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Hierarchical Bayesian Statistical Analysis of Polyimide Particle Size Data with Missing Values
('Osaka Research Institute of Industrial Science and Technology) O Takuya Ehiro,! Akiko
Nakahashi!

Aromatic polyimides (PI) exhibit high mechanical strength and heat resistance due to their
rigid main chain, but this comes at the cost of poor processability. In this study, we confirmed
that PI particles synthesized through precipitation polymerization changed from spherical to
ellipsoidal shape and increased in size simply by stirring them in an organic solvent (Figure 1).
Different particle size distributions were observed when varying processing conditions such as
solvent type and processing time. To estimate the influence of processing conditions on particle
size changes, a hierarchical Bayesian model was applied to the PI particle size data. In this
model, the long and short diameters were represented using a two-dimensional Normal
distribution, assuming that the means of long and short diameters change linearly with
processing conditions. As both diameters were expected to change through a similar
mechanism, correlations were assumed between their regression coefficients. This model
worked even with incomplete data where short diameter data were intentionally omitted,
yielding similar results to those obtained from complete data.

Keywords : Polyimide,; Hierarchical Bayesian model; Missing data analysis
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Exploration of ammonia synthesis catalysts using machine learning force fields

(!Toyota Motor Corporation, *Intelligent Vision & Image Systems)
OMichiharu Nakano!, Ryosuke Ohashi2, Hisao Kato!, Makoto Saito!

Towards a carbon-neutral society, there is a growing expectation for the
development of catalysts that can synthesize ammonia from carbon dioxide under
ambient temperature and pressure. The evaluation of catalyst activity has often been
conducted using DFT calculations; however, this type of calculations is high cost, and
it is one of the challenges in the search for promising materials.

Therefore, this study investigates rapid screening through prediction using machine
learning. The reaction energy diagrams, which serve as the objective variables, are
calculated using a machine learning force field. The density of states (DOS) profiles
obtained from DFT calculations are used as explanatory variables. The study
discusses the focused reaction pathways, the details of the calculation methods, and
the correlation between the DOS obtained from regression and reaction activity.
Keywords : carbon-neutral, Ammonia Synthesis, Catalyst, Machine Learning Force
Fields, Reaction Cycle
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1) Enabling electrochemical reduction of nitrogen to ammonia at ambient conditions through rational
catalyst design. Younes Abghoui. et al., Phys. Chem. Chem. Phys. 2015, 17, 4909-4918.
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Multitask Machine Learning Prediction of Chemical Resistance of Resin Materials in Semiconductor Cleaning
Equipment (\SCREEN Holdings. Co. Ltd., ’Research Institute of Systems Planning. Inc., *The Institute of Statistical
Mathematics) OMitsuru Yambe,! Hiromori Murashima,! Shogo Kunieda,' Takeru Nakamura,' Yosuke Hanawa,'
Hitoshi Kamijima,? Toshiaki Shintani,> Takuma Mitamura,’ Yoshihiro Hayashi,? Ryo Yoshida®

In semiconductor cleaning equipment, resin materials such as piping are constantly in
contact with solvent, and therefore, testing for chemical resistance of the resin is necessary.
However, testing for long-term chemical resistance requires significant time and cost.
Therefore, this study aims to predict the chemical resistance lifespan of resin against solvents.
As a preliminary step, we developed a machine learning model to distinguish between good
and poor chemical resistance. A neural network was used as the machine learning model, and
we evaluated a multi-task learning structure”, which simultaneously predict other physical
properties. The main task was to distinguish between good and poor chemical resistance, and
subtask was the regression of the another physical property. Chemical resistance was evaluated
using a total of 3,130 pairs consisting of 39 types of resin materials and 220 types of solvents,
and 3,844 simulated data points for the subtask’s physical property. The average F1 Score for
all resins was 0.625 when only the main task was used and was 0.638 when the subtask was
added, confirming the improvement in accuracy through multi-task learning.

Keywords : Resin Materials; Organic Solvent; Chemical Resistance; Machine Learning

N RS T, BB 2 OBHIEM BN SRR 2N REBER T 5 7= 6, 1R O &
REAME L7205, LL, BRI OMEEM: 2R3 2 23R & 2 2 R0 5,
& ZCARMETIE, Wk A I OEE M 2 T 5 Z &2 BT, £ ORI
Bl LT, MM BAF - REZHBIT D8 FE T VEER LTz, S E7 1
ELTC=a—I Ry NU—T ZEH L, OWHE S R 5~ 1 TF &2 27
FEORE VARG L, MO R - REOHBZ A AL 227 L L, BlOYE
Eomlgz Y72 27 & Ulz, MERMIIEIEHEE 39 FiEE & Mt 220 N L7255
H3B0XTEFEHL, VT X R OYMEIL 3,844 T—H DY I 2L — g VEE
R L7, iﬁﬂawﬁfj F1 Score IE. AA 2% A7 DHOEEIL 0.625. 77 AY
A T25E130.638 £ 720, ~ /L F X R 7R HREEON ERHER Sz,

Metrics of single task and Multitask

Single task Multitask
F1 Score 0.625+0.006 0.638+0.004
AUC 0.802+0.003 0.814+0.002

1) Multitask Machine Learning to Predict Polymer—Solvent Miscibility Using Flory—Huggins
Interaction Parameters. Yuta Aoki, Stephen Wu, Teruki Tsurimoto, Yoshihiro Hayashi, Shunya
Minami, Okubo Tadamichi, Kazuya Shiratori, Ryo Yoshida, Macromolecules 2023, 56, 5446—5456
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Development of a Machine Learning Model to Predict the Absorption Maxima of BODIPYs Using
Molecular Descriptors (!Graduate School of Science, Chiba University) OYuuya Inou,! Masamichi

Yasui,! Takayoshi Arai'

Because of their excellent optical properties, BODIPY dyes are applied in various fields of
bioimaging, photocatalyst and OLED. Especially, toward the development of BODIPYs exhibiting
long wavelength absorption, it is important to predict the physical properties of the candidates. For
this purpose, quantum chemical calculations including DFT methods, have been used to estimate their
properties, but they require a large amount of computational resources. To overcome the problem, we
constructed a machine learning model to predict the maximum absorption wavelengths of BODIPY's
from molecular descriptors generated only with SMILES. In addition, we synthesized BODIPY dyes
and measured their absorption spectra to prove the applicability domain of our model.

Keywords: materials informatics; machine learning; BODIPY; SMILES; molecular descriptors
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1) A. Schiiller, G. B. Goh, H. Kim, J.-S. Lee, Y.-T. Chang, Mol. Inf. 2010, 29, 717.
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Sim2Real transfer learning for catalyst activity prediction *NEC Corporation, 2AIST, Nagoya
University) O Yuta Yahagi'?, Kiichi Obuchi!?, Fumihiko Kosaka?, Kota Matsui®

Catalyst informatics has received increasing attention as a promising approach to accelerate
catalyst development. The main bottleneck is the scarcity of experimental data. In this work,
we proposed an efficient machine learning method based on the transfer learning from abundant
first-principles data.

As a proof-of-concept, we predict the activation energy of the reverse water-gas shift
reaction by using the experimental [1] and computational dataset [2]. The prediction model is
first pretrained by the computational data, then trained by the experimental data. Figure 1 shows
the prediction accuracy, indicating that the pretrained models achieved a significantly high
accuracy compatible with a full scratch model with more than 70 target data. Therefore, this
method leverages the high prediction performance with few experimental data.

Keywords : Catalyst; Informatics; Machine learning; First-principles; Reverse water-gas shift
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Figure 1. Prediction accuracy of activation
energy measured by the test root mean
squared error as a function of the size of
used experimental data. The blue dashed
line represents the full-scratch model, the
red solid line the transfer-learning,
respectively.

1) L. Chanussot, et al., ACS Catal. 11, 6059-6072 (2021).
2) G.Wang, et al., Nat. Commun. 14, 5861 (2023).
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Application of fragmentation method to versatile atomistic simulator Matlantis for large-scale
systems (' Department of Chemistry and Biochemistry, Graduate School of Advanced Science
and Engineering, Waseda University, *Waseda Research Institute for Science and Engineering,
Waseda University, *ENEOS Corporation) O Rei Oshima,! Mikito Fujinami,> Yuya
Nakajima,® Hiromi Nakai'?

Matlantis™ is a versatile atomic-level simulator using a neural network potential trained on
density functional theory (DFT) calculations, achieving DFT-level accuracy efficiently.
However, its application to large-scale systems is limited due to restrictions on the number of
atoms. This study extends Matlantis to large-scale systems by employing a fragment-based
approach, approximating total energy using an expansion formula based on fragment
interactions. Comparison with bulk systems confirms the validity of the proposed method.
Keywords : Fragmentation method, Matlantis; Neural network potential
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[1] S.EITakamotc')T, et al., Nat. Comtmun 13, 29; (2022). [2] Matlantﬁttps://matlantis.com/), the number of atoms and

software as a service style material discovery tool. [3] D. Hankins; J. W. Moskowitz; F. H. deviation from PBC energy.
Stillinger, J. Chem. Phys. 53, 4544 (1970).
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Confidentiality Verlﬁcatlon for Application of Data Assimilation Methods to Physical Data

Sharing ('NAIST, *NAIST DSC, ’NAIST CMP) O Shinnosuke Eto,' Yosuke Harashima,'?
Tomoaki Takayama,'? Shogo Takasuka,' Mikiya Fujii'->?

