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Stu?y of protein performance modification based on canonical molecular orbital
analysis
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To understand the canonical molecular orbitals of proteins and their
properties, several methods were developed to analyze the results of large-scale protein canonical
molecular orbital calculations. This has enabled a comprehensive and objective investigation of the
spread and interactions of protein canonical molecular orbitals. These findings are expected to
build the foundation technology for new protein design based on quantum effects, opening up new
possibilities for protein design and its applications.



H,C,N,O,S

c d 85.2%

99.9%

2013
(QM/MM )

Kohn-Sham
QCLO [2, 3]
QCLObot [4] PDB

94.7%

(SCF)

ProteinDF [1]



Pipek  Mezzy
(5] G

Nbf

—_— 1 * *
Qi = EZ(CpiSquqi * quSqupi)
q

Nbf

Gi= Y (0’

G
(D G
G
( 2
1 G G
2s,2p
QCLO [23] [6]
( )
2
1 QCLO
3

energy / eV




EDA
EDA
EDA 5
«( ) (¢ )
o
EDA
ProteinDF

40
EDA
EDA
EDA
T (

(

1000/

AO index

1250/
1500
1750/

2000/

5a
(EDA)

750~1000

AO index

fi
iics

e

& = 5 ; A )
0 250 500 750 1000 1250 1500 1750 2000

(EDA) 7]



10}
750
10°
1000 .
= :
0 1250
1072 1500 E

1073 |
2000,

0250 500 750 1000 1250 1500 1750 2000

104 250500 750 1000 1250 1500 1750 2000

6 a EDA 7o EDA

[1] https://github.com/ProteinDF/ProteinDF

[2] H.Kashiwagi, H.lwai, K.Tokieda, M.Era, T.Sumita, T.Yoshihiro, F.Sato, Mol. Phys., 101, 81 (2003).
[3] N.Nishino-Uemura, T.Hirano, F.Sato, J. Chem. Phys., 127, 184106 (2007).

[4] https://github.com/ProteinDF/QCL Obot

[5] J.Pipek, PG.Mezey, J. Chem. Phys., 90, 4916-4926 (1989)

[6] M.Dupuis, M.Nallapu, J. Comput. Chem., 40, 39-50 (2019)

[7] H.Nakai, Chem Phys. Lett., 363, 73-79 (2002).



10 5 0 4

Hirano Toshiyuki Hirano, Sato Fumitoshi

2611

Theoretical Study of the Receptor-Binding Domain of Spike Protein of SARS-CoV-2 by Canonical 2022
Molecular Orbital Calculation
AIP Conference Proceedings 020005:1 4
DOl
10.1063/5.0119366
74
PETase 2022
161 167
DOl
10.11188/seisankenkyu.74.161
74
a2 2022
153 159
DOl
10.11188/seisankenkyu.74.153
74
2022
247 251

DOl




Ogawa Saori Shimidzu Hitomi Fukuda Koji Tsunekawa Naoki Hirano Toshiyuki Sato Fumitoshi 85
Yura Kei Hasunuma Tomohisa Ochi Kozo Yamamoto Michio Sakamoto Wataru Hashimoto Kentaro
Ogata Hiroyuki Kanao Tadayoshi Nemoto Michiko Inagaki Kenji Tamura Takashi
Multiple mutations in RNA polymerase (3 -subunit gene (<i>rpoB</i>) in <i>Streptomyces 2021
incarnatus</i> NRRL8089 enhance production of antiviral antibiotic sinefungin: modeling rif
cluster region by density functional theory
Bioscience, Biotechnology, and Biochemistry 1275 1282
DOl
10.1093/bbb/zbab011
Hirano Toshiyuki Sato Fumitoshi 2343
Interaction energy analysis based on canonical Kohn-Sham molecular orbitals calculation of 2021
protein
AIP Conference Proceedings 020007:1 4
DOl
10.1063/5.0047812
73
2021
157 163
DOl
10.11188/seisankenkyu.73.157
s s s 75 2
p53 MDM2 2023
123-129

DOl
10.11188/seisankenkyu.75.123




s 42
2023
115-121
DOl
Toshiyuki Hirano, Fumitoshi Sato 3030
Study on Analysis Approach of Canonical Molecular Orbital Calculation in Large-scale Molecular 2024
System
AIP Conference Proceedings 020008:1-4
DOl
10.1063/5.0192921

14 2 5

Hirano Toshiyuki, Sato Fumitoshi

Study on Analysis Approach of Canonical Kohn-Sham Molecular Orbital Calculation in Large-scale Molecular System

17th International Conference of Computational Methods in Sciences and Engineering (ICCMSE2022)

2022

2022




ACE2

16

2022

Hirano Toshiyuki, Sato Fumitoshi

Theoretical study of the receptor-binding domain of spike protein of SARS-CoV-2 by canonical molecular orbital calculation

16th International Conference of Computational Methods in Sciences and Engineering (ICCMSE2021)

2021

Hirano Toshiyuki, Sato Fumitoshi

Orchestration software for canonical Kohn-Sham molecular orbital calculation of proteins: QCLObot

Pacifichem 2021

2021

RNA

15

2021




PETase

15

2021

a2

15

2021

17

2023

2023

, Zheng Haojie,

17

2023

2023




Toshiyuki Hirano, Fumitoshi Sato

Principal Component Analysis of Energies Derived from Canonical Molecular Orbital Calculations of Proteins

1CNAAM2023

2023

Zheng Haojie, Hirano Toshiyuki, Tahara Saisei, Sato Fumitoshi

Insight into electronic structure of insulin analogues bound to IGF-1 receptor by quantum-chemistry calculation

Bio UT 2023

2023

Zheng Haojie, , s

Electronic structure of insulin and its analogues bound to IGF-1 receptor by canonical molecular orbital calculations

25

2023

2024







