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2017 10

NEC LX 406Rh-2 LX 110Rh-1 LX 108Th-4G 3

NEC LX 406Rh-2 DDN SFA14KXE

DDN ExaScaler (Lustre) Intel Omni Path (100Gbps)

P100 GPU

NEC LX
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3.2. 

(jobtype ) 1 /
GPU

cclx

PN 
(large) ccnf 18.8GB/ 1 10

40 400

300
100
30
10
10

4000/72 
2560/48
1600/30
960/16
320/12

300
100
30
10
10

4000
2560
1600
960
320

PN 
(small) 

ccnn
ccnf 4.4GB/ 1 32

40 1280

PN 
(core) 

cccc
ccca 4.8GB/ 1 36

PN
(gpu,gpup)

ccca 7.3GB/

1 48GPU
1 12 /GPU

PN
(gpuv)

1 8GPU
1 3 /GPU

1

526 OmniPath

5 ccnn 526

1 small ccnf

1 4-18 core ccca

core, gpu, gpup, gpuv

ccca GPU P100 V100

P100 gpup V100 gpuv gpu

P100 V100

1

cclx ( ) 4.4GB/
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3.3. 

CPU CPU

CPU GPU

CPU GPU

cclx

(jobtype=large)
42 / ( /( * )) - 

cclx

(jobtype=small)
28 / ( /( * )) - 

cclx

(jobtype=core) 
1.0 / ( /( * ))

cclx

(jobtype=gpu, gpup) 
1.0 / ( /( * )) 10 / ( /(GPU* ))

cclx

(jobtype=gpuv)
1.0 / ( /( * )) 15 / ( /(GPU* ))

ccfep, ccgpuv CPU CPU (ccgpuv 2019/7 ) 

ccgpup CPU (ccgpup 2019/10 ) 

CPU
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4.
4.1.

CPU

 

ABINIT A package for material science within density functional theory, using a plane wave basis set 
and pseudopotentials. 

ABINIT-MP A software for fast Fragment-Molecular-Orbital (FMO) calculations. 
AlphaFold AI program for predictions of protein structure. 
AMBER A package of molecular simulation programs.
AutoDock Suite of automated docking tools. 
CP2K A quantum chemistry and solid state physics software package. 
CRYSTAL General-purpose programs for the study of crystalline solids. 
DCDFTBMD Huge-system quantum mechanical molecular dynamics simulation program 
DIRAC Computes molecular properties using relativistic quantum chemical methods (named after P. A. 

M. Dirac). 
GAMESS General atomic and molecular electronic structure system.
Gaussian Ab initio molecular orbital calculations.
GENESIS Molecular dynamics and modeling software for bimolecular systems such as proteins, lipids, 

glycans, and their complexes. 
GROMACS Fast, Free and Flexible MD
GRRM Automated Exploration of Reaction Pathways.
LAMMPS Large-scale Atomic/Molecular Massively Parallel Simulator. 
Molpro A complete system of ab initio programs.
NAMD A scalable molecular dynamics program.
NBO/NBOView Discovery tool for chemical insights from complex wave functions. 
NTChem A comprehensive new software of ab initio quantum chemistry made in AICS from scratch. 
NWChem Computational chemistry tools that are scalable both in their ability to treat large scientific 

computational chemistry problems 
OpenMolcas Quantum chemistry software 
ORCA An ab initio quantum chemistry program package 
PSI4 An open-source suite of ab initio quantum chemistry programs designed for efficient, high-

accuracy simulations of a variety of molecular properties. 
Quantum 
ESPRESSO

An integrated suite of Open-Source computer codes for electronic-structure calculations and 
materials modeling at the nanoscale.

Reaction Plus Program to obtain the transition state and reaction path along the user’s expected reaction 
mechanism. 

SIESTA Efficient electronic structure calculations and ab initio molecular dynamics simulations of 
molecules and solids

SMASH Scalable Molecular Analysis Solver for High performance computing systems 
TURBOMOLE One of the fastest programs for standard quantum chemical applications.
GaussView A viewer for Gaussian
Luscus A portable GUI for Molcas and other chemical software 
Molden A visualization program of molecular and structure.
VMD Molecular graphics viewer
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5,348,425

450,944

100

664 100

734 100

710 100

734 100

100

Type-NN

734734 100

710 99

699 100

720 100

734

662662 100

Type-CC

664 100

734 100

710 100

734 100

734 100

710

100

734 100

8,567 1008,569 100

Type-CA

662 100

734 100

710 100

734 99

734 99

710 99

699 100

720 100

734 99

734 100

100

734 99

734 100

100

100

662 100

734 100

8,569 100

100

699 100

720

710 100

699 100

100

99

734

734

99

664 100

720

734

100

734 100

Type-NF

100

8,569

450,079

426,461

433,106

3

2

2022 1

12

9

8

11

10

405,956

433,278

100

662 100

734 100

734

710

734

466,554

7

6

5

2021 4

480,400

457,727

444,680

441,671

457,569

0 0

2 3

21

0 0

9 56

278 1,192

0

650,000

1,408,000

0

23,300,000

411,356,806

0

650,000

1,154,560

CPU

253 1,085

13 46

255,100,313

41,928,900

344,069,906

41,928,900

0

23,300,000

322,133,773

195,848,026

29,826,356

0

208,566

1,077,664

0

5,916,198

232,876,810

- 11 -



2,378

792

1,071

1,396

2,437

1,825

857

865

16,099

Type-NF Type-NN

7,398,524 811,331,5973787 37,698,135

GPU

98,002 70

67,728 50

111,145 83

124,111 90

Type-CA *

51,491 41

123,598 88

118,209 87

127,704 91

141,410 100

95

692,246

795,021

656,255

95

95

79

80 121,558 86

117,608 93

129,033 9280

573,536 34

3,315,751

3,348,434

3,254,996 86

3,355,776

45

27

36

45

47

81

86

81

616,25867

83

39

50

594,919 36

758,208

463,527

81

811,986

587,365

56,541

35,476

12

1,046,251

75

84

79

84

81

483,849 66

542,036 75

563,898 75

84

86

9421,605,116

Type-CA

77

8 254,096

9 411,496

20,068

125,232

43,974

36,396

10 423,522

11 327,174

247,640

71,014

6,389,960

2 711,453

3 743,962

120,149550,655

2022 1 1,938,556

6 401,976

7 224,025

6,321

27,838

20,930

16,136

373,920

178,818

805

1,233

2021 4 180,737

5 280,341

20,427

18,067

51,723

51,356210,452

1,974

466

11

10

9

8

7

6

3

2

2022 1

12

2021 4

5

Type-CA *

217,269 14

631,936 37

33

558,860 73

*

63

54

Type-NF *

229,782

*Type-NN

CPU

15,897,610

19,601,577

Type-CC

2,408,400

2,261,783

2,738,000

3,492,491

3,422,708

3,497,638

3,250,139

3,352,017

169,864 23

308,514 40

406,825 53

38

391,246

1,727,507

17,894,407

19,694,672

18,952,493

18,926,974

19,113,053

733,584 96

573,720 83

717,663 94

5,983,831 67

695,237 91

4,942,944

21,650,268

22,256,136

20,036,192

22,052,291

237,680,789

Type-CC

106,613

28,798

30,586

187,676

249,076

146,013

224,178

39,792

37,543

384,666

93

108,764

492,622

596,790

42,398

173,748
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PN large PN small PN core PN gpu Queue ETC

