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Free-energy analysis of Trp—cage in lonic Liquids with all-atom MD simulation('School of
Engineering Science, Osaka University, *Graduate School of Engineering Science, Osaka
University) OMototakashi Chin,' Ryuji Osaka,” Kento Kasahara,” Nobuyuki Matubayasi®

Ionic liquids (ILs) have attracted significant attention across a wide range of fields, including
industrial applications in electrochemistry and biochemistry, owing to their solvent properties
that can be finely tuned for specified targets through the selection of specific cations and anions.
In recent years, technologies utilizing ionic liquids for protein separation, extraction, and long-
term preservation have been developed. Elucidating the effects of ionic liquids on the structural
stability of proteins at an atomic level is expected to contribute to the advancement of these
technologies. In this study, molecular dynamics (MD) simulations were performed using Trp-
cage!'l as the model protein and 1-butyl-3-methylimidazolium (Bmim") and chloride ions (CI
7) as the ionic species. Additionally, the solvation free energy was calculated using the energy
representation method!? to quantitatively evaluate the effects of ionic liquids on proteins.

Figure 1 shows the solvation free energy of Trp-cage in its folded state. The results revealed
that the solvation free energy decreases linearly with the concentration of the ionic liquid. This
finding indicates that the protein structure remains stable in ionic liquid, which is further
corroborated by structural indices such as SASA and RMSD.

Keywords : lonic Liquids, Trp—cage; MD simulation; Energy Representation Method

A F R (AL)FA A FEOBIUZ L0 BEIAFET D & Zh, T ORIREIC L -
TIRERE AT D5 Z LB TH L Z &b, BERILFERLE LT Sz T4 1L
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OB BT} F— O a RS, Ry 2730 :
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WD ZEDRDLNY | ZDOREFILSASA L RMSD  Fig.1 Solvation free energy of folded Trp—cage
75 8 OREEFERE NS LR T X B, at various ionic liquid concentrations

[1] B. Uralcan, S. B. Kim, et al., J. Phys. Chem. B. 122, 5707-5715(2018).
[2] S. Sakuraba, et al., J. Comput. Chem. 35, 1592 (2014).
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Accurate computational method for configurational entropy via solvation free energy
calculation (‘Graduate School of Engineering Science, Osaka University) ORyoma Kaji,'
Stefan Herve-Hansen,' Nobuyuki Matubayasi'

The configurational entropy reflecting the flexibility of molecular structures is a crucially
important quantity for understanding biological processes such as protein folding and ligand
binding. Configurational entropy is generally defined using the probability density function,
where the molecular Cartesian coordinates are treated as random variables, as shown in Eq. (1).
Direct computation of configurational entropy is quite difficult, and therefore various
approximate computational methods have been proposed. In this study, we propose a method
to indirectly evaluate changes in configurational entropy from molecular dynamics simulations
based on solvation free energy calculations. The solvation free energy difference between
conformations A and B is determined by the difference in the average values of the potential
energy and solvation free energy in solution, the free energy difference in vacuum, and the
change in configurational entropy. Thus, the change in configurational entropy can be
calculated from the solvation free energy in solution, the solvation free energy obtained with
the molecular structure fixed in solution, and the population ratio of two conformations
obtained from simulations of the isolated molecule in vacuum. Using this method, the
configurational entropy change from the gauche to trans conformation of butane was calculated
to be 6.3 cal/(mol-K).

Keywords : Molecular Dynamics,; Configurational Entropy, Solvation Free Energy
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Development of Free Energy Calculation Method Using Nanoreactor Molecular Dynamics and
Jarzynski’s Equality ('School of Advanced Science and Engineering, Waseda University,
*Waseda Research Institute for Science and Engineering, Waseda University) O Sei
Tsukamura,' Yoshifumi Nishimura,” Hiromi Nakai'~

Nanoreactor molecular dynamics (NMD) method, an enhanced sampling method, increases
collision frequency by artificially compressing and expanding the nanoreactor volume, which
enables to induce chemical reactions efficiently. However, free energy evaluation of the
chemical reactions induced by the NMD method has required additional simulations. This
study aims to directly calculate free energy within the NMD framework using detailed
fluctuation theorems such as Jarzynski’s equality. Specifically, free energy changes are
estimated from the work done during volume compression and expansion.

Keywords : Nanoreactor Molecular Dynamics, Free Energy Calculation, Jarzynski's Equality,
Detailed Fluctuation Theorem
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1) L.-P. Wang, A. Titov, R. McGibbon, F. Liu, V. S. Pande, and T.  Method ~ AF / 10* kcal mol ™'
J. Martinez, Nat. Chem. 6, 1044 (2014). 2) C. Jarzynski, Phys.  NMD 1.50

Rev. Lett. 78, 2690 (1997). 3) S. Park, F. Khalili-Araghi, E.

Tajkhorshid, and K. Schulten, J. Chem. Phys. 119, 3559 (2003). SMD 112
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Development of a Product Viscosity Prediction Model in a Polyvinyl Alcohol Production Plant
(!School of Science and Technology, Meiji University, *Mitsubishi Chemical Corporation) O

Nomura Ryota,! Yoshihito Yamauchi,> Hiroto Misawa,”> Kosuke Nishigaya,> Satoshi
Ooyama,’ Hiromasa Kaneko'

In polyvinyl alcohol production plants, the polymerization degree of the product is required
to be within specifications, and the plant is operated using product viscosity, which correlates
with the polymerization degree, as an indicator. Viscosity fluctuates easily and is difficult to
maintain constant, and because it takes time from the end of polymerization to measure
viscosity, there is a delay in taking action to stabilize viscosity. Therefore, this study developed
a model to predict the viscosity at the end of polymerization from raw material information and
process variables, and searched for factors that affect viscosity based on the model.

Keywords : Polyvinyl Alcohol; Polymerization; Viscosity, Predict
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All-Atom MD Analysis of Glycine Crystal Growth Control Using Additives (' Graduate School
of Engineering Science, Osaka University) OTakuma Matsuda,' Kento Kasahara,' Nobuyuki
Matubayasi'

The properties of crystals, such as absorption rates in the human body, are influenced by their
crystal habit (morphology). The crystal habit is determined by the growth rates of individual
crystal faces and can be regulated by introducing additives that selectively adsorb onto specific
faces and inhibit their growth. The extent of physical adsorption can be evaluated through the
adsorption free energy. Our research group has previously conducted MD simulations and
evaluated adsorption stability using the energy representation method for various crystals [1].
In this study, glycine crystals were investigated. MD simulations were performed to examine
the adsorption of amino acids, including ASP, GLU, ALA, LEU, and LYS, onto the (010) and
(011) faces of glycine crystals, and the selective adsorption stability was evaluated using the
energy representation method. Fig. 1 shows the adsorption free energy (Apags) of additives on
the glycine crystal faces. The results indicate that all additives adsorb more strongly onto the
(011) face, consistent with experimental observations of crystal habit control by additives [2].
Keywords : MD simulation, crystal growth ; glycine
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faces of glycine

1) Tanaka, S., et al., Physical Chemistry B, 126(28), 5274-5290.
2) Poornachary, S. K., et al., Crystal growth &design, 7(2), 254-261
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