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(FMO)
(HF)

2

2020 FMO
AI for Science NIS
GPU NEXT GPU



FMO

https://www.springer.com/gp/book/9789811592348/ ABINIT-MP Chap. 4 - Y. Mochizuki et al., ñThe ABINIT-MP Programòpp. 53-67.

2021 1 / 2027
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ABINIT- MP

   (1) "Electron-correlated fragment-molecular-orbital calculations for biomolecular and nano systems", S. Tanaka*, 
Y. Mochizuki*, Y. Komeiji, Y. Okiyama, K. Fukuzawa, Phys. Chem. Chem. Phys., 16  (2014) 10310-10344.

   (2) "The ABINIT-MP Program", Y. Mochizuki*, T. Nakano, K. Sakakura, Y. Okiyama, H. Watanabe, K. Kato, Y. Akinaga, 
S. Sato, J. Yamamoto, K. Yamashita, T. Murase, T. Ishikawa, Y. Komeiji, Y. Kato, N. Watanabe, T. Tsukamoto, 
H. Mori, K. Okuwaki, S. Tanaka, A. Kato, C. Watanabe, K. Fukuzawa (pp. 53-67) in Recent Advances of the 

        Fragment Molecular Orbital Method - Enhanced Performance and Applicability, ed. Y. Mochizuki, S. Tanaka, K.
        Fukuzawa (January 2021, Springer).

   (1) "FMO ABINIT-MP ", * , , , , ,  
        , , , , , , J. Comp. Chem. Jpn., 16  (2017) 119-122.
   (2) "FMO ABINIT-MP OakForest-PACS ", *, , , 
        , , J. Comp. Chem. Jpn. 17  (2018) 147-149.
   (3) "ABINIT-MP Open ", * , , , , , 
        , , , , J. Comp. Chem. Jpn., 18  (2019) 129-131.
   (4) "FMO ABINIT-MP 2020", * , , , , , , 
        , , , J. Comp. Chem. Jpn., 19 (2020) 142-145.
   (5) "FMO ABINIT-MP 2021", * , , , , , , 
        , , J. Comp. Chem. Jpn., 20 (2021) 132-136.
   (6) "FMO ABINIT-MP 2022", * , , , , , , 
        , , , J. Comp. Chem. Jpn., 21  (2022) 106-110.
   (7) "FMO ABINIT-MP 2023", * , , , , , , 
        , , , , , J. Comp. Chem. Jpn., 23 (2024) 4-8.

(8) "ABINIT-MP ", * , , , , , , , 
        , , , J. Comp. Chem. Jpn., 23  (2024) 85-97.

 (9) "FMO ABINIT-MP 2025", * , , , , , , 
        , , , , , , , J. Comp. Chem. Jpn., 25  (2026) 7-14. 

: HPC / : HPC
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MD-FMO
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MD- FMO

3 800 ps, 900 ps, 1000 ps
2009 PAICS

 https://doi.org/10.1002/jcc.21265

M. Ito et al., J. Phys. Chem. A 112 (2007) 1986.
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MD- FMO #1 Eu(III)

B. Drobot et al., Phys. Chem. Chem. Phys. 21 (2019) 21213./  Eu─ │MCP≢ .

1
 - 386.7

         - 25.9
   - 412.6  15.3kcal/mol

2
    - 376.9

            - 29.3
  - 406.2  14.0 kcal/mol

3
     - 307.7

             - 46.8
 - 354.5  14.0 kcal/mol

4
     - 384.2

             - 32.3
- 416.4  12.9 kcal/mol

100
( -245.0 8.3)

( -249.0 8.4)

( -213.6. 8.0)

( -250.6. 7.7)

FX-100



2026/6/11 11

A. Rossberg et al., Chem. Comm. 55 (2019) 2015./ U─ │MCP≢ .
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Residues

Cryst. MD

Closed(6VXX) Open (6VYB)

Mpro - N3 Ref.; R. Hatada et al., Appl. Phys. Expr. 14 (2021) 027003. / S-Protein Ref.; K. Akisawa et al., RSC Adv. 11 (2021) 3272. 