Data-driven materials development is an essential part of developing materials that solve a
variety of societal problems. It requires the sufficient number and quality of data sets to train
machine learning models. In contrast, data is dispersed throughout each company, each
laboratory, and each organization. If these data can be integrated and trained, it is expected that
a machine learning model with sufficient accuracy can be obtained. In a previous study, it was
reported that assimilating a small number of experimental data with calculated data improves
prediction accuracy, and this technique can be applied to integrate distributed data. In order to
actually integrate data, it is necessary to ensure the confidentiality of the data.

In this study, the confidentiality of data exchanged between organizations when data
assimilation methods are applied to data integration was verified using differential privacy. In
this verification, differential privacy was used to quantify the difficulty of discriminating the
presence of certain data in the data set. The results will be reported in the presentation.
Keywords : Data assimilation, Federated Learning, Differential Privacy, Materials Informatics
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1) Covariance Linkage Assimilation method for Unobserved Data Exploration. Yosuke Harashima, et
al. (2024). arXiv preprint arXiv:2408.08539v1.

2) [ERTTAN—IZXL D7 = VABOIARD [%]] , Tsubasa Takahashi, LINE Developers,
April 25, 2023
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Construction of an Interpretable Data Assimilation Framework for Predicting Band Gaps in
Perovskite Photocatalyst Compounds (‘Nara Institute of Science and Technology, >DSC, Nara
Institute of Science and Technology, * CMP, Nara Institute of Science and Technology, “ENEOS
Corporation) (O Shuan Shlnkawa Yosuke Harashima,'? Shogo Takasuka,' Tomoaki
Takayama,'? Hiroki Kotaka,* Hiroki Iriguchi,* Mikiya F uJ111 23

==
E%

In design of visible-light-responsive photocatalysts for water splitting, predicting band gaps
using machine learning is a promising approach to facilitate efficient exploration. In the
machine learning, big data are necessary for training, while it is often difficult to collect the
sufficient number of experimental data. Instead, the first-principles calculation data can be
helpful, but the band gap tends to be underestimated compared to experimental results.
Previous studies have proposed improving predictions by assimilating first-principles
calculation data with experimental data, achieving enhanced accuracy. Nevertheless, reduction
of high-dimensional features, representation of nonlinearity, and interpretation of predictive
results.

This study aims to narrow the band gap of photocatalysts by employing symbolic regression
to reduce high-dimensional features while maintaining interpretability and enabling nonlinear
representations. In this presentation, we will discuss the physical insights obtained through
feature reduction via symbolic regression and demonstrate the interpretability and potential of
the data assimilation method for materials design. Keywords : Materials Informatics, Machine
Learning, Photocatalysis, Data Assimilation, Symbolic Regression

IR RS AR D PR CIS BN T 7o B G T B 2 W RE vy » 70
TRAEHTHY | BREOD= M LA STV D, MRS TIIREDOEE T —
HPWBRTEN | FRT — 213D WGE B2, RV ICE—FELEET — 2 OFIH
INBZHAVDHD, ERIE LV b/ Nl S 5 BB B 5 f_&);@%ﬁﬁ@${ﬁ' R EE IR
72> TLEI, BATETIE - HEHET — 2 2 ERT — 2 ZfbsE52 LT
TR E S FEERM LS D Z LM REINTNDN Y, */ﬁtm:%{ﬁi@ﬁﬂﬁi
HAIG IR DORIL, £ L T T HREROMBRDEE Ly & 5 I S 5, ABFFET
DN R v v TOWAE e AfE L L, R Y v 7 [l 2 15 Lf:‘.%?kﬁf%
BEDOHIB ATV RN 2 /s L O OIERIER BN W RER T — Z AL FIE 2 L
Too ERTIE. YR Y v 7 BIRIC KD REENE) 5 6N MBS & | /K
FAEORIRATREMIZ DWW T T 5.

1) Y. Harashima, T. Miyake, R. Baba, T. Takayama, S. Takasuka, Y. Shigeta, Y. Yamaguchi, A. Kudo and

M. Fujii, Covariance Linkage Assimilation Method for Unobserved Data Exploration. arXiv. 2024,
arXiv:2408.08539.
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Crystal structure prediction of organic molecules using generalized scaled hypersphere search
method focusing on packing fraction (' Graduate School of Systems Engineering, Wakayama
University,* Faculty of Systems Engineering, Wakayama University) O Yoshiki Ueda,' Takuto
Oki,! Yuuki Midoro,' Hideo Yamakado'*

In crystal structure prediction, it is important to quickly find an initial structure for structural
refinement using quantum chemical calculations. Although the Scaled Hypersphere Search
method is a useful method, the quantum chemical calculations required to construct the
potential energy surface are computationally expensive and a full search takes time. Therefore,
we focused on the fact that in the nature, atoms and molecules are often arranged in such a way
that the crystal packing fraction is high. We attempted to search for initial structure candidates
at highspeed using the Generalized Scaled Hypersphere Search (GSHS) method by using the
packing fraction as the objective function used in the search. This time, we searched for 2
ethanol molecules/unit of the organic molecule.

Keywords : crystal structure prediction; packing fraction, Scaled Hypersphere Search method

fEe A E TR B W CRHEFFEIC X 2SR B L o0 2 B R L
THRIIEETHD, MEREERIE NIARARFIETHLIN, ATy v VZRLF—
[ DIEEED 7= DI EE e B AL R RITH R 2 2 b 3@ < & ERR ISR 205,
Z 2T, BRRA TSRO THEENEL 72D L0 IR0 BRSNS N D 5501 %
WHIZE H L, R ZERICH W 5 HRBIEIC 3 5 5 CHI I & M & — L Bk
HPRIRIE(GSHS )T KV Ml CHER T 2 FARH T D Y,

SENIABES T DT & ) —)b 2 55 Fluniteell IR W TR 21T o7, L IIR=Z
2 —IZTHET D,

1) K. Ohno and S. Maeda, Chem. Phys. Lett. 2004, 384,
277-282.

2) KEA—, REAAN, ATHHA, o Fma,
1E15 (2010); K. Ohno, Chem. Rec. 2016, 16, 2198-
2218.

3) Y. Midoro, T. Oki, Y. Kodaya and H. Yamakado,
Chem. Lett. 2021, Vo0l.50, No.8, 1559-1561.

Fig.1 Results of ethanol search by using
GSHS method
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Scaled Schrodinger equation, ESF and SAC-CI comblned theory: Application (Quantum
Chemlstry Research Institute) O Yusaku Kurokawa," Hiroyuki Nakashima,' Hiroshi
Nakatsuji,*

The exact and useful theory that combines the three theories, i.e., the free complement (FC)
theory based on the scaled Schrddinger equation [1], the electrostatic force (ESF) theory [2],
and the SAC/SAC-CI theory [3], was proposed by Nakatsuji. We here apply this theory to the
ground and excited states of H,CO molecule. In this method, we started with the minimal
STO’s with the Slater’s rule, augmented with the force and Rydberg bases Then, the wave
functions were improved with the FC theory using the g functions, gix=1- exp(-0.3 r). Then
we performed the SAC/SAC-CI calculations to obtain the ground and excited states of the
molecule (Table 1). In this formalism, we can utilize not only the energetic concept, but also
the force concept of the ESF theory that is more intuitive than the energic one. The force is a
vector acting on H, C, and O nuclei, while the energy is a single number.

Keywords . Scaled Schrédinger equation; Electrostatic force theory; SAC/SAC-CI

Vo b—T 4 B — RO IEME 7 7 %35 < scaled Schrodinger equation (25 < H

58 B B9%(FC)Bl&m [1]. exact concept T % 775 J1(ESF) B [2]. SAC/SAC-CI #
[B]1D 3 HEmIFHEORENLHER THY . ZNEREET 20 A2 ESER LI
J: DIER SN, AR TIEZ OEA R % H,CO 43 I A L, Table 1 OfER %

Blee ETHHBEEE LT 1 o STO AV, ZHUsE sy FEE(force BI%K) &
Rydberg B2 Nz 7z, & 512 g B gin=1- exp(-0.3 1) HAK SIS FC B =
0,1,2)% /i 2. SAC/ISAC-CI % %47~ 7-(Table 1), force & Rydberg BI%tiZi1% g B%uZ

TEHSE TV, HHIEFE=T

Table 1. The excitation energy (eV) of H,CO calculated >, ,, 5 P ZAT |
by the FC/SAC-CI method with the force functions. TR IR PERIEORHTIC

A EER R )ROE T

State n=0 n=1 n=2 Exptl. \7 k. BREATIZ T b H
1'A, 3878 3885  4.043 379,41 7.

1'B, 6411 6182 6818  7.091,7.13

2'A;  7.309 7.078  7.768 8.14, 8.15 [1] H. Nakatsuji, Phys. Rev.
2'B, 7.237 6981 7649 800,814 Lett 93,030403 (2004).

21A2 7,530 7.289 7.953 8.37 [2] H. Nakatsuji, J. Am. Chem.
1'B, 8557 8299  9.349 9.0 Soc., 95(2), 345 (1973)

3B, 8292 8044 868l 888892 L3 H- Nakatsuji, Chem. Phys.
"B, 0263 9264 8947 Lett., 59, 362 (1978); ibid, 67,

329, 334 (1979)

1

31A1 8882 8578  9.055 903,907 [\ K Ohta and
4'B, 8735 8468  9.170

1 K. Hirao, J. Chem. Phys., 75,
A, 9.088 8.818 9.349 9.22 2052 (1981)
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Utilization of Automated Reactor System and Information Science to Improve the Efficiency
of Organic Synthesis ('SCRI) OKazushi Hayashi,' Takuya Yamagata,' Munenori Inoue'

In organic synthesis, the search and optimization of reaction conditions is essential to create
excellent functional materials. Conventionally, this process has been done by trial and error,
relying on literature, expertise, and intuition, and requiring a great deal of time and effort. In
recent years, with the increasing demand for more efficient research and development, the
development of information science and mechanization technology has led to the digitalization
and automation of experiments and the introduction of materials informatics, even in organic
synthesis.