2021 4 142743:36:00 15984648:43:20 2468066:00:59 157602:59:09 18753061:19:28 0:00:00 18753061:19:28

5 516591:03:20 19643845:38:40 2263519:04:26 630199:57:40 23054155:44:06 0:00:00 23054155:44:06

6 154176:46:00 17910094:44:00 2820467:59:03 533789:41:30 21418529:10:33 0:00:00 21418529:10:33

7 230070:16:00 19773116:21:20 3799409:55:04 451289:10:30 24253885:42:54 0:00:00 24253885:42:54

8 390338:45:20 18968978:42:40 3614474:25:08 271760:43:03 23245552:36:11 0:00:00 23245552:36:11

9 439145:24:40 18971677:18:40 3821805:34:22 263197:09:11 23495825:26:53 0:00:00 23495825:26:53

10 506737:18:40 19148351:30:40 3528867:21:27 533257:53:22 23717214:04:09 0:00:00 23717214:04:09

11 482651:56:00 21686362:07:20 3452247:15:01 494688:37:02 26115949:55:23 0:00:00 26115949:55:23

12 612921:30:40 21732582:41:20 3453029:18:59 518977:13:38 26317510:44:37 0:00:00 26317510:44:37

2022 1 583082:36:00 22406637:22:00 3509344:07:51 412625:50:15 26911689:56:06 0:00:00 26911689:56:06

2 506036:18:40 20103875:52:40 3492271:53:53 454970:03:10 24557154:08:23 0:00:00 24557154:08:23

3 613844:26:40 22156109:03:20 3431136:56:05 719659:48:19 26920750:14:24 0:00:00 26920750:14:24

5178339:58:00 238486280:06:00 39654639:52:18 5442019:06:49 288761279:03:07 0:00:00 288761279:03:07

PN large PN small PN core PN gpu

2021 4 101 22,300 110,109 48,227 180,737

5 267 18,266 210,464 51,344 280,341

6 613 21,122 374,910 5,331 401,976

7 253 17,116 192,337 14,319 224,025

8 296 46,056 191,948 15,796 254,096

9 460 36,728 281,533 92,775 411,496

10 550 29,319 155,778 237,875 423,522

11 748 31,234 242,339 52,853 327,174

12 557 58,421 394,240 39,404 492,622

2022 1 325 36,976 1,745,300 155,955 1,938,556

2 207 40,442 557,633 113,171 711,453

3 153 38,255 598,715 106,839 743,962

4,530 396,235 5,055,306 933,889 6,389,960
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a

b

d

a

b

d

a
b
c
d

( ) 1,087 6,071 6,553 6,721 6,305 6,170 6,316

CPU b,c    
         ( )

509 2,405 5,405 6,320 8,205 8,489 8,508

CPU
        ( )

(200H ) (200H ) (200H )

234

1986

M-680H

S-810/10

CPU b,c    
         ( )

12,770 20,092 / 5,023

6,016 6,368

CPU
         ( )

(200H ) (200H  / M-680H )

278,956

1987

M-680H

( 1 )

S-810/10

(2 )

S-820/80

213

143

520

663

6,624

6,444

(M-680H )

207

13,053

10,091

14,799

10,768

(200H ) (200H )

330 375

110

446

556

102

426

528

198

469

11,938

10,141

(200H ) (200H )

1983

M-200H

2

199

1984

M-200H

2

M-680H

S-810/10

160

70 69 91 94

254 325

929

M-200H

2 M-180 M-180 2

1988

10,418

231

211

( )

1985

( 11 )

(1 )

1981

176 192 183

421

4,666 11,033 10,230

8,306

M-200H

2

0

2 0 0 3

24 93

43 20 69920

1982

M-180 M-200H M-200H

1978

M-180

2

816 3,171 7,427

334 394

200H

1979 1980

63

48

107

155

1991

M-680H M-680H M-680H M-680H

41,521 155,980 183,840 214,847 239,771 226,727

118

0

202118 190

236,519

1989 1990

3

185

100

0

S-820/80 S-820/80 S-820/80 S-820/80

33,832 / 8,458 12,439

137 146 140 158

544 593 623

14,694 16,622 20,606

272239 256

6,091 5,694 6,768 6,749

(M-680H ) (M-680H ) (M-680H ) (M-680H )

218 248 229

7

0 0 0 0

3 0 0

278,104 253,418 2,955,038 346,987

515

652 690 733 781

12,347 14,626

7,872 8,300 11,975 11,874

17,846

206

274,431

12,080

39

1

226

130

464

594

141

496

637

15,536

0

28,184 / 7,046

237

289,915

4

1

223

9,880

7,978

- 18 -



a

M-680H 6,689 M-680H 5,722 SX-3/34R 8,352 SX-3/34R 8,425 SX-3/34R 8,494 SX-3/34R 8,579 SX-3/34R 6,365 VPP5000 8,234

SX-3/34R 2,101 SX-3/34R 8,506 HSP  8,293 HSP 8,431 HSP 8,513 SX-5 8,587 SX-5 8,301 SGI 8,319

HSP 2,133 SP2 8,333 SP2 8,336 SP2 8,515 SP2 8,574 SP2 8,375 SX-5 8,496

SP2 2,022 HPC 4,872 HPC 8,501 HPC 8,590 HPC 8,363 SP2 8,492

SR2201 3,561 SR2201 8,694 SR2201 8,381 HPC 8,490

Origin2000 3,570 Origin2000 8,380

CPU
( )

b

d

a

VPP5000 8,492 VPP5000 8,506 VPP5000 8,553 VPP5000 8,502 VPP5000 8,462 VPP5000 1,402 Altix4700 8,245 Altix4700 8,087 Altix4700 8,319

SGI 8,422 SGI 8,324 SGI 8,545 SGI 8,496 SGI 8,492 SGI 1,400 PRIMEQUEST 8,304 PRIMEQUEST 8,486 PRIMEQUEST 8,536

SX-5 8,558 SX-5 8,391 SX-7 8,524 SX-7 8,451 SX-7 8,492 Altix4700 6,196 SX-7 7,098 SR16000 8,261 SR16000 8,454

SP2 8,555 SP2 7,118 TX-7 8,525 TX-7 8,489 TX-7 8,501 PRIMEQUEST 6,336 TX-7 7,088

HPC 8,555 HPC 8,386 SX-7 8,399

TX-7 8,398

CPU
( )

b

d

a
b
c
d

CPU b,c    
                   ( )

678,128 2,030,643 1,785,877 1,762,818 1,992,205 4,384,464 6,307,008

(M-680H ) (M-680H ) (M-680H ) (HSP ) (HSP ) (HSP ) (HSP )

CPU b,c    
                   ( )

12,491 16,306 24,781 156,076 207,790 262,365 273,575

(SP2 Thin ) (SR16000 )

SP2

14

152

PRIMEQUEST(7 )

44

145

(5 )