Mpro  - N3 S 2

FMO-MP2(PR)/6 -31G* FMO-MP3/cc -pVDZ 3.3
2026/6/11

Ver. 1 Rev. 22
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MD- FMO

FMOcalculation

Dynamically averaged IFIE/PIEDA data

Interaction analysis

Shaping droplet model from 100-200 ns trajectory

FMO set-up

Force-field setting / Periodic condition

MD set-up

MD on Fugaku (GROMACS)

MD simulation

FMO on Fugaku (ABINIT-MP)
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6XLU 6XM0

num_pointcharge= 2334

# atom_num,  chrg, xyz
96097  1  234.178   20.915  222.887
96098  1  232.297  224.825    3.839
96099  1    6.761   21.636   13.063
96100  1   17.861   13.768   51.706
96101  1   24.109   10.773  102.311
96102  1    4.577   13.323  153.156
96103  1  239.695  221.975  187.373
96104  1   16.074   17.961  149.855
96105  1    1.789    4.986  210.188
96106  1   15.426   25.798  223.206
96107  1   10.278   17.294   84.552

... Omitted below ...

&CNTRL
  ElecState ='S1'
  Method='MP2'
  Nprint =3
  Memory=14000
  Natom=0
  CHARGE=- 18
  ReadGeom='6xm0- 100- 200ns- 121000ps.pdb'
  MLfraglimit =3426
/
&FMOCNTRL
  FMO='ON'
  NBody=2
  AutoFrag='OFF'
  NF=8077
  PointChargeFile ='6xm0- 100- 200ns- 121000ps.txt'
  Ldimer=2.0
  NP=1

Dimer_es_multipole ='YES'
  Ldimer_cmm=5.0
/

MD 4.5Å /
4-6

PDB
ABINIT-MP

100%
Ver. 2 Rev. 12

- , J. Comp. Chem. Jpn. (2026) .
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H. Doi et al., J. Comp. Chem. 46 (2025) e70052.

#1

8 1 FMO-MP2/6-31G(d) 2
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Ver. 2 Rev. 8 Python
2026 FMO-MP2

cc-pVDZ

#2

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 5164.7 904.5 3595.0 694.9 3626.5 643.7

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) 6642.6 739.3 9339.2 959.3 6669.7 708.4 6992.4 641.1

pnt. chg. w/o ion

6XM0

pnt. chg. w/o ion

6XLU

Dimer
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#3

Chain pair
MP2

average
st. dev.

MP2(PR)

average
st. dev. (Trials)

6XLU Li(I) 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

6XM0 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

6XLU
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Xa

Edoxaban(N+)
6 N

VII VIIa

IXa
VIIIa

Apixaban

Edoxaban

Rivaroxaban 

Betrixaban

IIa

Xa

X

IX

II

warfarin

Fibrinogen Fibrin

Xa
4
Xa - MM-MD/FMO
Xa S1 S4

R. Yoshine et al., J. Comp.-Aid. Mol. Design 40 (2026) Art. No. 132.

Ref.; A. Chandra et al., Postgrad. Med. J. 98  (2022) 395.
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CRISPR- CAS9

-35-30-25-20-15-10-50

C82-G72

C83-G71

C84-G70

C66-G52

C93-G68

A88-U55

C90-G62

A79-U74

C59-G58

A88-C64

PR-IFIE(RESP) [kcal/mol]

ES(RESP)

H. Doi et al., to be submitted. / CRISPR-CjCAS9 - PDB-ID:5X2H; M.Yamada et al., Mol. Cell 65 (2017) 1109. 

U56

A89

G62

-10.8
(-17.0)

-8.5
(-17.6)

0.8
(3.0)

A86

U65

A53

-2.9
(-1.9)

-7.4
(-14.8)

-0.4
(-0.6)

ES IFIE

Hoogsteen

2026/6/11

DNA/RNA/
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K. Akisawa et al., Chem. Lett. 54 (2025) upaf030. 