Against this background, we have recently installed an automated reactor system and are
building the foundation to promote laboratory automation (SalLA: Sagami Laboratory
Automation system) centered on the automated reactor system. In this presentation, we will
report on the construction of a system (shown in the figure) that directly connects the automated
reactor system and analyzers to automate the processes from synthesis to acquisition of
analytical results. Additionally, we will report on the linkage with machine learning and efforts
toward a closed loop, in which the reaction/analysis/machine learning process is repeated
autonomously.

Keywords : Automated Synthesis,; Organic Synthesis; Information Science; Machine Learning;
Robot

ARG RIZI WD T, BUSSRIFRBER B LI LB T RE A B 2 B 3 2 DI A ]
RToHD, TAVE TIICHRIGH & FIER A © &2, BRI D 2208 bl ThEaR
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MEE D, HFEREE B LB OB AESRICBWTHIEROT U4
JMERBENME, S HIIE~YT VT NAAL 7 43T 4 7 AEAOB) & BEF(L L TE
TV,

2O XD It b YHERT Tl E@J/\EE 75:%7\ L\ _ﬂ%i‘*k L7-H
&) {b #F 4% (SaLA: Sagami Laboratory == )
Automation system) Z #EfE T < | Z D HL
MREE 21T > T D, AFEERTIL, BE)
BREEE & T E A B L CE
B B oA RS £ T2 BEMLT 2
VAT L) ORI OW TG T
Do Flo, B L O, KIS/
Hr /738 o TR % BRI HuR 38
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Vibronic Structure and Vibronic Coupling Density Analysis in Absorption and Emission
Spectra (Fukui Institute for Fundamental Chemistry, Kyoto University, *MOLFEX, Inc.)
OTohru Sato,! Motoyuki Uejima?

The progressions observed in absorption/emission spectral line shapes are caused by the
vibronic coupling, which is the interaction between the electronic and vibrational states?. The
magnitude of the vibronic coupling constant can be understood by analyzing the vibronic
coupling density, which is defined as the product of the electron density difference between the
electronic states and the potential derivative determined from the vibrational mode?. In this
study, we calculated the absorption and fluorescence spectra using rubrene as an example, and
performed vibronic interaction density analysis for the vibrational modes that make a large
contribution to the spectral lines of each spectrum.

When complicated vibronic progressions are observed, the spectral lines can be used as
“fingerprints” for comparison with calculations using this method, making it possible to more
reliably assign the spectra and even control the spectral shape.

Keywords : Absorption; Emission; Spectral Line Shape, Vibronic Coupling,; Progression

WAL/ FEN AR T MV D AT MIVIIBIZ A OGS 7 r 7 Ly va ik, EREE
CIEENRE L OO EEATH A IREBIHAIERIZEI VAT S Y, IREMAIEHEE
ODjt%é X, EBEFIREBOEBEFEELIREIT— RO EEDLRT ¥ v /VEREK O

FKINDIREHAENERBEEMRITICLVIRET L2 NTE DD, KL TIINT
I//%’:fﬂ?: LTINS L NEE AT MV IZFHE L, ZNEND AT FIVERZIC
KX 725 5% AIRET — RICHOWTIEEM A AERZ BT 21T - 7=,

BMERIEE 0 7 Ly a UNBIIISN TS & & ATFIEICL DR LT 2
LT, FDART FVRIEE RO E L THWA Z N TE, K0 ERIRENA
RECH D, ILITIEARY MABIROHIEG ATREE 725,

1) Y. Shigemitsu, M. Uejima, T. Sato, K. Tanaka, Y. Tominaga, J. Phys. Chem. 4, 2012, 116, 9100.

2) T. Kato, N. Haruta, and T. Sato, Vibronic Coupling Density: Understanding Molecular Deformation
(Springer, 2021).

3) L. Ma et al., Phys. Chem. Chem. Phys., 2012, 14, 8307.
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Density Functional Theory Study of Catechol Polymer Adhesion
onto y~Alumina (110) Surfaces

(*Center for Polymer Interface and Molecular Adhesion Science, *Institute for Materials
Chemistry and Engineering, International Institute for Carbon-Neutral Energy Research,
*Department of Applied Chemistry, Kyushu University, *Department of Chemical Science
and Engineering, School of Materials and Chemical Technology, Institute of Science Tokyo,
8Fukui Institute for Fundamental Chemistry, Kyoto University)

OAmit Shrestha,'! Ken Kojio,"** Yoshihito Shiota,? Satoru Yamamoto,' Keiji Tanaka,'*
Kotaro Satoh,’ and Kazunari Yoshizawa'-

Keywords: Adhesion; Alumina surface; Catechol; Density Functional Theory; Orbital

interaction

Understanding the adhesion mussel’s adhesion mechanism is vital for developing
advanced moisture-resistant bioadhesives. Mussels adhere strongly to various surfaces in
aqueous environments due to adhesive proteins like mfp-3 and mfp-5, enriched with
catecholic amino acid 3,4-dihydroxy-L-phenylalanine (DOPA).! The catechol group in
DOPA, with two benzene rings and ortho hydroxy groups, enhances adhesion to both
hydrophobic and hydrophilic surfaces. Hence, the adhesion mechanism of catechol dimer to
dehydroxylated and hydroxylated y-alumina (110) surfaces was investigated using periodic
density functional theory calculations. Catechol dimer is modeled after the experimentally
synthesized poly(vinyl catechol), as shown in Figure, which mimics the catechol side of
DOPAZ.

The results showed stronger adhesive force on dehydroxylated j-alumina (110)
surface than on hydroxylated surface. Crystal Hamilton orbital population (COHP) analysis
confirmed robust hydrogen bonding, with integrated COHP (IpCOHP) values of 1.58 eV for
dehydroxylated and 1.92 eV for hydroxylated surfaces. The energy of optimized adhesion
interfaces was calculated by removing hydrogen atoms from the catechol dimer’s hydroxy
groups and observing chemisorption on j-alumina (110) surfaces. The energy profile
showed that the structure retaining hydroxy groups and maintain the hydrogen bonds are
more stable than those with hydrogen removal, resulting to the formation of water, surface
hydroxo ligand, molecular hydrogen, and coordination chemisorption.

Elz CH 82 CH3
3
@ S e
.

OH H H

Catechol

1) J. Yu, Nat. Chem. Biol. 2011, 7, 588. 2) H. Takeshima, Macromol. 2017, 50, 4206.

© The Chemical Society of Japan - [PA]-2am-13 -



[PA]-2am-14 BALE4 E1055FE4 (2025)

7237Za1—3)bxy bT—2I12& % Semi-Structured T—4% &
AL=ET Al

CRUHRASAE YD) O%git 55 - BR] Rt ! - Jbkm sk !
Material Property Prediction with Graph Neural Networks on Semi-Structured Data
(‘Toray Industries, Inc.), OTakuma Kikutsuji,! Daichi Miri,' Masahiro Kitabata?

Semi-structured datasets are common in chemical databases and electronic lab notebooks, but
their inconsistent structure poses a challenge to materials informatics. In response, a study has
proposed property prediction methods using Graph Neural Networks (GNNs)". We evaluated
preprocessing methods and prediction techniques for semi-structured data. Using synthetic
compound data and real property data, we compared predictions by GNNs after converting
them into graph-structured data with those by Neural Networks (NNs) and Gradient Boosting
Decision Trees (XGBoost) on the same data converted into structured formats. We found that
GNNs s had less overfitting and higher prediction accuracy than NNs and XGBoost.

Keywords : Materials Informatics, Graph Neural Network, Semi-Structured Data, Database,

Electronic Laboratory Notebook
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1) Hatakeyama-Sato, K., Oyaizu, K. Commun Mater. 1, 49 (2020).
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Analysis of Structure and Dynamics of Protein-Nanodisc Complexes Using Molecular
Dynamics Simulations ('Tokyo Univ. of Science) OSara Inoue,! Takaharu Mori!

Nanodiscs (NDs), which mimic the lipid bilayer environment, are widely used for analyzing
the structure and function of membrane proteins. In recent years, analyses of membrane
protein-ND complexes using high-speed atomic force microscopy (HS-AFM) have been
conducted as a method for investigating the dynamics of membrane proteins”. However, during
HS-AFM experiments, mechanical stimulation caused by the scanning of the sample surface
using a cantilever can deform the ND, potentially leading to the leakage of lipid molecules
from the ND. This study aimed to elucidate the structural impact on membrane proteins when
lipid molecules leak from the ND. To achieve this, molecular dynamics (MD) simulations were
performed on both membrane protein-ND complexes and NDs alone, with reduced ND lipid
filling rates. The protein-conducting channel SecYEG was selected as the model membrane
protein for analysis. The simulation results showed that as the lipid filling rate decreased, ND
deformation increased. No significant changes were observed in the root-mean-square
deviation (RMSD) of SecYEG. These findings suggest that ND deformation caused by lipid
leakage has a limited impact on the structure and function of SecYEG.

