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Orbital interaction based binding energy analysis for designing molecular
targeted drugs
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In vivo molecular recognition causes with concerted structural changes. The

aim here is to develop a new binding energy analysis method for designing the recognition ability in
molecular targeted drugs, by which the relationship between the structural changes and binding
energy can be obtained from the orbital interaction viewpoint. For the purpose, the
through-space/bond (TS/TB) interaction analysis method was combined with geometrical optimization
algorism to predict optimized geometries under cutting off the specific interactions and its
contribution to the binding energy on recognition reaction. As the first step towards huge
bio-systems, the TS/TB method was developed so as to analyze orbital interactions in the unit of
region localized molecular orbitals generated by O(N) elongation method. As a related work, the
DNA-molecule interaction was investigated and machine learning was adopted to find hidden rules
among numerous interaction dataset.

N Elongation



ab initio

N 3 4
trial-and-
error
Through-Space
/Bond(TS/TB) ( )
1991
Elongation ELG
Active RLMO
N [O(N)] 1 core o)
Frozen RLMO
10 10° hartree/atom
10 100 1kcal/mol
TS/TB
TS/TB
O(N) ELG
Through-Space/Bond TS/TB
“ TS/TB-OPT ”
Elongation ELG “ ELG-TS/TB-OPT ”
ELG RLMO
TS/TB-OPT

(1) TS/TB-OPT

=3

TS/TB



(2) ELG-TS/TB-OPT

TS/TB-0PT O(N) ELG
TS/TB-0PT AO ELG
RLMO
ELG
ELG-OPT
PCM
ELG-TS/TB-OPT-PCM
(1) TS/TB-OPT
TS/TB
TS/TB
TS/TB-OPT
T
TS/TB
(2) ELG-TS/TB-OPT
TS/TB-0PT
ELG ELG Active
RLMO Frozen RLMO Active RLMO
TS/TB-OPT ELG ELG
RLMO TS/TB RLMO-based TS/TB
RLMO-based TS/TB TS/TB-0PT ELG
TS/TB-PCM
DNA
PC
ELG

(a) A. Imamura, H. Sugiyama, Y. Orimoto, and Y. Aoki,“ Ab Initio Through Space/Bond
Interaction Analysis on the Stereoelectronic Effect by Modifying the Exponents of the
Basis Set” , Int. J. Quantum Chem., 74, 761-768 (1999); (b) Y. Orimoto, K. Naka and Y.
Aoki,“ NBO-Based CI/MP Through-Space/Bond Interaction Analysis and its Application to
Stereoelectronic Effects in SN2 Reactions” , Int. J. Quantum Chem., 104, 911-918 (2005).

(&) A. Imamura, Y. Aoki and K. Maekawa,“ A Theoretical Synthesis of Polymers by
Using Uniform Localization of Molecular Orbitals: Proposal of an Elongation Method” ,
J. Chem. Phys., 95, 5419-5431 (1991); (b) Y. Aoki and F. L. Gu,“ An elongation method
for large systems toward bio-systems” , Phys. Chem. Chem. Phys., 14, 7640-7668 (2012).



Orimoto Yuuichi Aoki Yuriko Imamura Akira

123

Extraction of One-Handed Helical Frontier Orbital in Even [n]Cumulenes by Breaking Mirror
Images of Right- and Left-Handed Helical Orbitals: Theoretical Study

2019

The Journal of Physical Chemistry C

11134 11139

DOl
10.1021/acs. jpcc.9b01829

Aoki Yuriko Orimoto Yuuichi Imamura Akira 4

One-Handed Helical Orbitals in Conjugated Molecules 2018

ACS Central Science 664 665
DOl

10.1021/acscentsci .8b00228

Orimoto Yuuichi Ishimoto Kosuke Aoki Yuriko 122

Role of Pyridinium Groups and lodide lons in Photoelectrochromism in Viologen-Based lon-Pair 2018

Charge-Transfer Complexes: Molecular Orbital Analysis

The Journal of Physical Chemistry C 4546 4556
DOl

10.1021/acs. jpcc.7b10281

Orimoto Yuuichi Kato Kohei Aoki Yuriko 121

Importance of Through-Space Interaction of [2,2' ]-Paracyclophane-oligo(p-phenylenevinylene) 2017

Molecular Wires for Photovoltaic Application and Effective Wire Design by Chemical Substitution

The Journal of Physical Chemistry C

17703 17711

DOl
10.1021/acs. jpcc.7b05730




Orimoto Yuuichi Otsuka Kohei Yagyu Kazuma Tochihara Hiroshi Suzuki Takayuki Aoki Yuriko 121