2026/6/11

2
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S. Tsushima et al., Chem. Comm. 60 (2024) 479.

UO2
2+

/ hp220229 .
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S.Tanaka et al., Chem. Phys. Lett. 556 (2013) 272.
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IFIE#5

-50

50
( )

kcal/mol

IFIE E1 vs HA SIFIE E1 vs HA

ESQES: Glu-Ser-Gln-Glu-Ser

K. Kato et al., Chem. Phys. Lett. 629 (2015) 58.

FMO4 MD
SCIFIE
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AI for Science (AI4S)
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Perplexity
PDF

Perplexity
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#1

H. Doi et al., Jpn. J. Appl. Phys. 64 (2025) 077001.

FMO
RF

Chignolin 100 70
FMO-MP2 6-31G*

3-21G
6-31G* R2 0.9 1/3
cc-pVDZ 1/5
3-21G sp GPU
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 Ὀ

 Ὀ
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Ὀ Ȣ

#2

Structural parameter Ref,; H. Doi et al., Jpn. J. Appl. Phys. 62 (2023) 070901. 
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#3

Asp3 Pro4 Glu5 Thr6 Gly7 Thr8 Trp9 Gly10

Gly1 0.88 (0.05) 0.75 (0.04) 0.90 (0.05)

Tyr2 0.45 (0.06) 0.73 (0.07) 0.58 (0.14) 0.84 (0.05) 0.72 (0.09) 0.81 (0.05)

Asp3 0.90 (0.02) 0.89 (0.06) 0.87 (0.06) 0.79 (0.06) 0.73 (0.09) 0.95 (0.04)

Pro4 0.72 (0.05) 0.84 (0.06) 0.86 (0.04) 0.92 (0.02)

Glu5 0.45 (0.08) 0.87 (0.06)

Thr6 0.69 (0.09) 0.90 (0.05)

Gly7 0.11 (0.10)

Thr8 0.27 (0.15)

IFIE / cc-pVDZ / DStr+DMP2

Asp3 Pro4 Glu5 Thr6 Gly7 Thr8 Trp9 Gly10

Gly1 0.93 (0.05) 0.90 (0.04) 0.89 (0.04)

Tyr2 0.66 (0.06) 0.90 (0.03) 0.65 (0.11) 0.90 (0.03) 0.77 (0.07) 0.93 (0.01)

Asp3 0.95 (0.01) 0.89 (0.07) 0.95 (0.01) 0.89 (0.02) 0.86 (0.05) 0.95 (0.04)

Pro4 0.93 (0.02) 0.88 (0.06) 0.91 (0.02) 0.96 (0.02)

Glu5 0.85 (0.06) 0.89 (0.07)

Thr6 0.89 (0.03) 0.93 (0.06)

Gly7 0.72 (0.07)

Thr8 0.85 (0.06)

IFIE / 6 -31G(d) / DStr+DMP2

5 RESP LJ
6-31G(d) 1/3

R2 
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FMODD FMODB#1

https://drugdesign.riken.jp/FMODB

https://drugdesign.riken.jp/FMODB

Å DB
Å G FMODD

Å87,239 (32,030 PDB)

Å Web IFIE
ÅFMO

ÅFMODB ID

ÅPDB ID

ÅUniProt ID

COVID-19

ᶙ ᵫ◐

ЌрОϼלṁ Т϶˔иЖʿ6,000
зϹрЖὉʿ5,000
AlphaFold ʿ20,000
› ʿ ( ˣ

D. Takaya et al., J. Chem. Inf. Model. 61 (2021) 777. &
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FMODD FMODB#2