Keywords : Molecular Dynamics, Nanodisc, Membrane Protein

F /774 A7 (ND) 1 IIEE HEBEREZEMT 52 Lnb | Y 7 EOREES
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ZRAWCHREIERmZ ERT D700, BT ND 2 £ S8, JEES T2 ND b
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D EFTES X7 END AR XL OYND R4y 81 715 (MD) #5542 i L
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Fig.1 Result of MD for NDs alone and Membrane protein-ND complexes
(a) NDs alone with 100% POPE/POPG (b) NDs alone with 50% POPE/POPG
(¢) Membrane protein-ND complexes with 100% POPE/POPG (d) Membrane protein-ND complexes with 50% POPE/POPG

1) T. Haruyama, et al, Structure, 27, 152—160 (2019).
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Molecular dynamics simulations of antagonist blndlng to the human histamine receptor H;R
('Faculty of Advanced Engineering, Tokyo University of Science) OMorihiro Iwata', Hiroto
Nishiwaki!, Tsubasa Ito!, Tadashi Ando', Mitsunori Shiroishi!

Histamine receptors, which belong to the G protein-coupled receptor (GPCR), play a critical
role in regulating neurotransmitters, including histamine, in the central nervous system and
serve as drug targets for various diseases. In this study, we analyzed the binding process of
human histamine receptor H;R with an antagonist PF-03654746 using Gaussian accelerated
molecular dynamics (GaMD) simulations. Starting with five antagonists in the aqueous phase,
1 pus GaMD simulations were performed for ten times. In five of these ten simulations, the
antagonists bound to its binding site. Our simulations revealed that three residues, Y189, F193,
and Y394, located at the top of the binding site worked as a gate. The antagonist entered the
binding site when the residues adopted an open conformation.

Keywords: Molecular Dynamics; Histamine Receptor; GPCR

G X o\ AR RIRO—FETH D A X I U RIRIT, FHAHRRIZBWTE
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HEAEZ 10 T2 2 A SEIOHETT % T=A b2 HiR OFEEH A MZIE
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\ZHFAET 5 Y189, F193, Y394 @ 3 DDFRIEN 7 — Fo%#E|Z LT Y, open Mt
L olBRIZT 2 =X B HR ONEBITRATHZ BRI LN E -7 (T,

Y189 (yellow), F193 (orange), and Y394 (red) residues located over the binding site work as
a gate for the ligand binding. Closed (left) and open (right) states are shown.
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Assessment of RNA force fields in molecular dynamics simulations with implicit solvent model
('Graduate School of Advanced Engineering, Tokyo Univ. of Science) OMaika Ikeda', Yugo
Hatano', Tadashi Ando!

RNA molecules are involved in various biological processes. Their three-dimensional structures
and dynamics are as complex as those of proteins, which are essential for understanding their
biological functions. Molecular dynamics (MD) simulations are a powerful tool for analyzing
conformational stability and dynamics of macromolecules at the atomic level. However, the
reliability of the simulation results strongly depends on the force field and solvent model. In the
present study, we performed MD simulations in the generalized Born implicit solvent
environment with AMBER OL3 and Shaw force fields for RNA, as well as AMBER OL3-HR
and Shaw-HR to evaluate accuracy of these force fields, where the latter two force fields were
adjusted for the interaction between CH:--O atoms (HR correction) as proposed by Reguette et
al. A 14-base RNA forming a stem-loop was used as a simulation model. While MD simulations
with the Shaw-HR showed folding to the native state from extended states most frequently, the
OL3-HR force field gave the lowest RMSD of the loop region in the folded state.

Keywords : Molecular Dynamics, RNA, Force Field, Implicit Solvent Model
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ZEVHLNTWD, £ 2 TARBFETIL, —bA N U REEET VAR LT o 18
NHFEIalb—v a3 iZBiF5H,. AMBER OL3 & Shaw @D 2 oD 1135, BXW, =<
NDFIHTx L Reguette H23EZ L7= CH---O JR M OMAEMEHOF%E (HR #iE) %
i L7~ AMBER OL3-HR & Shaw-HR O 4 ->® RNA 13 OKEEE 2 34l L 7=, EF 45 F
IZIZAT DV —TFHIERRT D 14 HiH D RNA W=, BEEENOLDO I 21— g
> ClE Shaw-HR /13503 b BAEE & < RERIRIEIZIT W B £ -T2 b 00, $rh BATIREE
TOL—7¥453D RMSD 1% OL3-HR 713303 fx HARVME AR LT=,

B IRKEYE OL3  Shaw OL3-HR Shaw-HR

BT D RNA AT LL— 7 OREFEREE . BL OISR,
HNRAT AHElE, FAN— T ERE R T,
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Protein-peptide bindings studied by molecular dynamics simulations with implicit solvent
model (Graduate School of Advanced Engineering, Tokyo Univ. of Science) O Kazuki
Matsumoto, Naoya Ashikaga, Yun Guan Kang, Tadashi Ando

Prediction of protein-peptide complexes at the atomic level is important not only for biology
but also for designing peptide-based drugs. In this study, we evaluated the prediction accuracy
of current molecular dynamics simulations with AMBER force field and the generalized Born
implicit solvent model using ten model protein-peptide complexes, including a cyclic peptide.
Two simulation conditions were conducted: A) 300 K without restraint and B) 350 K with
positional restraint of protein Ca atoms. Cluster analysis of the sampled structures revealed that
one and four complex models had an average RMSD of less than 4 A within the top five clusters
for the conditions A and B, respectively. In the condition A, some proteins slightly unfolded
during the 1 ps simulations. We will employ other force fields or modify the force field
parameters to improve the prediction accuracy in future studies.

Keywords: Molecular dynamics, Protein,; Peptide,; Binding simulation

B NI E ERT T ROFEE ZRA LUV OREEE CTRIT 2 80X, A5 E
BRI TCIER, XTTF FEELOT VA A HISHBRIRG IS, AW Tl
1 DOBIRST T REETe 10 HD X X7 E-XTTF NEEIKETET VL L AMBER
TG — bR R T AV E W FEN I I 2 b—va U TERIEE
IR Z PRI TE 200 % MGE LT, FHESMIX. A) IREE 300 K THIRZ L, B)
IEE 350K TH NI HED CalfFafR, O254F& Lz, ¥Iab—v 3 TH
YTV T INTREEICONWT Y FRY— RN EATO &L LS DD T AZ—DH
B RMSD 73 4 A LUT & 72 D41EDS . _fth A TIL 1 2. & B TlL 4 DOEEER
EFNLTELNE (TH), &FA TIEZ U7 BOREENIANT FIHIREE bERS
N, %L, oG oOFMH, IHOURERAADLTFTETH D,

£ BEARETNVICRT D EAL 5 #1E 7 F A % — O RMSD O fi/IME

DB Peptide 300 K without restraint 350 K with protein Co. restraints
length Top 1 Top 3 Top5 Top 1 Top 3 Top5
209v 10 5.1 5.1 51 3.7 37 3.7
2v8c 13 5.6 5.6 5.6 1.3 1.3 1.3
2vzg 15 5.3 5.3 5.3 12.1 53 5.3
3g2s 11 7.9 43 43 10.3 10.3 5.3
4xc2 11 10.1 8.1 8.1 55 55 55
5d94 12 8.6 8.6 8.6 5.4 5.4 5.4
5i3q 14 46 30 30 25 25 25
5n85 12 8.3 7.6 5.0 9.7 7.0 7.0
6e5x 13 18.7 8.3 8.3 11.0 9.7 8.6
1sfi 14 7.3 7.3 7.3 6.4 6.4 4.0
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On the helical propensities of amino acids in generalized Born implicit solvent model
(Graduate School of Advanced Engineering, Tokyo Univ. of Science) OShinnosuke Kawai,
Ryota Nakamura, Tadashi Ando

Efforts to improve protein force fields, which are essential for molecular simulations, are
underway worldwide. Notably, force fields that explicitly incorporate water molecules have
shown remarkable progress. In contrast, simulations using the Generalized Born (GB)
continuum solvent model are more amenable to long timescale calculations, yet the
development of force fields optimized for GB has been struggling. In this study, we evaluated
two Amber (Assisted Model Building with Energy Refinement) force fields, FF14SBonlysc
and FF19SB, under GB conditions. Previous reports indicate that FF14SBonlysc + GB
successfully folds several small proteins, while FF19SB, when used with an explicit solvent
model, exhibits strong correlation with experimentally observed helical propensities. Here, we
performed molecular dynamics simulations on three peptides known experimentally to adopt
a-helical conformations and compared their helical content with experimental data. As a result,
FF14SBonlysc + GB underestimated the helical content compared to experimental data,
whereas FF14SB + GB significantly overstabilized the helix structure. Focusing on the latter,
we found that increasing the internal dielectric constant for GB from 1 to 1.3 yielded the best
agreement with experiment.

FFTTIa2lb—rar TUREEINLTWAZ NI EHO G EN R CHED 5

NTCWD, BRHIADF 2RI AN R 2L —2a O NBITEREE LDH ON
FET D, —FH T, EPRIEFHAIABET L Ch 5 Generalized Born (GB)
FNEFALEZ R I7EY 2 b—ya it EEREERAES DD, GB £
TV L= 15O B3> T\ b, AR TILGBE 7 A HFFICIS 1T 5 Amber
(Assisted Model Building with Energy Refinement) /)35, FF14SBonlysc & FF19SB @
P AT o 72, AORFZE S L— 712 X Y FF14SBonlysc + GB TIFEED /NS 7p 7 o)
JEOPT 0 BRI L, FF19SB IXB/RIAEBKET VEFIH TS5 & THT I/
D~V v 7 AMERPENER & @OV 2R T 2 ERHE IR TV 5, Al KB
WZa-~U w7 REEDZERMBENTWVND 3 DOXTF ROy EI)HY I 2 b—
Ta VEITVD, EONY v 7 ARG EE SRR L LTz, £ 05SSR, FF14SBonlysc + GB
TIEERE AT v 7 25 EME BFED B4, FFI9SB+GB Tid, ~V v 7 At
RN ZELSETWD ZENRHLNE e oTe, T2 T, BEDNIGHORIHEH
L. GB ODWNEBERD/NT A =X 1 D 13 ICERE LT EZ A, KB EREIITWD
FERBF T,
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Improvement of force field parameters for ATP ('Graduate School of Advanced Engineering,
Tokyo Univ. of Science) ORinto Baba,' Yusuke Arai,' Tadashi Ando'

ATP is an essential molecule for living organisms. Many proteins undergo conformational
changes coupled with ATP binding and hydrolysis. Recent studies showed that ATP also
inhibits aggregation of biological macromolecules. However, ATP molecules are multivalent
ionic substances with a charge of —3 or —4 under physiological conditions, which makes
difficult to handle in molecular simulations. In molecular dynamics simulations with current
AMBER force fields, ATP molecules strongly aggregate with each other, which is different
from experimental results. Therefore, improvement of ATP force field is necessary. In this study,
we tried to optimize the force field by changing the van der Waals radii of atoms constituting
ATP to reproduce its experimentally determined dissociation constant. As a result, aggregation
of ATP molecules decreased in molecular dynamics simulations of ATP solutions and the
dissociation constant calculated from the MD simulation was comparable to experiments.

