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Ab Initio Fragment Molecular Orbital Study of Molecular Interactions between
Liganded Retinoid X Receptor and Its Coactivator; Part Il: Influence of Mutations in
Transcriptional Activation Function 2 Activating Domain Core on the Molecular
Interactions T

Mika lto, Kaori Fukuzawa, Yuji Mochizuki, Tatsuya Makano, and Shigenori Tanaka

View Author Information -~ 3 800 pS, 900 pS, 1000 pS
. . 2009 PAICS
L] Open PDF S ting Inf t 1
‘ © Supporting Informatien (1 https://doi.org/10.1002/jcc.21265
Abstract

The ab initio fragment molecular orbital (FMQ) calculations were performed for retinoid X receptor (RXR) complexes with its ligand
9-cis retinoic acid (9cRA) and steroid receptor coactivator-1 (SRC1) to examine the influence of mutations in transcriptional
activation function 2 activating domain core (AF2C) of RXR on molecular interactions between 9cRA liganded RXR and SRC1
coactivator. The RXR-SRC1 interactions in three types of RXR-9cRA-SRC1 complexes, namely, a wild type (WT), a mutant whose
Glu453 of AF2C was substituted by Lys (E453K), and another mutant whose Glu456 of AF2C was substituted by Lys (E456K), were
compared. Through the comparison of WT, E453K, and E456K, possible causes for a marked decrease in the transcriptional activity
of RXR by the mutation of Glu453, which is known as a highly conserved charged residue of AFZC, were discussed. It was
guantitatively demonstrated that the strength of the RXR-SRC1 interaction correlates with the degree of the transcriptional
activation (WT > E456K > E453K). In E453K, the RXR-SRC1 interaction was substantially reduced by the AF2C-SRC1 repulsive
interaction, and the charge transfer (CT) from RXR to SRC1 was also inhibited by the decreased electron donation from AF2C to
SRCT1. Our findings suggest that the inhibitions of the local RKR-SRC1 interaction via AF2C and of the local CT from RXR to SRC1
via AF2C would be the possible causes for the marked decrease in the transcriptional activity of RXR.
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Large-Scale FMO-MP2 Calculations of the Spike Protein
Droplet Model
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Fugaku

ABSTRACT

The spike protein of SARS-CoV-2 is a challenging target for theoretical approaches. Here we report a benchmark calculation of
the spike protein droplet model by the fragment molecular orbital (FMO) at the second-order Meoller-Plesset perturbation (MP2)
level on the supercomputer Fugaku. One hundred structure samples from molecular dynamics (MD) simulations were used for
both the closed and open forms of this protein (PDB IDs 6XLU and 6XMO respectively). The number of total fragments is about
20,000, and the job time per structure was about 2h on 8 racks of Fugaku.

8 1 FMO-MP2/6-31G(d) 2
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6XLU (closed) 6XMO0 (open)

#2

Ver. 2 Rev. 8  Python
2026 FMOMP2

cc-pVDZ

6XLU 6XMO
pnt. chg. w/o ion pnt. chg. w/0 ion
average st.dev. average st.dev. average st.dev. average st. dev.

Monomer HF 3561.1 736.2 5075.2 903.0 3481.1 694.8  3569.2 643.7

Monomer MP2  15.7 0.3 22.4 1.1 15.7 0.4 16.2 0.2
Monomer (Total 3670.9  736.2 5164.7 9045 3595.0 6949 36265 643.7
Dimer-ES 282.1 15.8 663.5 5.9 292.5 14.4 663.6 6.1
Dimer HF 824.1 47.4 1596.6  145.3 855.5 61.7 919.0 63.0
Dimer MP2 350.4 29.8 416.3 44.6 343.7 46.4 358.6 46.0

Dimer (Total) 2971.7 46.6 4174.5 152.4  3074.7 55.1 3365.9 79.4
FMO (Total) 6642.6  /39.3  9339.2 959.3  6669.7 708.4 69924 641.1

Dimer
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#3

Chain pair average I\gsgz;) st. dev.  (Trials)

6XLU  Li(l) ion (85/101)
A-B -1626.9 230.0 -1599.9 230.5
A-C -1981.8 276.9 -1954.4 276.9
B-C -1975.1 185.9 -1947.0 185.7

pnt. chg. (101/101)
A-B -1636.1 221.8 -1608.9 222.3
A-C -1972.3 264.0 -1945.2 264.0
B-C -1952.4 207.8 -1924.3 207.6

w/o ion (96/101)
A-B -1829.3 180.7 -1802.2 180.6
A-C -2032.7 246.8 -2005.6 246.8
B-C -2029.3 190.4 -2001.2 190.0

6XM0O pnt. chg. (100/101)
A-B -1583.3 140.3 -1558.0 139.8
A-C -1829.5 213.3 -1804.6 212.9
B-C -1438.0 166.6 -1415.9 166.3

w/o ion (99/101)
A-B -1676.5 147.0 -1651.2 146.3
A-C -1892.0 213.5 -1867.1 213.0
B-C -1462.3 169.4 -1440.3 169.1