HPC

Origin2000(10 )

SX-7(1 )

SX-5(3 )

SR2201

Altix4700

704

45,173

58,650

735

TX-7

78,130

1,005,486

918,737

595

702,270

0

18

0

(SP2 Thin ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 )

0

510

0

368,136

28,968 19,896

( )

SR2201

Origin2000

149,342

22

140,250

648

1,224,945

1,199,620

604

251,785

PRIMEQUEST

TX-7(1 )

VPP5000(5 )

SGI2800,Origin3800

321,796

15

119

0

PRIMEQUEST

SR16000SR16000

539

166

347

156

101

(SP2 Thin )

239,671

302

Altix4700(7 )

59

589

141

40

SR16000(3 )

551

188 186

TX-7

302

TX-7

HPC

144

341,788

0

234,866

4

55,522

2000

2001

SGI2800,Origin3800

SX-3/34R

VPP5000

1998 1999

SX-3/34R

(12 )HSP SGI2800,Origin3800

PRIMEQUEST

138

566

13

174

664

0

125

67,159

VPP5000

40,697

SX-5

SX-5

HPC

79,964

VPP5000

SP2 SP2

SX-5

SP2

SGI2800,Origin3800

SX-5

SP2

2007

391

HPC

2008

Altix4700

2009

Altix4700

635

534

249,405

18

209,393

70,680

479

278,177

148

100

229,401 277,697

449

538

0

504

237,872

583

89

HPC

347

0

49

635

1,433,895

104

SGI2800,Origin3800

SX-7

2002 2003 2006

267

TX-7

10

(SP2 Thin )

619,294

1,412,981

171

VPP5000

97,78876,804

306 331

0

3

414,643

573599

11

107,194

533

20

0

196

653,468

58,784

0

5

149,177

281

4 4 21

284 205 214

12,579,635 11,954,215

(SR16000 )

0

58,685

282

0

0

297,638

21,153

19,110

804

143

661

7,156

S-820/80

1992

M-680H

16,027

227,650

S-820/80( 12 )

SX-3/34R(1 )

225

18,311

589

716

1993

M-680H

271

1995

10

1994

M-680H( 11 )

SX-3/34R

HSP(1 )

SP2(1 )

222

139

601

740

21,781

19,393

127

40,358

7

129

726

1997

SP2

SX-3/34R

HSP

1996

HPC(9 ) HPC

SR2201(11 )

SP2

SX-3/34R

HSP

154 132

SX-7

684

201

713

574

15

51,499

58,425

70,308

126

73,910

51,738

210

37,446

84,102

188

609

275

480516

3083

SX-7SX-7

SGI2800,Origin3800SGI2800,Origin3800

VPP5000VPP5000

20052004

139

1

( )

279

0

SX-3/34R

HSP(1 )

SP2(1 )

597
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a

Altix4700 8,513 Altix4700 7,148 SR16000 7,904 PRIMERGY 8,482 PRIMERGY 8,561 PRIMERGY 8,588 PRIMERGY 8,576 PRIMERGY 4,251

PRIMEQUEST 8,567 PRIMEQUEST 7,180 PRIMERGY 8,444 UV2000 8,037 UV2000 8,574 UV2000 8,470 UV2000 8,530 UV2000 4,262

SR16000 8,576 SR16000 8,752 UV1000 8,338 PRIMEHPC FX10 7,875 PRIMEHPC FX10 8,547 PRIMEHPC FX10 8,600 PRIMEHPC FX10 8,577 PRIMEHPC FX10 8,519

PRIMERGY 1,412 PRIMEHPC FX10 8,558 NEC LX 4,209

UV1000 1,412

PRIMEHPC FX10 1,428

CPU
( )

CPU b
( )

b

d

a

PRIMEHPC FX10 4,392 NEC LX 8,402 NEC LX 8,568 NEC LX 8,569

NEC LX 8,525

CPU
( )

CPU b
( )

b

d

a
b
d

1,841,463

15

0

252

271

57

1086

1143

-

394,146,128

356,884,313

304,254,227

2020

NEC LX

PRIMEQUEST(1 ) PRIMERGY UV2000 UV2000 UV2000 UV2000

2016

Altix4700 Altix4700(1 ) SR16000(2 ) PRIMERGY PRIMERGY PRIMERGY PRIMERGY

PRIMEQUEST

2010 2011 2012 2013 2014 2015

PRIMEHPC FX10  

PRIMERGY (2 ) PRIMEHPC FX10  

SR16000 SR16000 UV1000 PRIMEHPC FX10  PRIMEHPC FX10  PRIMEHPC FX10  

PRIMEHPC FX10         
                 (2 )

UV1000(2 )

170 190 213 204 214 235 234

49 43 49 39 63 46 50

( )

(SR16000 ) - - - -

816

666 688 807 786 836 844 866

617 645 758 747 773 798

- -

1,712,430 1,738,115 8,007,910 13,388,725 14,299,976 176,636,204 251,118,128

213,838,230

12,232,544 14,958,012 50,685,364 90,703,069 95,012,014 102,022,406 113,368,880

1,581,450 1,675,950 7,832,630 12,841,960 14,147,404 171,317,964

24 36 29

143,132 204,864 496,719 516,481 979,108 705,470

2017

PRIMERGY(9 )

UV2000(9 )

PRIMEHPC FX10  

NEC LX(10 )

0

193 231 257 260 253 210 253

0 0 1 0 0 0

1,055,412

15 22 21 32

0

292,639,800

272,486,299

328

PRIMEHPC FX10         
         (9 )

2018

NEC LX

253,788,270
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869

914

-

264,312,932

9

307,426,854

0

( )

985

248

52

933

-

2019

268

2,520,856

0

314

NEC LX

51

997

1048

-

362,766,273

331,660,029

301,854,255

5,494,831

2324

368

2021

NEC LX

6,389,960

29

0

234

278

49

1143

1192

-

411,356,806

322,133,773

288,761,279
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8-4　計算科学研究センター
計算科学研究センターは，2000 年度に分子科学研究所の電子計算機センターから岡崎共通研究施設の計算科学研究