Keywords : Molecular dynamics; ATP,; Force Field

ARIZIBUNT ATP OFE GOl & e UIESE B b2l o2 o R H %<
ATP (35 U X7 EOMRICH R ZEDTE W1 Th b, £, ATP NAEKE Y
FORELZILET IR RSN TS, Ll ATP 2y 3 EFSM Tk
T3, 4 OEMEFOZMA AL WETHY, vIalb— 3 NIBNTEOH N
NEEL VY, BIFED AMBER 1185 % iU 72 ATP IRIE D45 F 81 115 (MD) ¥ 2 =2 L—3
2 T, EBRBREERY ATP A< EET LI RO TEY, 200
BOWBENRRKD BN TS, ABFZETIE ATP OEEMH AT S8, ZRTELNT
W5 ATP OfEBETERZ T 5 XL 912, ATP 2T 2R D7 7 o F AT —/L &
PREEIE LT, ZORER, EBROMBEERZHBLL 5 2N T7 A — 252552 &
MNTET,

1537 A—52 D& RAT () L&B% () OATPEEMD v a2 b—v
aVDAFT gy b
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Theoretical study on regioselective bromination of zerumbone ('Saitama Med. Univ.,
’Graduate School of Agriculture, Kindai Univ.) O Noriko Tsuchida,' Ryoto Takahashi,
Takashi Kitayama®

The naturally occurring compound zerumbone contains two conjugated double bonds
(C2=C3 and C10=C11) and one isolated double bond (C6=C7). It has been found to selectively
add to conjugated double bond (C2=C3), rather than to the more reactive isolated double bond,
on bromination in CCls solvent." To elucidate the reason for the selective addition to the
conjugated double bond, a study was carried out using DFT (B3LYP/6-31G(d,p)) calculations.
The structure and molecular orbitals of zerumbone are shown in Figure 1. It is found that there
is no significant difference in the occupied orbitals for the three double bonds, but there is a
difference in the energy of the unoccupied orbitals. The unoccupied orbitals for double bond
dissociation at C2=C3 and C10=C11 are lower in energy than those at positions C6=C7. This
result indicates that they receive electrons more easily than isolated double bonds. This
difference in orbital energy may play an important role in the regioselective addition of Br».
Keywords : regioselective bromination, conjugated double bonds, isolated double bond,
zerumbone, DFT calculation

KIRTAFAET DAL L R T, 2 DD T FEiES (C2=C3 & C10=C11) &
1 SOISE _EHES (C6=CT7) %Fi>, CCURMPTRF LTS L. RUSHEDE WL
N HEAEA TR R T EEA(C2=COITRIRMIIAIINT B Z EBNbho T, d
T EHEG ORI IMOBE 2 520029 572912, DFT (B3LYP/6-31G(d,p))
HEA N TNz, BLUR oG LS FIMETRLF—2K 1 1R
T 3OO _EEAOEABIEICKRE REWIRWA, IEHFHEO = RV —|TiE
WD Z ENDI T, C2=C3 & C10=C1l O _EiESMEREDIE S A#IE L, C6=CT
DOALED G D LY H R LF—2ME, ZOfERIT, I —EEALY bEFE%T
BT W 2R L TWD, ZOET R LX—D@FE W T, Br2 Of7E R AN
B W CHEEREEZRZLTND EEZLND, BE TIIRISEBIC O W THHE
T 5,

HOMO LUMO LUMO+2
-0.23237 a.u. -0.04334 a.u. 0.01812 a.u.

Figure 1. Structure and MOs for zerumbone

1) T. Kitayama et al., J. Org. Chem., 64, 2667-2672,1999
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Theoretical studies on the reaction mechanism of 1,4-addition of 1,3,5-trimethoxybenzene to
a,B-unsaturated carbonyl compounds in toluene (! Faculty of Liberal Arts and Sciences,
Chukyo University, * Graduate School of Informatics, Nagoya University) O Chizuru
Muguruma,! Nobuaki Koga?

Bronsted acid-catalyzed 1,4-addition of 1,3,5-trimethoxybenzene (R1) has been reported by
Hor et al. We have reported the calculated results, using the density functional theory (DFT)
method incorporating the solvent effects via the polarizable continuum model (PCM), on the
reaction mechanism for the 1,4-addition of R1 to N-methylmaleimide (R2). In the present study,
the reaction pathways for the 1,4-addition of R1 to acrylic acid (R3) in toluene, catalyzed by
TfOH as a Brensted acid, were investigated by using the DFT calculations. The 1,4-addition
reactions of R1 to R3, similar to that to R2, proceed through the following steps: protonation
of carbonyl carbon, nucleophilic addition to the B carbon, deprotonation of the nucleophilic
adduct by TfO-, and keto-enol tautomerism. The endergonic 1,2-additions have larger
activation free energies than the 1,4-additions. We will report the results of comparing the
reaction pathways of two o,B-unsaturated carbonyl compounds in detail.

Keywords : 1,3,5-trimethoxybenzene; o,f-unsaturated carbonyl compounds, 1,4-addition;
density functional theory method, toluene solution

HorH i LW 7 L ATy RiEgzafigt s L7213,5- U A RFo_vEY (R1) @
LA HE S Tn DD, ZHE T, BERAPCMIEIZ LD BE L, R1DON- A
F~lbA IR (R2) ~DLAAINDFISFREEIZ DWW T BB EGE (DFT) #HAEIC
K VPFARTEREZRE L CE2Y, SENTT L RAT v Rige L CTIOHZ FW T,
MV EERF TORIOT 7 U VER (R3) ~D 14D S % . DFTEHEIZ

DI~7, R2%H., R3L LA4-FHINE, MEfiliElc XA v = ikFED 7 v ki Ak, R1
D B IRFE~DREBE . RKEAIENSDOTIONC L5 7 v b BB, keto-enol .25 H
AL DNEIZE AT, 1,2-41“1111@1,4-@“11[1; D HIEM LB R L F =N K& L L
T Tz, 2 OO0 BTN VAR = AL EY) T O U % EERINC Bl U725 BT
DOWNTIEY BHET 5,

R1 ’V'e\ INTO Me INT1 Me 0, INT2 Me PRD Me
+ /\g Q\ (BH —» o{%‘{—%H . o{é_\féH S o%
M " + M Me
T~ el IO 0 |—( TioH

Fig. 1 1,4-addition of 1,3,5-trimethoxybenzene to acrylic acid

1) S.Hor, K. -I. Oyama, N. Koga, M. Tsukamoto, Tetrahedron Letters 2021, 74, 153100.
2) NHETES, HEMBA, AAMEERH103FFES, 2023, Pl-2am-23.
3) NETE. HEMP, AAREFEEE104FFES, 2024, Pl-lam-16.
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Theoretical study on an enzymatic reaction of the hammerhead ribozyme
(*Graduate School of Science, Kyoto University, XIMRAM, Tohoku University)
O Ayaka Matsuyama,' Masahiko Taguchi,? Shigehiko Hayashi!

The hammerhead ribozyme (Fig. 1) is an RNA that causes an enzymatic reaction cleaving a
specific phosphodiester bond in a substrate RNA and expected to be applied to gene therapy.
Until now, the cleavage reaction was suggested to proceed through the following three steps:
(1) a deprotonation of a nearby guanine, (2) a proton transfer, and (3) a nucleophilic attack (Fig.
2). In this study, we analyzed the details of the reaction mechanism by performing molecular
simulations with the QM/MM RWFE-SCF method".

From the calculation results so far, it was revealed that the energy barrier for nucleophilic
attack in the cleavage reaction from the deprotonated state of guanine is high, making it difficult
to proceed with the reaction to the end. However, in the reaction pathway up to the nucleophilic
attack, it was observed that the proton transfer and the nucleophilic attack proceeded as a
concerted reaction, which differed from hypothesis. Currently, we presume the new reaction
mechanism (Fig. 3) and are analyzing each structure with molecular simulations.

