HOKKAIDO UNIVERSITY

Title DFPNFEL I 2L —Y 3 VRV EEARD FOIRREICE 1T 2 KRR OFMEE
Author (s) BT, B BN, #HiE;, FI§, EF M
Citation {KBERIZ, 84, 75-84
Issue Date 2026-03-10
DOI https://doi.org/10. 14943/ lowtemsci. 84.75
Doc URL https://hdl. handle.net/2115/99019
Type departmental bulletin paper
File Information 08 p075-084 LT84, pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




iR~ 84 (2026) 75-84
doi: 10.14943/lowtemsci. 84. 75

DFENFEVI2AV—Ya VRV EXSFO
HLERELC B 1T B IKFOZN R D A

& =&, En wE?, FIE EFY, ML RV

2025 10 B 15 H%f¥, 20254 11 B 5 B%E

DYENFY I ab—Ya Y TERGTORBREEZ RO 7ZGE /RO N RIIMES—2 721 T
HbH. Ll, ZOWHRBOFEG*ERSTFORHGTE XY > THIT 5 L TZOEKNE T
NNz wWEE 2, BT EZRE L. TOTFHEEZ, KhD7 5L ) —VHCH(OH),»E FIVit
BB LR, KERGOEHRB~OEE L RN 2 F 5~ Rl Ths 2 L, T2 BE
DORMEORKE L L Vo EEARMOMENHEEOIHEFEICKE BT LI L ERTILENTE
72, 79V —VoOEfREIE, OHMEOHME & HITHMA L, 75— ¥ & Cy(OH)DILEFREL D I
LTI E SN, FIES X, bTFhRy v HOMEEI K E RIHREELE 725
TR BERPETEEZHOTERNIORLTWS, ERRO13MEE W HIZZOEBRETHS L Tw
LEALORKE S LFAMRETH 5.

Methods for Evaluation Hydration Effects on the Diffusion Coefficients
of Macromolecules using Molecular Dynamics Simulation

Tomoya Iwashita', Yuki Uematsu’, Masahide Terazima®, Ryo Akiyama'™

The diffusion coefficient of a macromolecule is given as a value. Each of the atoms in the macromolecules
contributes to the coefficient. To investigate the contribution using molecular dynamics simulations, we developed
a computational method that decomposes the friction coefficient into its contributions. We applied these methods
to several fullerenols, C.,(OH),, in water. The analysis suggested that two factors are important: one is hydrogen
bonding between the macromolecule and water molecules, and the other is the roughness of the solute surface.
Due to both effects, the diffusion coefficient of the fullerenols decreased with an increasing number of hydroxyl
groups, and the ratio of the diffusion coefficients of Cy, to C¢(OH),s was found to be approximately 1.37. Terazima
et al. demonstrate that even slight structural changes in proteins can result in a significant difference in diffusion
coefficients. The calculated ratio 1.37 is the same as one of the ratios obtained experimentally by Terazima et al.
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B 1 : Structures of fullererols. Red and green circles indicate COH
sites with attached OH groups and C sites, respectively. From top
to bottom, the structures of Cy(OH),, C4(OH),,, and Cq,(OH),g are
shown. Reprinted with modification from T. Iwashita, Y. Uematsu, M.
Terazima and R. Akiyama, J. Chem. Phys. 161, 244907 (2024), with
the permission of AIP Publishing.
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X 2 : Results of applying the decomposition method'”. The vertical
axis represents the magnitude of each site's contribution, and the
horizontal axis (site numbers 1-60) corresponds to the numbering
in the extended fullerene graph show in Fig. 1. Red and green bars
represent COH sites and C sites, respectively. From top to bottom,
the results for C4(OH),, C4(OH);,, and Cg(OH),s are shown, each
with the polar model followed by the non-polar model. Reprinted
with modification from T. Iwashita, Y. Uematsu, M. Terazima and R.
Akiyama, J. Chem. Phys. 161, 244907 (2024), with the permission of
AIP Publishing.
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X 3 : Results of applying the decomposition method for Cy(OH),,
and C4(OH),s, summed over the C and COH site groups [14].
Green bars represent the total contributions from C sites, and red
bars represent those from COH sites. From left to right, the results
for C¢(OH),, and C4(OH),s are shown, each with the polar model
followed by the non-polar model. Reprinted with modification from T.
Iwashita, Y. Uematsu, M. Terazima and R. Akiyama, J. Chem. Phys.
161, 244907 (2024), with the permission of AIP Publishing.
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B 4 : Results of the solvent-accessible surface area (SASA)
calculations [14]. The vertical axis represents the SASA value for
each site, and the horizontal axis (site numbers 1-60) corresponds
to the numbering in the extended fullerene graph shown in Fig. 1.
Red bars indicate COH sites, and green bars represent C sites. From
top to bottom, the results for C¢(OH),, Cq(OH),,, and C¢,(OH),4 are
shown. Reprinted from T. Iwashita, Y. Uematsu, M. Terazima and R.
Akiyama, J. Chem. Phys. 161, 244907 (2024), with the permission of
AIP Publishing.
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(a) diffusion coefficient

(b) friction coefficient

(c) hydrodynamic radius
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R 5 : Summary of the diffusion properties of fullerene and fullerenols'”. From left to right, the diffusion coefficient, friction coefficient, and
hydrodynamic radius are plotted as functions of the number of hydroxyl groups. Closed circles represent the results of the polar model, while opened
circles represent those of the non-polar model. The crosses in (c) indicate the gyration radius. Reprinted from T. Iwashita, Y. Uematsu, M. Terazima
and R. Akiyama, J. Chem. Phys. 161, 244907 (2024), with the permission of AIP Publishing.
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6 : Results of applying the frictional resistance coefficient decomposition method to the artificial fullerene model [14]. Red, blue, and green bars
represent positively charged C sites, negatively charged C sites, and neutral C sites, respectively. The inset shows an enlarged view for the result.
Reprinted from T. Iwashita, Y. Uematsu, M. Terazima and R. Akiyama, J. Chem. Phys. 161, 244907 (2024), with the permission of AIP Publishing.
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B 7 : Radial density distribution functions between the centers
of neutral, positively charged, and negatively charged C sites and
the oxygen atoms of water molecules. The green, red, and blue
curves represent the results for neutral, positive, and negative sites,
respectively. The inset shows an enlarged view around the first peak.
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8 : Spatial average of q4 as a function of the distance from the
centers of neutral, positively charged, and negatively charged C sites.
The green, red, and blue curves represent the results for neutral,
positive, and negative sites, respectively. The inset shows an enlarged
view around r = 0.3 nm
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