センターへの組織改組が行われ，現在は分子科学研究所，基礎生物学研究所，生理学研究所の３研究所により運営さ

れている。従来の共同利用に加えて，理論，方法論の開発等の研究，さらに，研究の場の提供，ネットワーク業務の

支援，人材育成等に取り組んでいる。2021 年度においても，計算物質科学スーパーコンピュータ共用事業や各種スクー

ルの開催をはじめとした様々な活動を展開している。ここでは共同利用に関する活動を中心に，特に設備の運用等に

ついて記す。

2022 年３月現在の共同利用サービスを行っている計算機システムの概要を示す。本システムは，旧来「超高速分子

シミュレータ」と「高性能分子シミュレータ」の２システムから構成されてきたが，2017 年 10 月の更新以降「高性

能分子シミュレータ」の１システムに統合した。本シミュレータでは，いずれも量子化学，分子シミュレーション，

固体電子論などの共同利用の多様な計算要求に応えうるための汎用性があるばかりでなく，ユーザーサイドの PCク

ラスタでは不可能な大規模計算を実行できる性能を有する。

高性能分子シミュレータは，主として日本電気製の LXシリーズで構成される 1077 ノードの共有メモリ型スカラ計算

機クラスタであり，全サーバは同一体系の CPU（Intel Xeon）および OS（Linux 3.10）をもとに，バイナリ互換性を保ち

一体的に運用される。システム全体として総演算性能 4.24 PFlopsで総メモリ容量 222 TByte超である。LXシリーズのク

ラスタは運用形態を念頭に置いて２タイプから構成されている。１つは TypeNと呼ぶノード単位の利用形態向けクラス

タで，2.4 GHzのクロック周波数を持つ 40 コア，192 GBメモリ構成のノード 794 台と，メモリ構成を 768 GBに強化し

た 26 台からなる PCクラスタである。もう１つは TypeCと呼ぶコア単位の利用形態向けクラスタで，3.0 GHzのクロック

周波数を持つ 36 コア，192 GBメモリ構成のノード 159 台と，24 コアに GPGPUを２基搭載した演算性能を強化したノー

ド 98 台からなる PCクラスタである。インターコネクトは，Omni-Pathアーキテクチャを採用し，全台数を 100 Gb/sで相

互接続しており，大規模な分子動力学計算などノードをまたがる並列ジョブを高速で実行することができる。これら PC

クラスタは 9.4 PBの容量を持つ外部磁気ディスクを共有し，Lustreファイルシステムを構成している。

ハードウェアに加え，利用者が分子科学の計算をすぐに始められるようにソフトウェアについても整備を行ってい

る。量子化学分野においては，Gaussian 16，GAMESS，Molpro，Molcas，TURBOMOLE，分子動力学分野では，

Amber，NAMD，GROMACSなどがインストールされている。これらを使った計算は全体の 1/3 強を占めている。

共同利用に関しては，2021 年度は 278 研究グループにより，総数 1,187 名（2022 年２月現在）におよぶ利用者がこ

れらのシステムを日常的に利用している。近年，共同利用における利用者数が増加傾向にあり，このことは計算科学

研究センターが分子科学分野，物性科学分野，生物物理分野において極めて重要な役割を担っており，特色のある計

算機資源とソフトウェアを提供していることを示している。また最近は，錯体化学分野や有機化学分野など幅広い分

野の研究者の利用も増加している。

計算科学研究センターは，国家基幹技術の一つとして位置づけられているスーパーコンピュータ「富岳」成果創出

加速プログラム，科学技術人材育成のコンソーシアムの構築事業「計算物質科学人材育成コンソーシアム」，元素戦

略プロジェクト＜研究拠点形成型＞とも連携を行っている。これら３つの大規模並列計算を志向したプロジェクトを

支援し，各分野コミュニティにおける並列計算の高度化へさらなる取り組みを促すことを目的として東北大学金属材

料研究所，東京大学物性研究所，自然科学研究機構分子科学研究所が共同で「計算物質科学スーパーコンピュータ共

用事業（SCCMS）」を運営しており，2021 年度はこれらプロジェクトにコンピュータ資源の一部（10%以下）を提供・

協力している。さらに，ハード・ソフトでの協力以外にも，分野振興および人材育成に関して，計算科学研究センター
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ワークショップ「生体分子の構造・機能・デザインの計算科学」と２つのスクール「第 11 回量子化学スクール」と「第

15 回分子シミュレーションスクール̶基礎から応用まで̶」を開催した。また，東北大学金属材料研究所，東京大学

物性研究所，大阪大学ナノサイエンスデザインセンターと協力し，我が国の最先端の計算物質科学技術を振興し，世

界最高水準の成果創出と，シミュレーション技術，材料情報科学技術の社会実装を早期に実現するため，計算物質科

学協議会を設立・運営し，分野振興を行っている。

2021 年度　システム構成

高性能分子シミュレータシステム 4.24 PFlops

クラスタ演算サーバ TypeN
型番：日本電気 LX 2U-Twin2 サーバ 406Rh-2
ＯＳ：Linux
コア数：31,760 コア（40 コア× 794 ノード）2.4 GHz
総理論性能：2,439 TFlops（3,072 GFlops× 794 ノード）
総メモリ容量：152 TB（192 GB× 794 ノード）

クラスタ演算サーバ TypeNF（メモリ強化）
型番：日本電気 LX 1Uサーバ 110Rh-1
ＯＳ：Linux
コア数：1,040 コア（40 コア× 26 ノード）2.4 GHz
総理論性能：79 TFlops（3,072 GFlops× 26 ノード）
総メモリ容量：19 TB（768 GB× 26 ノード）

クラスタ演算サーバ TypeC
型番：日本電気 LX 1Uサーバ 110Rh-1
ＯＳ：Linux
コア数：5,724 コア（36 コア× 159 ノード）3.0 GHz
総理論性能：549 TFlops（3,456 GFlops× 159 ノード）
総メモリ容量：30 TB（192 GB× 159 ノード）

クラスタ演算サーバ TypeCA（演算性能強化）
型番：日本電気 LX 4U-GPUサーバ 108Th-4G
ＯＳ：Linux
コア数：2,352 コア（24 コア× 98 ノード）3.0 GHz
総理論性能：226 TFlops（2,304 GFlops× 98 ノード）+ 944 TFlops（NVIDIA Tesla P100 × 192, V100 × 20）
総メモリ容量：19 TB（192 GB× 98 ノード）

外部磁気ディスク装置
型番：DDN SFA14KX
総ディスク容量：9.4 PB

高速ネットワーク装置
型番：Intel Omni-Path Architecture 100Gbps

フロントエンドサーバ
型番：日本電気 LX 2U-Twin2 サーバ 406Rh-2
ＯＳ：Linux
総メモリ容量：1,536 GB（192 GB× 8ノード）

運用管理クラスタ
型番：日本電気 Express5800/R120g-1M
ＯＳ：Linux
総メモリ容量：1,024 GB（64 GB× 16 ノード）
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Dynamic Structures of Biological Molecules Revealed by 
Spectroscopy, Quantum Chemical Calculations, and Molecular 

Dynamics Simulations

1

X Cryogenic

2

MD MD

Amber16 QM

MM QM/MM Gaussian16

3

CBCR

QM/MM

C15-E,syn

4

Unno, M., Kikukawa, T., Fujisawa, T., Hoff, W.D. 11th International Conference on Advanced Vibrational 

Spectroscopy

5

Okuda, Y., Miyoshi, R., Kamo, T., Fujisawa, T., Nagae, T., Mishima, M., Eki, T., Hirose, Y., Unno, M. 

J. Phys. Chem. B 126, 813-821 (2022)

Fujisawa, T., Nishikawa, K., Tamogami, J., Unno, M. J. Phys. Chem. Lett. 12, 9564-9568 (2021)

Unno, M., Hirose, Y., Mishima, M., Kikukawa, T., Fujisaewa, T., Tamogami, J. Biophys. Physicobiol. 18, 127-130
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Nagae, T., Unno, M., Koizumi, T., Miyanoiri, Y., Fujisawa, T., Masui, K., Kamo, T., Wada, K., Eki, T., Ito, Y., 

Hirose, Y., Proc. Natl. Acad. Sci. USA 118, e2024583118 (2021)
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FixL

Molecular mechanism of oxygen sensor protein FixL dimer

Tingting WANG

FixL X

CURP

[JPCB(2022)126, 3029]

(Invited Talk) Takahisa Yamato, “Network model of vibrational energy transfer in proteins”, Telluride Science 

Research Center Workshop on Protein Dynamics, (Online), Telluride, CO, USA, Jul. 15, (2021).