Keywords : hammerhead ribozyme, cleavage reaction, hybrid QM/MM method

Nrw—asy RURYA L (K1) 1, BERTEMEIC X - THRE RNA OFORED
RAR VAT AEG ZUIRT 5 RNA T, B FRESOICHAPHfF ST 5,
BE, 2oUEiGE, Q77 =07 e bk, @7 m B HE), @REKED
SEPEDFIGTHETr & B X2 TV D (X 2) , RIFFETIEZ O RISHEREDFERIIZ DUV T
QM/MM RWFE-SCF¥E VIC LA T I alb—a v %179 2 & T LTV 5,

INFTOHBEERND, I 7 =0 EM 70 b AL SET2RED DIT SRR OB
IRV —BEENE L D720 RAR T AT IFEEDUIN S5 £ ThL % E
WHZEFHELNEWD ZEN ol LIL, TIVE TOMSREIZEWT, X
JICZBEREH O a b B & = BEREH O RSN WSS THETe & O RGR &1
Bpr@E 0N R oniz, £2C, BRI LWRICHRE (K3) 2&2., ZnZino
HEXE TR L C QU/MM RWFE-SCF FHELIZ K D AT 24T > T %,

Fig. 1. A tertiary structure Fig. 2. Presumed cleavage reaction  Fig. 3. The cleavage reaction mechanism
of the hammerhead ribozyme  mechanism at the active site we are currently analyzing.

1) Hayashi S et al. Annu Rev Phys Chem. 2017, 68, 135-154.
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Analysis of the reaction mechanism of gold(I)-catalyzed [2+2]/[3+2] cycloaddition reactions
using density functional theory ('Degree Programs in Pure and Applied Sciences, Graduate
School of Science and Technology, University of Tsukuba) ONatsumi Watanabe,! Daisuke
Miyazaki,! Kohei Fuchibe,' Toru Matsui'

1,1-difluoroallenes and aldehydes undergo a [2+2] cycloaddition in the presence of AuCl,
whereas a [3+2] cycloaddition occurs in the presence of Au(IPr)’. In this research, we
investigated the reaction mechanism using density functional theory to clarify the origins of
the different reactions observed with the two types of Au(I) catalysts.

The structures of the reaction intermediates are shown in the figure below. Our calculations
suggest that an Au(IIl) metallacycle forms as an intermediate in the presence of AuCl, and an
Au(T) carbenoid forms as an intermediate in the presence of Au(IPr)". The cationic gold catalyst
Au(IPr)" should destabilize the Au(Ill) intermediate due to its positive charge, thereby
preventing the [2+2] cycloaddition reaction. Details such as the effect of substituents on
reactants will be presented on the day.

Keywords : Gold(l) catalyst; Switchable Syntheses; Cycloaddition reaction; Reaction
mechanism; DFT calculation

1,1-difluoroallenes & 7 /L7 & RiE AuCl f77E F CIX[2-2 1 MBRALEG DS HET T35 23,
Au(IPr)* (IPr =1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene) f#7£ F TIE[3+2]ff IR
{EROSHEITT 2 V. ABFZECTlE 2 FEFEO (Db T 872 2 KOS T 2 Bl % B
BN L, BEPLBEEPERIC & D BUSHRE AT 21T > 7.

FHMBRALESIZ 3T 2 R OREEZ TR Lz, ROSH R E LT AuCl fF1E
T Au(l) A Z Z %A 7 V(£ TF), Au(IPr) TF4E FCTlix Au) I/ A4 R F)D
AERRINIRIE X7z, T A AT & D Au(IPr)" D IEEMIZ X - T Au(II)H A
MARLEN L, RR2ISIBRCEOSDEIT LR oo & Z 2 biLd. KIS DERILIC
K DR ERE IOV TR Y BE 9 5.

1) Bl K#l, 8 HEE, i o, ml L, B0 B, B 47 BT v BEFiER S,
2024/11/14, HIREBHFEREE.
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Theoretical study on enantioselectivity of catalytic propargyl substitution reaction using chiral
ion pair ('Faculty of Pharmaceutical Sciences, Toho University)

OHiroya Yokoyama', Takeshi Yoshikawa', Ken Sakata'

A catalytic asymmetric propargylic substitution reaction of propargylic alcohols or their
derivatives is an efficient tool for constructing a stereocenter at the propargylic position. Since
Nishibayashi et al. reported the asymmetric propargylic alkylation reaction of propargylic
alcohols with acetone in the presence of an optically active thiolate-bridged diruthenium
complex, transition metal-catalyzed enantioselective propargylic substitution reactions have
been gradually developed. In our previous study, we used DFT calculations to clarify the origin
of the enantioselectivity in the reaction based on the optically active ligands. On the other hand,
efficient asymmetric synthesizes has been developed using ion pairs, that is relatively easy to
synthesize, with noncovalent interactions instead of the optically active ligands. Resently,
Jacobsen et al. have succeeded in the synthesis of asymmetric propargylic substitution reaction
using chiral ion pairs. In this presentation, we used quantum chemical calculations to elucidate
the asymmetric mechanism at the rate-determining step.

Keywords : Chiral ion pair;, Asymmetric propargyl substitution reaction, Sulfur-bridged di-
ruthenium catalyst; Density functional theory

B4 BEER 2 FI = il 7 1 L LTS T, SO TR 0D i 50 3 IR B
T EMBEORENENTEY | AT £ C—BMEO WA ITHE ST
IRy To, PEAR B 1T FESEERAE LT = 7 NEER At S L CTHWA Z & Tokkx
72 REZANT K DRMEER 7 1 LV VAL E RS A R LT [1], SIS, LT =7
DEER O S ZERE AL AR E L 2 AT 5 Z & T RE UL~ EBIZ b Ak
L TWB[R2], AFEETIZZNE T, BHEFREE AW T, MG gL r =
U LG A T R 1 OV VAL E RSSO SOSHERE D 70 63, 2 DARFL
FEBUEIE O 21T > T X 12[3,4], — 5. L CIEAFALIG~DT 7 —F L LT,
TR A A b it & U CTHW DB A S TE Y [5]. Jacobsen B
IE, SEEAIEYEEIL A U8R 2 W DD 0 I, ERIENE 2R A A R & B 2R
THEAT =T AERERITHWD Z LT, AE T a VK AANLE WSS LT
(6], L22L723 6, & OFEMAR R BB TR S Ty, REFEClE, B
BEEFEGG A 2 W C MR T A okt (7 =4 VR X OUKER A AR )
DR RFET D Z LI L0, HEEEREICBT 2 R LR B OB 21T - 7=,

[1]Y. Nishibayashi, I. Wakiji, M. Hidai, J. Am. Chem. Soc., 122, 11019-11020 (2000). [2] Y. Inada, Y.
Nishibayashi, S. Uemura, Angew. Chem. Int. Ed., 44, 7715-7717 (2005). [3] K. Sakata, Y. Goto, T.
Yoshikawa, Y. Nishibayashi, Chem. An Asian. J., 16, 3760-3766 (2021). [4] K. Sakata, Y. Uchara, S.
Kohara, T. Yoshikawa, Y. Nishibayashi, ACS Omega, 41,36634-36642 (2022).[5] S. Satake, T. Kurihara,
K. Nishikawa, T. Mochizuki, M. Hatano, K. Ishihara, T. Yoshino, S. Matsunaga, Nature Cat., 1, 585-591
(2018). [6] J. M. Ovian, P. Vojackova, E. N. Jacobsen, Nature, 616, 84-89 (2023).
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Exploration of Na super ionic conductor-type solid electrolytes with low environmental impact
and high ionic conductivity with density functional tight-binding molecular dynamics.

(! School of Advanced Science and Engineering, Waseda University, > Waseda Research
Institute for Science and Engineering, Waseda University, Global Center for Science and
Engineering, Waseda University) Olzumi Fujikawa,' Hiromi Nakai,"> Aditya Wibawa Sakti'-*

Na super ionic conductor (NASICON) has gained significant attention as a solid electrolyte
for Na-ion batteries. Known for its thermal and chemical stability, NASICON electrolytes are
non-flammable and feature three-dimensional pathways that enable smooth Na-ion transport.
However, their ionic conductivity at room temperature remains lower than that of liquid
electrolytes, making their enhancement a critical challenge. While doping with metals can
improve ionic conductivity, many commonly used metals pose environmental risks. Therefore,
developing NASICON:-type electrolytes with low environmental risk is essential. In this study,
density functional tight-binding molecular dynamics simulations were performed on
environmentally friendly NASICON-type electrolytes to improve ionic conductivity.
Additionally, the relationship between ionic conductivity and the coordination number around
Na-ion was analyzed to explore Na-ion diffusion mechanism. Table 1 showed the ionic
conductivity and coordination number of Na;»ZrsSisPsOss and Naj2ZrsSisP4sOs47. For
Nai2ZrsSisP4O47, oxygen coordination number of SiO,4 increased and that of PO, decreased.
Keywords : Molecular dynamics method, sodium battery, solid electrolyte, ionic conductivity,
sodium superionic conductor

Na HA A4 M8 (NASICON) X, Na A A EMOBEREME L L CHEHEZED
TV 5%, NASICON EBRE LA « (LFICLE T, NRMETH Y . Na A 4> OB HE)
Wi L7 ZIRTRR I A 2 T b, L L, BIRTOA M8 TRIRNE MR & b
RTKIBIZIELS . 2O ENEELFBETHD, &F F—E 7L NaXKBIZEH-T
A FAREENE FT 52 ERMOENTWAN, — IR SN D R— 30 MIBRE
AMOEWNE DN L | RBREE AR O NASICON HEAEME Z W5 Z L NEHEET
HD, BT, BREBEAKOET L EANTA AU AEEZ A LT 52 & 2B
3: L’C BV EAEOR R S TEN )R S a b — g Vb A AU REE L Na A 4

\ZxH T DR A OB E DO BAGR &2 fEAT L7=, 32 1 1% NaaZrsSisPsOss & 1 DD Na
@K%ﬁ%é%?»@%ﬁyﬁgf&m&ﬁmﬁﬁf%é KEDOHDHET VL

Na DJE D D Si04 DOEEFEDOENLEL NG L PO4 DO E OB E N A L=,

Table 1. lonic conductivity and coordination number.

