a long-
standing issue in molecular biophysics. A variety of proteins systems, including
genome editing proteins, have to do with this problem. We will address the issue
based on the analysis of intramolecular vibrational energy relaxation network in

proteins.

2. Results
We applied the linear-homopolymer-like model to a small a-helical protein, villin
headpiece (HP36). As a result, it reproduced the exact value of the protein thermal
conductivity, derived from the total heat current, with an error of less than 1 %.
Interestingly, the site-selective analysis of the local, residue-wise, thermal
conductivity demonstrated its distinct residue-type dependence, i.e., its magnitude
decreased in the order of charged, polar, and hydrophobic residues. In addition, the

local density of the residue-wise thermal transport property was also discussed.

3. Roles of the MCRP and its significance
To reproduce the thermal transport properties of complex macromolecules such as
proteins based on Green-Kubo formalism, we need to perform careful MD
simulation with a small timestep. As such, huge computational resources, i.e., CPU
time and disc space, are required. We thank MCRP for providing us such

computational resources to conduct our calculations during our scientific research
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project.

4 . Future plan
Regarding our future directions, we aim to understand (1) the mechanism of
complex heat transfer mechanism within protein interior, (2) its relationship with
the allosteric communication and signal transduction of proteins. Also, we wish to
investigate the role of protein-solvent interface in the biophysical properties of
proteins.

It is true that our own CURP program provides a unique method to analyze the
thermal transport properties of proteins. From technical point of view, however, its
computational efficiency is not sufficiently optimized for much larger protein
systems. We wish to further improve the CURP program so that it demands less

disc space with faster calculation speed.
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