(Invited Talk) Takahisa Yamato, “Network model of vibrational energy transfer in proteins”, Pacifichem 2021, 

Symposium #200 Biomolecules at interfaces defining the cellular environment: From conformational dynamics to 

informatic approaches. (Online) Hololulu, HI, USA. Dec. 16-17, (2021)
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Theoretical study on the control and application of photochemical reactions
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Theoretical Studies on Vibronic Couplings

1
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(DFT) B3LYP/6-311G(d,p) DFT

Gaussian16

3
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Pd NO

(2022). 

5

[1] Masaki Takahashi, Nozomu Ito, Naoki Haruta, Hayato Ninagawa, Kohei Yazaki, Yoshihisa Sei, Tohru Sato, Makoto 

Obata, Commun. Chem., 4, 168 (2021).
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Theoretical study on formation of interstellar complex organic 
molecules
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. CO . CO

NH2 , 0.23 eV , 0.30 eV . 

AIMD HCO NH2 ,

400 fs 2 NH2CHO 

( 2). 3 NH2CHO

. 4

HCO NH2 HCO 
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CO . NH2CHO 

. RRK NH2CHO 2.4 %

. Morisset . 

, CO HCO NH2 NH2CHO , NH2CHO
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4
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,2021 9

, , , 15 ,2021 9

, , , , 77

,2022 3

Motomichi Tashiro, Noboru Sasao, Minoru Tanaka, “Generation of Twisted Gamma-Rays via Two-Photon 

Transition”, arXiv preprint, https://doi.org/10.48550/arXiv.2203.06988  2022 3

32CO
E b [eV]
192CO 32H2O

HCO 0.162 0.161 0.309
NH2 0.233 0.670 0.460
CH3 0.112 0.237 0.170

- 29 -



Theoretical study on the elucidation of the structure-property 
relationships for the novel -conjugated compounds
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Tani, Y.; Ogawa, T. Chem. Sci. 2021, 14363–14368. 

Modulating Room-Temperature Phosphorescence-To-Phosphorescence Mechanochromism by Halogen Exchange.
Takewaki, Y.; Ogawa, T.; Tani, Y.; Front. Chem. 2022, 9, 812593. 

20  antiaromatic isophlorins without metallation or core modification. Sugimura, H.; Nakajima, K.; Yamashita, K.;
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Investigation of the electronic properties of pi-cluster molecules

1

1 Folded

Twisted  

2

Gaussian16 (U) B97X-D

6-31G(d,p)  

3
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1, 8 , K3-1vn-07

101 2022  
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5

[1] T. Nishiuchi,* T. Kubo*, et al., J. Am. Chem. Soc., 144, 7479-7488 (2022).

[2] T. Nishiuchi,* T. Kubo*, et al., Chem. Eur. J., 28, e202200286 (2022).

[3] T. Nishiuchi,* T. Kubo*, et al., Chem. Commun., 58, 3306-3309 (2022).

[4] T. Nishiuchi,* T. Kubo*, et al., Chem. Eur. J., 28, e202104245 (2022).

[5] T. Nishiuchi,* T. Kubo*, et al., Aggregate, 2, e126 (2021).
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Cysteine persulfide Glutathione persulfide
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Fine Control of Molecular Metal Complexes and Multinuclear Clusters, 
and Elucidation of their Functions
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Energy 

diagram showing the frontier Kohn−Sham orbitals and energy values for 1 (left) and 2 (right), calculated at the 

B3LYP/Def2SVP level of theory (isosurface level: 0.04 e·au–3).

4. 18 5

L. Zhen, M. Endo, H. Ube, T. Shiraogawa, P. Zhao, K. Nagata, X.-Li Pei, T. Eguchi, T. Kamachi, M. Ehara, 

T. Ozawa, M. Shionoya* accepted.
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Molecular dynamics analysis of the nanocluster collision rate in gas

1

Fuchs Fuchs, J. Aero. Sci., 1963 Gopalakrishnan Li et al., J. Aero. 

Sci., 2020
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Structures and Properties of Non-planar Polycyclic Aromatic 
Hydrocarbons Containing Heteroatom
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21st Tetrahedron symposium, 2021 
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48 2021

"Deoxygenative Reaction for Tetraarylethanes, Tryarylmethanes, Diarylmethanes" Miki B. Kurosawa, Mizuho 

Watanabe, Kei Muto, Kenta Kato, Junichiro Yamaguchi, 13th AFMC International Medicinal Chemistry 

Symposium (AIMECS2021) PO-106 Online 11 29 12 2

"Synthesis of a Novel Triazolopyridinylidene Ligand toward Inert Bond Activation" Keiichiro Iizumi, Kenta Kato, 

Kei Muto, Junichiro Yamaguchi, 13th AFMC International Medicinal Chemistry Symposium (AIMECS2021) PO-
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3 25
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/ N-

102 K6-3am-15 3 25   

Hydrogenation and Borylation of Alkyl Chlorides using Zirconocene and Photoredox Catalysis Toshimasa 

Okita, Keisuke Tanaka, Kazuhiro Aida, Eisuke Ota, Junichiro Yamaguchi 102 K6-

1pm-02 3 23

"Synthetic Study toward Nosiheptide" Takashi Asako, Kazuma Amaike, Eisuke Ota, Junichiro Yamaguchi, 13th 

AFMC International Medicinal Chemistry Symposium (AIMECS2021) PO-127 Online 11 29 12 2

"Pd-Catalyzed Tandem Ester Dance/ Decarbonylative Coupling Reactions" Masayuki Kubo, Naomi Inayama, 

Eisuke Ota, Junichiro Yamaguchi, 13th AFMC International Medicinal Chemistry Symposium (AIMECS2021) PO-

109 Online 11 29 12 2

"Dechlorinative Functionalization of Alkyl Chlorides using Zirconocene and Photoredox Catalysis" Toshimasa 

Okita, Keisuke Tanaka, Eisuke Ota, Junichiro Yamaguchi, 13th AFMC International Medicinal Chemistry 
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Symposium (AIMECS2021) PO-105 Online 11 29 12 2

"Development of an Asymmetric Intramolecular Buchner Reaction of alpha-Diazoesters and Synthetic Study 

toward Pseudolaric Acid B" Takayuki Hoshi, Eisuke Ota, Junichiro Yamaguchi, 13th AFMC International Medicinal 

Chemistry Symposium (AIMECS2021) PO-103 Online 11 29 12 2

"Regioselective C O Bond Homolysis of Epoxides with Zirconocene-Photoredox Catalysis" Kazuhiro Aida, 

Marina Hirao, Aiko Funabashi, Natsuhiko Sugimura, Eisuke Ota, Junichiro Yamaguchi, 13th AFMC International 