Model Ionic conductivity ~ Coordination number  Coordination number
[mS/cm] Si04-Na PO4-Na
NalzngSigP4O4g 0.820 5.06 2.84
NalzngSigP4O47 1.19 5.21 2.82
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Density Functional Theory (DFT) Study On Ligand Candidates For
Cobalt Catalysts To Optimize Branching Selectivity And
Esterification In The Carbonylative Polymerization Of Undecenol

(‘Waseda University, >Bandung Institute of Technology) OCedric Purwanto,' Aditya Wibawa
Sakti,! Hiromi Nakai,! Abel Faeyza Natawardaja,! Nova Pratiwi Indriyani?

Keywords: Carbonylation, Biodegradable Thermoplastic, Aliphatic Polyester, Density
Functional Theory (DFT), Cobalt, 10-undecen-1-ol

Cobalt tetracarbonyl hydride HCo(CO)s is a catalyst widely used in hydroformylation
reactions to synthesize biodegradable polymers). Previous studies have also shown that it can
catalyze the carbonylative polymerization of polyesters®. This study proposes a method using
undec-10-en-1-o0l, a monomer derived from castor oil. We discuss the elucidation of the
reaction mechanism for the carbonylative polymerization of undecenol into aliphatic
polydodecyloate at the DFT level using wB97X-D/6-311+G(d) after preoptimization using
XTB. Computational details were selected after benchmarking carbonyl dissociation energies
across different basissets. Experimental results from our collaborators showed catalytic activity
of 486 g mol'cat'h™! at a syngas pressure of 22 bar. The purpose of this study is to modify the
cobalt catalyst to optimize both selectivity and yield.

The reaction starts with the insertion of the HCo(CO), catalyst into undecenol.
Depending on whether the hydrogen atom of the catalyst points towards the C; or C; position
of the undecenol, a branched or a linear polymer will be synthesized, respectively. The DFT
calculation results show that the linear polymer is kinetically and thermodynamically
preferable than the branched one. To further promote the synthesis of the linear polymer, the
catalyst ligands are modified with P(OPh);, PPhs, and PMes, to increase steric hindrance of the
non-hydrogen ligands of the catalysts.

These ligand variations also impact the esterification step, which has shown to have
high activation energies from the DFT results. After analysis of the Fukui indexes of the
different ligands, variations in electrophilicity of the different ligands explain the lower
esterification energies when using the catalyst variations.

HCo(CO); H H H
R oc,, | oc,, | oc,, |
co || +co Co Co Co
A (- ’ oc” | oc” | oc” |
T AR PPh, P(OPh), PMe;,

Wf’ m,;c‘o h\
N o™ |
co

H
Co(CO)3(C{O)CH,CH,CH ,0H) HCa(CO)4(CH,CHC4H, 40H) OC.,, OC., ‘ OC., |

i
Co Co Co
\ P Phsp” | (PhO)P” | Mep” |
= GolCO)5(CHRCH,CoHsOH) k™ Cco CcO

Figure 1: polymerization reaction mechanism (left) and catalyst variations (right)
1) Hebrard, F.; Kalck, P. Cobalt-Catalyzed Hydroformylation of Alkenes: Generation and Recycling of the Carbonyl
Species, and Catalytic Cycle. Chem. Rev. 2009, 109 (9), 4272-4282. 2) Quinzler, D.; Mecking, S. Renewable
Resource-Based Poly(Dodecyloate) by Carbonylation Polymerization. Chem. Commun. 2009, No. 36, 5400.1
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Development of Machine Learning Force Field for Investigating Na-ion Diffusion in
Nagiy) V2(PO4)3.4(SiO4)y Cathode Material ('School of Advanced Science and Engineering,
Waseda University, *Waseda Research Institute for Science and Engineering, Waseda
University, 3Global Center for Science and Engineering, Waseda University) O Naoshi
Kitamura,! Hiromi Nakai,? Aditya Wibawa Sakti'-

The performance of the cathode in Na-ion batteries is influenced by the diffusion pathways
of ions and the associated energy barriers, which are discussed through experimental and
computational studies. In computational analyses, reducing the high cost of density functional
theory molecular dynamics (DFT-MD) is highly desirable for exploring electrode materials. In
this study, we focused on machine-learning force fields, implementing them using the FLARE
D software. This approach enabled the analysis of dynamics with reduced computational costs.
MD simulations were conducted for Nag+y)V2(PO4)3.4(Si04)y, and the results were compared
and discussed against experimental data and data obtained via DFT-MD.

For example, energy minimization of Na;sV2(POs)is was performed using both the PBE
functional with a plane-wave basis set in density functional theory and the FLARE-FF. The
percentage error between two total energies was equal to 0.0044 %.

Keywords : Na-ion batteries;, DFT-MD,; Machine-learning force field, FLARE; Molecular
Dynamics

Na A 4 BUHOEMOVEREIL. A A > OYEBIRE LI E 5 = %L X —[ERE |-
B AZT, ZNSITERSOHAEMERICL VBN ENS, BEMEHERDO -,
FHEIC X D HTIZ8B8 W TIL DFT-MD OFE =2 2 M EIF S 415, AWFIE Ttk
B B OERICEREZ Y CTFLARE Y7 by =7 ZFA L, iR X &2z /s
MO E T CE 2B TH NG EALL, BT E HHICED
NagiyVa(POs)s(SiOs)y x5 & LIz FH )7y I 2 b—a U aEITWV, B L7k
A FEBRES° DFT-MD (2 X D558 & bl Uigim L 72,

B 21X, NaigVia(POs)is (2% 35 =1L X —f/Mb % PBE JLEA%L, Vi 2K 4
V72 DFT &, FLARE-FF IC X > CTENEIUTOET R ALFX —ZFHE L, WH O~
7413 0.0044 % & 72077,

1) J. Vandermause, S.B. Torrisi, S. Batzner, Y. Xie, L. Sun, A.M. Kolpak, and B. Kozinsky, Npj Comput
Mater 6(1), 1-11 (2020).
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Proposal for a Quantum Bit Using a Carbon Dioxide Molecule
Enclosed in a Hydrocarbon Cubic Cage

(!School of Science, Tokai University) OShigeru Ishikawa'
Keywords: [1.1.1] Quantum Bit; Carbon Dioxide; Hydrocarbon Cubic Cage

It has been suggested that laser-induced molecular vibrations could be used as quantum
bits.! To achieve this, it is necessary to immobilize the molecule and suppress the Coriolis
coupling between rotational and vibrational motion. If the molecule is fixed by adsorption
on an adsorbent, the interaction between them must be weak enough to complete quantum
information processing before vibrational relaxation. Based on the wB97XD/cc-pVDZ
molecular orbital calculations, this study proposes the use of vibrational modes of a CO,
molecule confined in a CsoHas hydrocarbon cage as quantum bits. The cage consists of eight
benzene rings arranged at the truncated vertices of a cube and 12 methylene groups at the
edges connecting the rings, exhibiting O, symmetry. The cage enclosed a CO, molecule
along one of the C4 axes of the cage to form a complex with D4, symmetry. The adsorption
energy was 40 kJ/mol. Figure 1 shows the structure of the complex with the rotational
planes of the CO, molecule. It took 2
kJ/mol to rotate the CO, molecule toward
the methylene group to give a Dy, form,
and 3 kJ/mol to rotate it toward the
benzene ring to give a D3y form.
Therefore, the rotational motion of the
CO; molecule should be suppressed at
temperatures below 240 K. The
vibrational modes of the CO, molecule
were hardly coupled to the cage. After
confinement, the bending and
antisymmetric vibrational frequencies of
the CO, molecule changed from 671 cm!
to 665 cm™! and from 2468 cm’! to 2450

cm’!, respectively. The vibrational modes

of the cage were absent or showed weak Figure 1. Structure of a proposed qubit device. The
infrared intensities around these CeoHag cage encloses a CO2 molecule to form a
frequencies. Therefore, the vibrational complex with Dan symmetry. Each disk represents a
relaxation of the CO, molecule in the rotational plane of the CO2 molecule.

cage is expected to be slow.

1) C. M. Tesch, R. de Vivie-Riedle, Phys. Rev. Lett. 2002, 89, 157901
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Metal Atom Substitution Effect on Raman Scattering Enhancement of Metal Atom-
Encapsulated Graphitic Carbon Nitride (Graduate School of Science and Engineering, Kindai
University) OTaichi Kiuchi, Musashi Fujishima

Surface-Enhanced Raman Scattering (SERS) is a phenomenon where the Raman scattering
intensity of molecules adsorbed on Au or Ag nanoparticles with strong localized surface plasma
resonance is enhanced. Various SERS-active materials have been reported for ultra-sensitive
analysis.” Recently, Raman signal enhancement on Au-gCs;Ns has been experimentally
demonstrated,? but the detailed mechanism is unknown. In this study, we have developed
various molecular models of graphitic carbon nitride with group 11 and 12 metal atoms and
investigated the element substitution effect on the Raman scattering enhancement effect by
quantum chemical model calculations. In the optimized structure of Py-Au-gCs;Ny in the ground
state (Figure), the Au atom is located at the center of the vacancy (left panel), and Py is nearly
parallel to a tris-s-triazine unit of gC3N, (right panel). The signal intensity of the ring-breathing
mode of Py was found to be increased by a factor of about 130.