2026/6/11
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JOURNAL ARTICLE
FMO-based interaction analysis on DEET/icaridin—
AgamOBP1 complex 3

Kazuki Akisawa, Yurina Sakuma, Akiko Tsukamoto, Hideo Doi, Koji Okuwaki, Yoshinori

Hirano, Eiji Yamamoto, Kenji Yasuoka, Yuji Mochizuki 2§ Author Notes

Chemistry Letters, Volume 54, Issue 2, February 2025, upaf030,
https://doi.org/10.1093/chemle/upaf030
Published: 14 February2025  Article history v

PDF NN SplitView &6 Cite A Permissions g Share v

Abstract

We performed statistical interaction analysis using fragment molecular orbital
calculations on the droplet models of complexes formed between 2 popular
mosquito repellents (N,N-Diethyl-3-methylbenzamide (DEET) and icaridin) and
the target odorant binding protein of Anopheles gambiae (AgamOBP1). These
structure sets were generated by molecular dynamics simulations, taking into
account structural fluctuations under hydration. The different binding situation

for the 2 repellents was revealed; the phenyl ring with n-electrons plays a leading

role for DEET, whereas multiple attractive interactions are involved for icaridin.

AgamOBP1 (Dimer)
DEET OH learidin G

2
PPV

]

FMO-based interaction analysis was performed for two popular
mosquito repellents bound to AgamOBP1. It was found that
IDEET has significant interactions due to the phenyl group and
that lcaridin has attractive interactions with several residues,

ChainA | Chain B

Chain A and B are not spatially equivalent.
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S. Tsushimat al.,Chem. Comn60 (2024) 479/ hp220229

UQ,**

ChemComm

Fig. 3 Overlay of representative structures of BSA with (light green) and
without (light blue) uranyl(w). The side chains of the uranyl-interacting
residues are highlighted as sticks, while the secondary structures of the
protein are shown as ribbons.

Table 1 Inter-fragment interaction energy (IFIE) between uranyliw) and
major residues in its vicinity as obtained by FMO calculations at the MP; 5
level as well as associated inter-fragment distances. Mean values from 100
structures as well as standard deviations are shown

Distance [A) IFIE (keal mol™?)
Mean 5.d. Mean s,
Leu*™ 8.79 0.73 —9.6 1.4
The™ 7.82 0.50 —10.8 2.1
Ala™® 7.65 0.29 —-10.2 1.7
Asp™ 2.19 0.04 —350.1 9.9
Phe®'® 2.79 0.19 —26.0 13.2
P AL SOCIETY  COMMUNICATION @ Asp™? 2.20 0.05 —327.3 12.9
OF CHEMISTRY  Soumsnmacr Asp™? 2.24 0.06 —350.3 25.0
- cvaen for C-H sctuat : ANNIVERSARY val** 3.26 0.49 +4.8 8.6
Asn*Y 3.61 0.77 —8.6 42.0
2026/6/11 Phe™* 3.29 0.53 —6.5 1.7
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K. Kato et al.Chem. Phys. Let629(2015) 58.
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H. Doi et al., Jpn J. Appl. Phys64 (2025) 077001.

#1

Japanese Journal of Applied Physics

REGULAR PAPER - OPEN ACCESS Article metrics
Prediction of quantitative interaction energy from low-cost 1295 Total downloads
FMO calculation by machine learning

Hideo Doi, Ryohei Yoshine, Sota Matsuoka, Koji Okuwaki and Yuji Mochizuki @

Published 14 July 2025 = ©@ 2025 The Author(s). Published on behalf of The Japan Saciety of Applied Physics by IOP

Publishing Ltd ’
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Citation Hideo Dol et al 2025 Jpn. ). Appl Phys. 64 077001 RF
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Abstract 1. Introduction

In our previous report [H. Doi et al., JAP 62, 070901 {2023)], we presented a machine learning-based 2. List of descriptors

. Test scheme

(5]

approach to reduce the overall cost of fragment molecular orbital (FMO) calculations from which the
effective interaction parameters for dissipative particle dynamics are derived. The corresponding 4. Results and discussion

protocol has been used in several applications, but in some cases a loss of accuracy has been observed. 5. Conclusions

.

To address this issue, the additional descriptor based on the low-cost FMO calculation has been Acknowledgments

introduced and successfully applied to the nitrobenzene-hexane system. Its improved applicability has References

also been tested for inter-residue interactions of Chignolin.

4 Back to top
2026/6/11

70
6-31G*

1/3

30



Structural parameter Ref,; Boi et al.,Jpn J. Appl. Phys62 (2023) 070901.
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SCOP2 database Ref.; D. Takaya etSadi, Data.11(2024) Art. No. 1164.
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