Medicinal Chemistry Symposium (AIMECS2021) PO-98 Online 11 29 12 2

Chrono Chemical Biology of PHA and BML” Ami N. Saito, Tomoaki T. Takahara, Eisuke Ota, Norihito 

Nakamichi, Junichiro Yamaguchi, 13th AFMC International Medicinal Chemistry Symposium (AIMECS2021)
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Development of selective synthetic reactions by elucidation of reaction 
mechanisms using DFT calculations 
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Development of new functional organic dyes
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Calculation of metastable supramolecular structures created 
in a microflow field

1

Matoba, S.; Kanzaki, C.; Yamashita, K.; Kusukawa, T.; Fukuhara, G.; Okada, T.; Narushima, T.; 
Okamoto, H.; Numata, M. Directional Supramolecular Polymerization in a Dynamic Microsolution: 
A Linearly Moving Polymer’s End Striking Monomers, J. Am. Chem. Soc., 2021, 143, 8731-8746.
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Theoretical Studies of Light-Matter Interactions in Molecular Systems

Nguyen Thanh Phuc  

1  

This research project aims to study the physical and chemical properties of molecular systems in the presence of 

strong/ultrastrong coupling between molecules and light.  

2  

The quantum dynamics and two-dimensional spectroscopy were calculated based on the model Hamiltonian. 

3  

I have shown that a superreaction with the collective enhancement of the reaction rate can be realized in molecular 

polaritonic systems, and that quantum many-body interactions can be directly probed by the coherent 2D spectroscopy.  

4  

N. T. Phuc, Molecular polariton: from chemical reactivity control to superreaction 23  

N. T. Phuc, , 15 2021 . 

N. T. Phuc, Superreaction: the collective enhancement of a reaction rate by molecular polaritons in the presence of 

energy fluctuations, 2021 . 

  N. T. Phuc, Controlling exciton and charge quantum dynamics in condensed-phase molecular systems: from 

Floquet engineering to molecular polariton, Pacifichem 2021 . 

N. T. Phuc
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N. T. Phuc, Bose enhancement of excitation energy transfer with molecular-exciton polariton condensates, 
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N. T. Phuc, Superreaction: the collective enhancement of a reaction rate by molecular polaritons in the presence of 

energy fluctuations 102 2022  
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  N. T. Phuc and P. Q. Trung, Direct and ultrafast probing of quantum many-body interaction through coherent 

two-dimensional spectroscopy: From weak- to strong-interaction regimes, Phys. Rev. B 104, 115105 (2021). 

  N. T. Phuc, Super-reaction: The collective enhancement of a reaction rate by molecular polaritons in the presence 

of energy fluctuations, J. Chem. Phys. 155 014308 (2021).  
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Study for molecular orientation of functional groups in supramolecular 
nano-structures of glutamide derivatives

Gaussian 16

4,4’-
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International Chemical Congress of Pacific Basin Societies (Pacifichem 2020), Online, Dec. 2021. 

2. , , , , , , 

, 59 , , 2022 7
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Mechanistic studies on catalytic rearrangement reactions
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Theoretical research on reaction mechanisms in biomolecules
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Molecular simulations by generalized-ensemble algorithms
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Scheme 1. Ni(II)-H CF3

Scheme 2. Ni(II)-H CF3

 

Hay-Wadt Stuttgart-Dresden-Bonn (ECP)

split-valence triple-zeta

6-31G(d) 6-311G(d), cc-pVDZ, cc-pVTZ

d DFT Gaussian09

/ DFT

VASP  

3  
3.1 (II) CF3

F CF3 F

H defluorohydrogenation C(sp3)-F

(II) CF3

(Scheme 1)

Ni-H C=C

H

C-F

Scheme 2

H

Ni(II)

Ni-C C-F

Ni(II)-F PhSiH3

Si

Ni(II)-H

Ni closed-shell singlet triplet

Ni-F Ni-H

closed-shell singlet  

C-F Ni

singlet triplet

Pd(II)-H

Pd closed-shell singlet

 

Scheme 1(b)

C-F

spin Ni B. Zhu, 

S.Sakaki, ACS. Cat. 2021, 11, 10681−10693

- 63 -



Fig. 1. Energy change in NO dissociative adsorption 
on Fe55, Co55, Ni55, and Cu55particles

Table 1. Activation bariier (Ea), d-valence band 
top (d-top), d-valence band center, and M-N, 
M-O bond energies.

Scheme 3. All possible elementary steps in 
Pt-catalyzed O2 reduction reaction Fig. 2 Energy changes in O2 reduction on Co13@Pt42 core-shell particle 
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Fig. 3 CO adsorption energy and 
activation barrier vs. Ov formation 
energy 
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Theoretical study on dynamical properties of materials by quantum 
dynamics
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Theoretical study of the electronic structures of metalloprotein
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Theoretical and computational study on substitution effect for thermal 
stability and emission spectra of GSA 
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Fig. 1 Structure of ketoprofen 

Study of the structure and functions of biomacromolecules and functional materials using molecular 
dynamics and quantum chemical calculations - Photochemical reaction of ketoprofen with amid 

acid residues. 
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Fig. 2.  Snapshot of the stable structures for the 
complex R-(-)-KP-.(Ref. 1) 

KP HSA
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Fig. 3.  Snapshot of the stable structures for the 
complex S-(+)-KP-. (Ref. 1) 
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Theoretical Study on the Aggregation-Induced Emission
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Theoretical calculations of molecular functions of biomolecules and 
molecular assemblies 
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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First-principles study for formation and novel functions of nanostructures and 
layered structures 

Ab-initio
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Theoretical study of catalytic reaction systems
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Relation between functional expression and structure in protein 
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Development of Functions of Liquid Crystals Utilizing Dynamic 
Intermolecular Interactions Based on Molecular Motion
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Theoretical studies on photochemical processes in organic molecules
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Multicomponent quantum mechanics method to analyze H/D isotope 
effect including nuclear quantum effects
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Theoretical Study of Vibrational Relaxation Dynamics of Free OH and 
Hydrogen-Bonded OH at Air/Water Interface Via Ab initio Molecular

Dynamics Simulation
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First-principles study of impacts of charging on stability of metal 
nano-dots in organic molecular solids
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Haven
Comprehensive study on the ionic conductivity, internal mobility, and 

the Haven ratio in ionic liquids: ionic size dependence 
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Properties of Bowl-shaped aromatic compounds 
and studies on the catalytic activity of metal clusters
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Electronic trapping sites and polaron formation in TiO2 nanostructures

○Gergely Juhasz (Tokyo Institute of Technology) 

1 Introduction 

Titanium-dioxide is a common component of electrode surfaces and photocatalytic systems. Depending on the 

preparation, the oxide can be formed in different phases, shapes and morphology which can affect the selectivity and 

efficiency of the catalytic and photocatalytic reactions. Since the morphology and shape of the nanoparticles can be 

easily tuned with experimental conditions, this may offer a new, unexplored strategy to improve electrode properties. 

The goal of our computational studies is to understand better how charge carriers behave in these oxide nanoparticles. 