Keywords : Surface-enhanced Raman scattering (SERS); Single atom; Graphitic carbon nitride

FE P98 7 ~ L #EL (SERS: Surface-Enhanced Raman Scattering) 1%, RTEZR 7 7
R G E R <RI, 172 E D) RIS LT oy 1D T~ L EELSREE 23 B K
HBRTHY, TIVE TITHE X 72 SERS IEMEM BHT X 2 BRI 50T~ s A 23 s
ENTWV5D. D £, Au Jﬁ%@%ﬁ‘aﬁm’ MIRZEA LR FE (Au-gCsNy) DT~ o7
FOUERICBE U CHEAES NI, 2 G A D = X MIAHTH 5. AT, &
1 EBLOE RESRR 208 L1277 7 7 A4 MRE(VRFED S TET NV EERK
L, BHLFEETAGRICE Y 7~ BELERO TR BRI OV TRET Lz, 3
JEIRAEIZ I 1T D Py-Au-gCsNs D fciii{bAgiE (Figure) (23T, Au Ji11% gCiNy D22
LOIFFHOICALE L (£X), Py 1% gC3Ng & FATIZEWELE & 72 o 72 (AX). E£72,
PyDV 7TV = TE— ROY T FIVREDNK 1305 KT 5 2 L3 mnolz.

Figure. Optimized structure of Py-Au-gCsNjy (left panel: Top view, right panel: side view).

1) P. Suja, et al., J. Mater. Chem. A, 2023, 11, 8599.
2) I Yuetal., J Am. Chem. Soc. 2022, 144, 21908.
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Theoretical studies on supporting protein effects in iron-oxo porphyrin complex in P450
enzyme (' Graduate School of Science, Osaka University, *Center for Computational Science,
RIKEN) OMizuki Otsuka,' Takashi Kawakami,>' Shusuke Yamanaka,' Mitsutaka Okumura'

Compound I (Cpdl), the active intermediate of cytochrome P450, is known as an iron-oxo
porphyrin complex that catalyzes various oxidation reactions including alkane hydroxylation.
Theoretical analysis was first performed on a model complex with Cl” as an axial ligand. The
relative stabilities of various electronic states were investigated using DFT and Hybrid-DFT
calculations with Broken-Symmetry (BS) approach: *A; and A, states related to the occupied
orbital symmetry of porphyrin (aru, a24), higher multiplicity states *A; and *A,, and the °E state
arising from intramolecular electron transfer. The calculations were then extended using
structural data from PDB to study protein environment effects, incorporating surrounding
protein atoms within certain distances from the central iron atom. The changes in relative
stability of electronic states were examined by varying the range of included protein
environment. The effects of protein environment size on the electronic states will be discussed.
Keywords : P450 enzyme, iron-oxo porphyrin complex; PDB

T~ v A P450 DOIEHEFREUATH % Compound 1 (CpdD)iX, KRV 7 4 U L -fiR5E
PER[(Fe(IV)=0)(Por )] & LTHILILTERY . TN TOKBILEZIZILOH ET5
R & AL BOS & 3%, T OB TIRBITEME TSR TH 06, AT TIEET
HHECNL 12 Cl 2 BUNL L7 E T ASEIRIC BT 5B IR O BERIIENT 21T 72 5 7=,

Broken-Symmetry(BS)7 7" 1 —F % H\ 7= DFT &%, Hybrid-DFT st 72 L2 L 0 £k
AF L DAdEBFERNVT 4 VDT HIVETDRFTAE L 2EE UM LT, R
7 4V O EAEGE O (an, a)lZBEM T T, *AL A, KV EWSEE LD
‘AL AL, S HIZATNE TRENC X 2 B REBIZ OV THIXEZEENE 2 3R L 7=,

FT VR TIEERFEREENEE ICEN 5720, PDB 2oL NIMET — ¥
Z DT AIEEF L ORI 26— EDFFHANIZHFIET DRV T ¢ U B & i+
DEEFE LRI T2 BN Y X7 LTEDIHAEEITo 12, BF VR Tl
LTS CUBENL LT R TH o123, ARIORIZT AT A L OfiER T Thd, X
NI BEEODLFMAEEZ D Z LT AHEF L5 OIS U2 B IRB O X%
EVEDZEACIZOWTIRFT 21T o 7o, BERTIE, TNHDF RV EREORE I DOE
WNEFRIBIZ KT REIZ OV TIRET 5,

1) DFT and ab initio study of iron-oxo porphyrins: May the have a low-lying iron(V)-oxo electromer ?
M. Radon, E. Broclawik, K. Pierloot, J. Chem. Theory Comput. 2011, 7, 898.
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A theoretical study on the multivalent interaction between verotoxin and its ligands (College
of Liberal Arts and Sciences, Kitasato University) OKaori Ueno-Noto

Multivalent interactions between proteins and ligands play a central role in many important
biological events, including the early stages of infection by verotoxins produced by
Escherichia coli. Verotoxins specifically and multivalently bind to glycosphingolipids on
target cell surfaces via their B-subunit pentamer. To elucidate the mechanisms of multivalent
interaction between ligands and proteins, several glycan ligands covering two binding sites
were modeled based on the reported crystal structures. The interactions between those ligands
and the pentameric B subunit of the verotoxin were evaluated by MD simulations and
quantum chemical calculations.

Keywords :Multivalent ligand binding, Bacterial infection, verotoxin, Molecular Dynamics,

Quantum chemical calculation

ARG T ORFETIZY Y RBSMTHRETHZENHBNTWS. ZDXH7%
ZoRTEEY T REIOZMMMEERICB T D A =X L0 H I E LTt
FALFDOFIEIEDSEMREAT o 7. BE PR RIS & > TEA SN DN HHR
ICE DD WBEPETIL, BREOB YV T 2=y FHEKRE, EOMEREO AT >
DPERRE DS, FERONOZMTHEAT D & T, TOHMEEZED TND I & DVRIE
ENTW5D. 2O B Y 7=y hOKHERIZIT 3 FEFOMBAETHMLRH Y, Zhd
TRTOFBEEAIZ 0 AR F Y AT 3 K Gb3 OBEBE A A 5 il Tt i
DIED>, Gb3 OFEGE T A NN VFET AT VHEREES S8, OV H R
FEOHELZ B LB, NnEROMREAIE LTS s L biciE S Tn5
[1,2]. 26 OfEfmtEE 2RI, FREATFOFEICESEXnER L HEHEM oM A
YERIZ DU CHERT L 7=,

BMAED B V7 2=y NHERICHEHY o ROFEES T 5 #E s (pdb ID: 1bos,
lqnu, 2¢5¢) VY, BTV 7L - T2 OOREBE I 28 ) RERY T FE
ER L7z, b Y T REBAET HBEOEGKRLLRMEEL LT, 4 7E%F
Ialb—TarETWN, BEEREOE A F I A BT L. £, AF v
a v MEEIZBITAEmEL Y T FOMEER =R VX —%, IR RE2ZE LT
B 7LFEE FMO-PCM/MP2-6-31G(d)IEIC L W EH L, ZTOmEWEMT L=, T Oh
B, B ORSE A2 B O K& R Y T RN BRI OMAEERIT]LS 75—
J7, 2OV H Y RETBIOHEBERIZHES L TV A REDOHAEERNTHL 25 2
EMBLMNCR oI, ZD X DI H RO BRI E 7208 o THIRIAIZE) < +8
AAEROREME Y HHET 5.

1) H. Ling, et al. Biochemistry 1998, 37, 1777. 2) P. L. Kitov et al. Nature 2000, 403, 669.
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Construction of a dataset of chemical structures for chemicals used in the workplace (National
Institute of Occupational Safety and Health, Japan) OYuko Ogata, Kenya Yamamoto

Organizing and structuring chemical information is important for understanding the
relationships among chemicals and estimating their properties. In order to find substances to
be evaluated preferentially among a huge number of chemical substances, a chemoinformatic
approach has been attempted”. In this study, we constructed a dataset of chemical structures
for chemicals used in the workplace. We collected structural descriptors for substances
recorded by the NITE Chemical Risk Information Platform (NITE-CHRIP) and subjected to the
Chemical Substances Control Law (CSCL) or the Industrial Safety and Health Act (ISHA),
which are broadly applicable to industrial chemicals, from various publicly available chemical
substance databases based on their CAS RN. The constructed dataset included 55,820
substances (number of CHRIP-IDs). The results of a similarity search for some of the chemical
substances investigated by the Investigative Committee on Risk Assessment for Preventing
Impairment of Workers’ Health Caused by Chemical Substances by the Health, Labour and
Welfare”, as reported earlier, will also be presented.

Keywords : Chemicals in the workplace; Chemical structure; Dataset; NITE-CHRIP
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Chiral analysis of single crystals of sodium chlorate using deep learning ('School of
Engineering Science, Osaka University, *Graduate School of Engineering Science, Osaka
University) oShogo Yoshioka,! Ryusei Oketani,” Ichiro Hisaki?

Chiral analysis of solid materials has traditionally relied on spectroscopic methods like
circular dichroism, limiting its application to rapid in-line process analysis. This study
introduces a novel chiral analysis method using image recognition technology to swiftly
determine chirality based on crystal appearance. Sodium chlorate, achiral in aqueous solution,
forms chiral crystals with the cubic space group P2,3. Under polarized microscopy, its chirality
can be distinguished by optical rotation. Using polarized microscopy, images of crystallized
sodium chlorate were captured to create a dataset. The YOLO algorithm, commonly used for
real-time object detection, was employed to train a model for detecting and classifying crystals.
Brown crystals were labeled as NaClO;_1, and light blue crystals as NaClOs_2. Testing on 31
images containing approximately 2,000 crystals, the model achieved a recall of around 80%
and a precision exceeding 97%. Detection time was drastically reduced from over one hour
manually to about one minute, demonstrating significant efficiency and potential for real-time
chiral analysis.

Keywords : Chirality; Chiral analysis; Deep learning,; Image recognition, Classification
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