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Molecular dynamics analysis of the cosolvent effect on membrane properties (‘Faculty of
Engineering Science, Osaka University, *Graduate School of Engineering Science, Osaka
University) OYuuki Yamashita,' Ryo Okabe,” Kento Kasahara, > Nobuyuki Matubayasi >

The physical properties of lipid bilayers, such as polarity and fluidity, are closely related to
drug dynamics and cellular functions. Cosolvents such as alcohols significantly influence these
membrane properties by interacting with the membrane. The stability and integrity of bilayers
are influenced by the cosolvent concentration and chain length. On the other hand, the
molecular-level insights into the cosolvent effect still remain unclear. Here, we conducted the
molecular dynamics (MD) simulations for the 2-dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC) bilayers immersed in the different alcohol solutions. The local membrane thickness
exhibits a bimodal distribution under the ethanol concentration of 10 mM, reflecting the
undulation of the membrane. As the ethanol concentration increases, such an undulation is
found to be suppressed.

Keywords : Molecular Dynamics Simulation; Lipid bilayer, Alcohol; Cosolvent
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1) R.Rai, et al., Langmuir:, 40, 14057-14065 (2024).
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Computational study of environmental catalytic factors on the reaction mechanism of GHI11

Xylanase
('National Institute of Advanced Industrial Sczence and Technology (AIST), *Oak Rldge
National Laboratory (ORNL) ) OToyokazu Ishida,' Jerry M. Parks,” Jeremy C. Smith?

It is widely recognized that enzymatic activity is largely influenced by the environmental
factors, such as temperature and pH. However, the mechanistic details of these environmental
catalytic factors are not well understood. To clarify environmental factors on the biomass
degradation process, we have investigated the glycosylation step of GHI1 xylanase, an
enzyme that catalyzes the hydrolysis of lignocellulosic hemicellulose (xylan). Based on our
recently reported wild-type enzymatic reaction mechanism', we have calculated the free
energy profiles of the glycosylation step in different temperature states as well as in different
protonation states. Our QM/MM calculations clearly suggest that GH11 xylanase has a rather
robust catalytic potential for the external perturbation effect on the temperature and pH
changes, although the enzyme has its own optimal catalytic conditions.

Keywords : Enzymatic Reaction; Thermostable Enzyme; Glycoside Hydrolases; Xylanase;
OM/MM calculation
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1) T. Ishida, J. M. Parks, and J. C. Smith, J. Am. Chem. Soc. (2020), 142, 17966—17980.
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Molecular dynamics simulation and structural fluctuation analysis of taste receptor proteins
(‘Graduate School, Tokyo Woman's Christian University) OKie Araki,' Koji Ando!

The T1r family of taste receptor proteins are a class C G protein-coupled receptor that forms
two heterodimers, T1rl1-T1r3 and T1r2-T1r3. The former is known as a receptor for umami
substances and the latter for sweet substances. However, the process of their taste receptor
responses remains to be elucidated. In this study, we performed molecular dynamics
simulations of the structure of the medaka fish taste receptor protein T1r2a-T1r3" bound with
the ligand L-glutamine. Principal component analysis was performed on the trajectories, and
differences in conformational changes with and without the ligand were discussed based on
RMSF and free energy landscape.

In the case of ligand binding, the lower part of the T1r3 protein moved more significantly
than in the case of no ligand. PCA results showed a clear separation of the metastable states
without the ligand compared to the ligand-bound case.

Keywords : Molecular Dynamics Simulation, Taste Receptor, Principal Component Analysis
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1) Nuemket, N., Yasui, N., Kusakabe, Y. et al. Structural basis for perception of diverse
chemical substances by T1r taste receptors. Nat Commun 8, 15530 (2017).
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Theoretical study on changes in electronic structures by introduction of substituent groups into
open-shell fused-ring m-conjugated molecules involving azulene skeleton ('School of
Engineering Science, Osaka University, >Graduate School of Engineering Science, Osaka
University, 3QIQB, Osaka University, *ICS-OTRI, Osaka University, OTRI-Spin, Osaka
University) OYuta Matsumoto,' Kaichi Shimada,?> Ryohei Kishi,>** Kohei Tada,? Yasutaka
Kitagawa,?33

Recently, organic compounds that exhibit bistability have attracted attention in terms of
molecular device applications such as molecular switches and memristors. In such applications,
it is important to study not only the structures and properties of the main skeleton but also
changes in the structures and properties due to the introduction of substituents. In this study,
we have investigated the effect of introducing substituents on the structure and electronic state
of various open-shell fused-ring n-conjugated molecular systems including azulene skeleton,
which may exhibit bistability, based on quantum chemical calculations.