Charge carriers (both holes and electrons) tend to form polarons in oxide materials, which poses challenges for 

accurate simulations. We have performed the calculations with DFT using pure and hybrid functionals, which offer a 

relatively cheap simulation in non-periodic systems like our nanoparticle models.  

2 Methods 

2.1  Software: The calculations were performed using Density Functional-based Tight Binding (DFTB, software: 

DFTB+ ver 19.1) and DFT (software: TURBOMOLE, ver 7.4.1) methods. The DFTB calculations were performed 

using the mio+tiorg parameter sets. The DFT calculations were performed using def-SV(P) basis set, pure (PBE) and 

hybrid (PBE0, B3LYP) functionals. When it was relevant, DFT-D3(BJ) dispersion model was applied. We used dense 

(m4) grid for better SCF convergence; otherwise default convergence criteria were applied.     

2.2  Geometry optimization: The nanoparticle models were manually created and preoptimized using DFTB. 

Whenever it was possible, the model with highest possible symmetry were used. The models in closed-shell electronic 

state were optimized using pure DFT, which were followed by optimization of models with charge careers and using 

hybrid functionals. This was followed by the optimization of nanoparticle models with O vacancy and H- doped 

surfaces. The verification of the geometry stability using frequency calculation were not possible due to the large 

computational cost of the task and limited computational time.    

3 Results 

Following out original plans, we have optimized 4 nanoparticle models (NPs) as described in the methods. When we 

attempted the optimization of NPs with extra charge carriers, the convergence of the wavefunction and the optimization 

of the structure required longer calculational time than we it was originally planed. In this report I focus on the results 

on a small model, NP1 (Ti98O198H4, symmetry: C2h). 

When an extra negative (electron) or positive (hole) charge carrier is placed on NP1, this extra charge is unevenly 

distributed on the Ti and O atoms (Fig.1. left: the electron density difference due to an extra negative charge). This is 

partly due to the Coulomb repulsion of the extra charge on different atoms, and the possible localization of HOMO and 

LUMO orbitals. For an easy comparison, we relied on the Mulliken-charge difference between the charged and neutral 

states and have defined two variables, Δ+ and Δ-:  
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Figure 1. The geometry of NP1 with the electron density difference between negatively charged and neutral

nanoparticle (left), and the extra charge density calculated using different functionals (right, see explanation in 

M M
M M

Where M(0) represent the Mulliken charge of the neutral nanoparticle, and M(+)/M(-) are that of the positive (+1) and 

negative(-1) charged, respectively. The sign is defined that both an extra electron or a hole 

In Fig.1 (right) the Δ+ vs Δ- for NP1 is shown when calculated with pure and hybrid (PBE0 and B3LYP) functionals. 

The deviation from the diagonal (Δ+ = Δ-) clearly is due to the difference between HOMO and LUMO orbital 

localizations, which is more pronounced when hybrid functionals used. On atoms where LUMO largely localized,

electron trapping can be observed (Δ+ < Δ-), for atoms with HOMO localization, hole trapping can be observed (Δ+ > Δ-). 

In spite of the limitations of Mulliken charge, the excess charge (Δ+, Δ-) is a useful metric that we have also used to 

monitor the charge trapping sites due to protonation and oxygen vacancy in the anatase lattice.

4 Talks and Posters

[★] G. Juhasz, “Charge trapping in TiO2 nanoparticles” (oral, international), ECS, Atlanta, 2022.

[★] G. Juhasz, “Charge trapping and bandgap of TiO2 nanoparticles with different shapes“ (oral, international) 

MSE Congress, Darmstadt, 2022. 

5 Publications

[★] H Eguchi, K Kato, G Juhasz, M Yamauchi, “Selectivity enhancement in the electrochemical reduction of 

oxalic acid over titanium dioxide nanoparticles achieved by shape and energy-state control” Catalysis Science & 

Technology 11 (23), 7592-7597.

[★, in preparation] G. Juhasz, “Investigation of polaron formation and charge trapping in anatase-type TiO2

nanoparticles with DFT method using hybrid-functionals”
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Development of Radical Cationic 
Organometallic Molecular Wires and Switches
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Theoretical Studies on Structures and Reactivities of 
Metal Complexes with Multifunctional Ligands
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Gas-Phase Reaction Process of Biomolecules Investigated by Mass 
Spectrometry
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Creation of database on redox potential of metal complexes
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Statistical mechanics analysis for biomolecular functions 
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ACE2 RBD
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π

Design and synthesis of novel π-electronic ions which form functional 
assemblies
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In silico design of synthetic oligoamides binding to proteins
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Investigation of Structure and Infrared Spectra of Lanthanide/Minor 
Actinide Complexes by Quantum Chemical Calculations
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Quantum chemical calculation study on the molecular mechanisms of 
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Development of new materials and catalysts using theoretical 
calculation and machine learning 
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Computational catalyst design and analysis of
organic luminescent materials
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Design of catalysts applied to gas separation membranes and fuel cells 
by DFT calculations
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Mechanistic Investigations of Organic Reactions 
by Experimental and Theoretical Combination

Diels-

Alderase

DFT Gaussian 16 GRRM 14 Reaction Plus

ωB97X-D, M06-2X B3LYP IRC

3.1 KH

Nanyang Technological University

KH

DFT (@M06-2X/6-

311++G**/SMD(THF)// M06-2X/6-31+G*

1 KH

ΔG (kcal/mol)

15

10

5

0
INT1-N
(+0.0)

TSN-C
(+12.7)

INT1-C
(+8.6)

INT2-C
(+10.2)

TS1-C
(+14.2)

INT3-C
(–8.4)

INT2-N
(+4.6)

TS1-N
(+19.1)

INT3-N
(–1.7)

20

BnN

Kthf
N

Bn

2.87

H

H

K

NH2
thf

N
H2

Bn

Bn

3.05

2.75 2.75

3.11

2.99

BnN

Kthf
N

Bn

2.72

H

H

K

NH2
thf

NH2

Bn

Bn
2.98

2.73 2.69

Ph

2.08

Bn
N

K

thf

N
Bn

2.76

H

H

K
H2N thf

NH2

Bn

Bn

2.71

2.71 2.74
Ph

3.22

Bn
N

K
thf

N
Bn

2.75

H

H

K
H2N thf

H2N

Bn

Bn
2.67

2.74 2.68

2.94

Bn

N

K
thf

N
Bn

2.78

H

H

K
NH2 thf

NH2

Bn

C
2.89

2.71 2.70

Ph

H H

2.80

1.29

1.46

2.90

Bn
NH2

K
thf

N
Bn

2.79

H

K
NH2 thf

NH2

Bn

C

2.75 2.69

Ph H

2.72

2.79

Bn
NH2

K
thf

N
Bn

2.99

H

K
H2N thf

NH2

Bn

C

2.77 2.70

Ph

H

3.32
Ph

2.77

Bn

H2N
Kthf

N
Bn

3.01

H

K

H2N thf

NH2

Bn

C

2.74 2.70

Ph

H
3.08 Ph

2.31

2.95

Bn

H2N
Kthf

N
Bn H

K

H2N thf

H2N

Bn

C

2.72
2.81

Ph H

3.042.80

hydroamination hydroalkylation

Ph

Ph

Ph NH2

Ph N

H

[K]+
Ph N

H

H
[K]+ Ph

Ph N

H

Ph
Ph N

H

Ph

H

major

Ph

minor

- 333 -



3.2 o-TQ

3.3 o-TQ/Cu(I) π

3.4 Diels-Alderase

MD

Diels-

Alderase Phm7, Fsa2

Phm7

(@M06-2X/6-311+G**/CPCM(H2O))

Pang, J. H.; Wang, B.; Watanabe, K.; Takita, R.; Chiba, S. Helv. Chim. Acta 2021, 104, e2100120.