Theoretical Study of Cu Intercalation through a Defect in Zero-Layer Graphene on SiC Surface 2017
The Journal of Physical Chemistry C 7294 7302
DOl

10.1021/acs. jpcc.7b00314

Orimoto Yuuichi Shirane Satoru Aoki Yuriko 40

Extent of structural change during the reaction and its relationship to isoselectivity in 2019
polypropylene polymerization with ansa- zirconocene/borate catalyst: A computational study

Journal of Computational Chemistry 2622 2635

DOl
10.1002/jcc.26040

25 0 11

Yuuichi Orimoto, Anna Pomogaeva, Ayaka Yano, Kazuhiko Nakatani, Yuriko Aoki

High throughput molecular design/exploration for DNA bulge/mismatch recognition: computational approach by elongation method

The 45th International Symposium on Nucleic Acids Chemistry (I1SNAC2018), Kyoto(JAPAN)

2018

Yuuichi Orimoto, Satoru Shirane, Yuriko Aoki

Ab initio MO study of propylene polymerization by zirconocene/borate catalyst

16-th V.A. Fock Meeting on Theoretical, Quantum and Computational Chemistry, Sochi(Russia)

2018




Yuriko Aoki, Anna Pomogaeva, Yuuichi Orimoto

Development of efficient elongation method toward locally perturbed aperiodic nano/bio systems

7th JCS SYMPOSIUM, PRAGUE (Czech Republic)

2018

2018
2018

2018
2018

Pomogaeva Anna

12

2018




12

2018
Pomogaeva Anna,
Elongation DNA
12
2018
12
2018

Yuuichi Orimoto, Satoru Shirane and Yuriko Aoki

Mechanism of highly selective olefin polymerization by metallocene catalyst: computational approach

IRCCS-JST CREST Joint Symposium, Fukuoka

2018




Satoru Shirane, Yuuichi Orimoto and Yuriko Aoki

Selectivity of olefin polymerization with metallocene catalyst and the effects of producted polymers on its mechanism

The 19th Cross Straits Symposium on Energy and Environmental Science and Technology (CSS-EEST19), Fukuoka

2017

Yuuichi Orimoto and Yuriko Aoki

Computational design of DNAs: property control via elongation method

The 44th International Symposium on Nucleic Acids Chemistry (ISNAC2017), Tokyo

2017

Yuriko Aoki, Wataru Mizukami, lkuko Okawa, Yuuichi Orimoto

Elongation method for efficient quantum chemistry calculations toward functional designs of bio/nano materials

2018

11

2017




Elongation

11

2017

11

2017

Yuuichi Orimoto and Yuriko Aoki

Theoretical approach to the property and reaction design of DNA/proteins by through-space/bond interaction analysis and
elongation method

The 43th International Symposium on Nucleic Acids Chemistry (I1SNAC2016)

2016

10

2016




Mariia V. Ivonina, Yuuichi Orimoto, Yuriko Aoki

Nonlinear optical properties of push-pull 1t -conjugated molecules via elongation-FF method

The 2nd R-CCS international symposium, Kobe (Japan)

2020

Elongation DNA

2019

2019

Yuuichi Orimoto, Anna Pomogaeva, Keisuke Hisama, Ayaka Yano, Koichi Miyagawa, Kazuhiko Nakatani, Yuriko Aoki

Computer-aided molecular design for DNA bulge recognition ligands by order-N elongation method

the 46th International Symposium on Nucleic Acids Chemistry, the 3rd Annual Meeting of Japan Society of Nucleic Acid
Chemistry (ISNAC 2019), Tokyo(Japan)

2019

Yuriko Aoki, Yuuichi Orimoto, Anna Pomogaeva

A Linear Scaling Approach for Efficient Geometry Optimization in Perturbed DNAs

Asia-Pacific Association of Theoretical and Computational Chemists (APATCC 2019), Sydney(Australia)

2019




13

2019

Cumulene — —

13

2019

Yuriko Aoki, Yuuichi Orimoto, Anna Pomogaeva

Linear-scaling two-ways elongation method for local perturbation on nanotubes/DNA

Current Trends in Theoretical Chemistry VIII, Krakow(Poland)

2019

1
Yuriko Aoki, Yuuichi Orimoto and Akira Imamura 2017
Springer International Publishing 138

“ Quantum chemical approach for organic ferromagnetic material design” , SPRINGER BRIEFS IN
MOLECULAR SCIENCE, ELECTRICAL AND MAGNETIC PROPERTIES OF ATOMS, MOLECULES, AND CLUSTERS