&

2

PDB ą FMO
FMODB ᶱ ᵷᶅᴲ ᶊ

3 ᶊḟḴḁḲḲᴻḁ

https://drugdesign.riken.jp/FMODB/

2023 1 ᶆ 1Ǝ0 ᶍ
ḇḻḙ᷄ ᶍ865 ᶍ ᶍ
FMO ᶱוֹ

nsp3 nsp5

nsp12 nsp13

nsp15 nsp16 SN

RNA

K. Fukuzawa et al., J. Chem. Inf. Model. 61 (2021) 4594.
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SCOP2

SCOP2 database Ref.;  D. Takaya et al., Sci. Data. 11 (2024) Art. No. 1164. 

cc-pVDZ6-31G**6-31G*

CYS, CYS_CYS

MET
PRO
TRP

 3 , 3-21G
: XGBoost

Å SCOP2 5 MP2
Å (CYS_CYS, CYS, MET, PRO, TRP)
Å GLY-CYS_CYS 0.31, PRO-CYS_CYS 0.33, CYS-CYS_CYS 0.47, TYR-CYS_CYS 0.78
Å CYS_CYS TYR, CYS, HIS
Å 3 R2 > 0.78

R2 < 0.95
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FMO #1

FMO ᶇ᷅ḱḝḓḭᴻḱḳḕḋḐḷᴻ᷄ᶱוֹ ᵣᵾFMO ḥḎḻ᷿ḫḳ(FMO - NNP) ᶍ

Ḣḟḉḑֹוֹ L֩ue - enkephalin ֪ᶍFMO - NNP ᶊᶧᶪ

ᶊᶧᶪMD ֹ

᷊ḻḟḲḻ᷅

ḥḎḻ᷿ḫḳᶍ ֹ

FMO ᶍᶽḕḳ᷃ᴻᴴ ᶍ
ḥḎḻ᷿ḫḳᶊᶧ MᶅD

FMO ᶊ ᵸᶪ ᶆḒḖ (ns) ᶍ↨ ᶉMD ᵫּס ᶊ¨

MD ᶍFMO - NNPᶊᶧᶪᶽḕḳ᷃ᴻ FMOᶇᶍ E֩: 0.01 au, F: % ᶍ ֪

86 atoms, 500 K, 1.0 ns

&K. Kato et al., J. Chem. Inf. Model. 60 (2020) 3361. / .
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FMO #2

·ᶉ ᶍ ᶇ ᵩᶧᶒ ᵶᵾḢḟḉḑ ᶱ ḏᴻḇᶇᵶᵾFMO - NNP ᶍ

ֹוֹ ᶍ ᶊ ᵸᶪ FMO - NNP ᶱ ᵶᵾ ᷿ḧḭḴᴻ᷿ḯḻ

ᶍᶷḱḓḻḀḢḟḉḑֹ ᶷḧḖ ᶱ MɜDᶍLeu - enkephalin ֹ ᶆᶍMD ᶡּס

MD ᶍFMO - NNPᶊᶧᶪᶽḕḳ᷃ᴻ MD ᶍFMO - NNPᶊᶧᶪᶽḕḳ᷃ᴻ
1,070 atoms, 310 K, 1.0 ns 577 atoms, 310 K, 1.0 ns

ÚḢḟḉḑ ᶊ ᵸᶪ ḥḎḻ᷿ḫḳᶍ᷄ḱḁḇᶇ Ḣḟḉḑᶱ ᶟ ᶆ ᶍMD ᶱּס ᶊ

᷄ḱḁḇ Ḣḟḉḑ

Ḣḟḉḑ

&
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>C=O #1

Â : Python 3.9.4

Â : ABINIT -MP

Â

Dashboard SARASA

R.Yoshine et al., Chem. Lett. 55 (2026) upaf238. 

MD-FMO
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Â MOE

(I, J) (J, I)

MOE (alert score ḷ0.5)

>C=O #2