Keywords : Open-shell molecular systems,; Electronic structure; Quantum chemical
calculation; Substituent effects
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Fig. 1. Resonance structure of bis-periazulene (1) and its tri-substituted derivative.

1) K. Horii et al., J. Am. Chem. Soc. 2022, 144, 3370.
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Development of an Adsorption Energy Prediction Model for CO; Reduction on Electrocatalysts,
Considering the Versatility for New Metal Elements.('School of Science and Technology, Meiji
University) Olssa Onishi,' Hiromasa Kaneko'

Electrocatalytic carbon dioxide reduction offers significant environmental and energy benefits
by converting atmospheric CO; into a valuable resource, yet its activity is lower than hydrogen
and oxygen evolution reactions. This study focuses on the adsorption energy of reaction
intermediates as a key factor influencing CO; reduction activity. A machine Learning model,
y=f(x), was developed to relate elemental information (x) on alloy catalyst surfaces to the
adsorption energy (y) of reaction intermediates. We discussed to improve prediction accuracy
of the model for new metal elements, enhancing its applicability to diverse catalysts.
Keywords : Machine Learning, Electrocatalysts; Alloy; Adsorption Energy, Carbon Dioxide
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1) Data-driven discovery of electrocatalysts for CO2 reduction using active motifs-based
machine learning, D. H. Mok, H. Li, G. Zhang, C. Lee, K. Jiang, S. Back, Nat. Commun.
2023, 14, 7303.
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Prediction of density of states for multinary nanoalloy by gradient boosting decision tree
(‘Research Initiative for Supra-Materials, Shinshu University) O Yusuke Nanba,' Michihisa
Koyama'

From the perspective of electronic structure, density of states (DOS) was used to discuss the
variation of catalytic activity by alloying. It was reported that the nanoalloy exhibited properties
close to those of mono-metal nanoparticles (NPs) when the DOS of the nanoalloy resembled
that of mono-metal NP. " However, searching for configurations that reproduce the desired
DOS required enormous computational resources for derivation using first-principles
calculations. In this study, we attempted to predict the DOS of IrPdPtRhRu quinary nanoalloys
by gradient boosting decision tree (GBDT) such as lightGBM and XGBoost with the descriptor
of SOAP.? To save the resources, DOS of binary nanoalloys were used for training set. DOS
of quinary nanoalloys predicted by GBDT with SOAP matches that calculated by DFT (Fig. 1).
Cutoff radius dependence of SOAP indicates that neighboring of the adjacent atom to object
atom affects DOS largely.

Keywords : Nanoalloy; Density functional theory;, Machine learning;, DOS
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1) A. Yang, et al., Appl. Chem. Lett. 2014, 105, 153109. 2) A. P. Bartok et al., Phys. Rev. B 2013, 87,
184115.
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Novel mechanism of strengthening adhesion bonding via acid-base interaction with a tiny
amount of water: simulation from electron level (‘Nagoya Institute of Technology, *Chiba
University, *Kobe Steel, Ltd.) oShuji Ogata,' Kunpei Kobori,” Takayuki Miyamae,” Shintaro
Yamamoto®

Adhesion bonding of dissimilar materials has recently attracted much attention. Amine-cured
epoxy resins are widely used as adhesives, however, they have the problem of gradually losing
adhesive strength in wet environments. Recent experiment showed that surface treatment with
a silane compound [ 1,2-Bis(triethoxysilyl)ethane (BTSE)] that contains no reactive functional
groups significantly improves durability of the adhesion strength between the epoxy resin and
aluminum substrate [1]. Present DFT calculations found that the adhesive is due to the acid-
base interaction between the OH group of the compound produced through hydration and the
amino group of the resin, and that the adhesive strength increases between the H" of the OH
group and the amino group when a tiny amount of H>O molecules exist near the contact area.
Microscopic mechanism of the H>O-induced adhesion strengthening was elucidated through
DFT-based protonation free-energy calculation results [2].

Keywords : Adhesion; Water; Aluminum, Epoxy; Silane Compound
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[1]Y. Takahashi, S. Yamamoto et al., Kobe Steel Eng. Rep. 2023, 72, 130.
[2] S. Ogata and M. Uranagase, J. Phys. Chem. B 2023, 127, 2629.
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