Fujiyama, K.; Kato, N.; Re, S.; Kinugasa, K.; Watanabe,K.; Takita, R.; Nogawa, T.;Hino, T.;Osada, H.;

Sugita, Y.;Takahashi,S.; Nagano, S. Angew. Chem. Int. Ed. 2021, 60, 22401-22410.

Yamashita,K.; Hirokawa, R.; Ichikawa, M.; Hisanaga, T.;Nagao, Y.;Takita, R.; Watanabe, K.; Kawato, Y.;

Hamashima, Y. J. Am. Chem. Soc. 2022, 144, 3913-3924.

Mino, T.; Yamaoka, T.; Watanabe, K.; Masuda, C.; Kasano, S.; Yoshida, Y.; Takita, R.; Kasashima, Y.;

Sakamoto, M. J. Org. Chem. 2022, 87, in press. (DOI: 10.1021/acs.joc.2c00588)

3

- 334 -



DNA

Creation of a new molecular system for highly efficient repair of UV-
damaged DNA in human
1 2 2 2 

1 2

1

(PLs) (CRYs) (FAD)

FAD PLs DNA

CRYs

PLs CRYs FAD CRYs DNA

CRY C DASH (CRY-DASH)

CRY-DASH PLs DNA

in vitro in vivo DNA

PLs FAD

PLs DNA

PLs PLs

DNA XP

XP

XP

PLs DNA

2

PLs DNA DNA

X PLs DNA

Base flipping Base flipping

Base flipping

PLs DNA PLs

CPD DNA (MD)

- 335 -



(MetaD) MD X

Steered MD DNA Steered MD

MetaD Base flipping DNA-PLs

Steered MD 30, 32, 35

MD Base flipping

MD GROMACS-5.1.4 MetaD GROMACS-5.0.4 PLUMED-2.4.0

3

CPD-PLs 1000

ns MetaD

CVs

1

0.88 rad 0.06 rad

base flip

MetaD

35 base 

flipping DNA base flipping

base flipping PLs

30 32 35

base flipping

500 ns MD 5

30 5 4

base flipping 500 ns

32 5 3 base flipping

500 ns 35

5 base flipping MetaD 35 base 

flipping 32 base flipping

PLs base flipping base flipping

PLs

- 336 -



4

5

- 337 -



Modeling interstellar radical species on ices 
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Simulation study of diffusion coefficient of bio-macromolecule under 
various thermodynamic state
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Development of Synthetic Methods and Novel Functionalities based on 
theoretical calculations
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Computational chemistry simulation of functional materials 
using nanocarbons and organic materials

,
Patrick Bonnaud
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Theoretical and laser spectroscopic investigations of structures and 
intermolecular interactions of molecular clusters: Structural analysis 

and reaction path search calculations of molecular clusters
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Molecular Dynamics Study on Functional Self-Assembled Soft 
Materials: Analyses of Water Transport Mechanism inside the One-,

Two-, and Three-Dimensional Nanochannel Networks
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Preparation and arrangement of pi-electronic systems including ionic 
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Molecular Dynamics Simulation of Sound-Wave Propagation near the 
Vapor-Liquid Phase Transition
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Solubility of proteins calculated by the integral equation theory; 
reconstruction of Hofmeister series
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solution: the intensification mechanism of the effective attraction caused by the translational motion of solvent 

particles “ A. Suematsu and R. Akiyama, The J. Chem. Phys.,

”Lateral depletion effect on two-dimensional ordering of bacteriorhodopsins in a lipid bilayer: A theoretical 
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Computations of Atomic Force Microscopy Images of Several Molecules

JST
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Floris van Eerden, Xu Zichang, Kevin M. Stapleton (Osaka University, Osaka University, Osaka 
University)

Floris van Eerden

1 Introduction

T cells are responsible for recognizing foreign antigens, killing infected or cancerous 

cells, and maintaining cellular memory of previously encountered antigens. The T cell 

receptor (TCR) plays a crucial role in this by binding to the antigens (epitopes) in the 

context of the major histocompatibility complex (MHC). In the first structure of a 

complete TCR, the TCR headgroup is tilted with respect to the membrane normal (1),

Figure 1. This tilt led us to hypothesize that the TCR headgroup might possess a certain 

flexibility. Indeed, we could identify a linker region in the TCRβ subunit, which 

contains two conserved glycine residues, Figure 2. In this project coarse grained (CG) 

and fine grained (FG) simulations are used to assess the flexibility of the TCR 

headgroup, the role of the linker glycines in this flexibility and how TCR headgroup 

flexibility is important for pMCH binding.

2 Methods

Our simulations are based on the cryo-EM structures of Dong et al. (PDB ID 

6JXR) and Newell et. al (PDB ID 3QIU) (1) (2). Gromacs versions 2019.4,

2020.6 and 2021.1 were used as the molecular dynamics engine (3). Simulations 

were performed with the novel Martini 3 forcefield (4) in conjunction with Gō-

potentials (5). FG simulations were done in the Charmm36m forcefield (6). 

3 Results

Coarse grained simulations suggests that TCR headgroup flexibility is important 

for TCR-pMHC binding. Simulations were carried out of membrane embedded 

TCRs both in free and pMHC condition. When unbound the TCR headgroup 

adopts a tilted conformations with an headgroup angle ranging from ~80° to 

~160°, Figure 3A. Interaction with the pMHC however requires a more straightened conformation, with angles ranging 

between ~120° and 180°. 

To assess whether the two linker glycines are responsible for the headgroup flexibility, a set of more detailed, fine grained

(FG) simulations was performed in which the two linker glycines were either mutated to alanines (G240A_G245A) or 

Figure 1: Cryo-EM structure of 

a TCR in complex with its CD3 

co-receptor. T cell and APC 

membranes are indicated by grey 

boxes.

Figure 2: Figure 2: MSA of the 

putative hinge region. The sequence of 

the putative hinge is well conserved 

among a wide range of organisms, with 

the two glycines (marked in pink) being 

perfectly conserved.

- 395 -



prolines (G240P_G245P). Preliminary data shows that both mutations result in a less erect TCR, with the angle 

distributions of the mutants shifted towards smaller angles, Figure 3B. A shift towards smaller angles could mean that T 

cells expressing the mutant TCRs could be more difficult to activate, as pMHC binding requires a more straightened 

conformation according to the CG simulations (Figure 3A). Currently in vitro experiments are being performed to test if 

this hypothesis holds in the lab.

4 Talks and Posters 

Talk at the Immunology Frontier Research Center Colloquium, Osaka University (March 2022)

5 Publications

Van Eerden, F.J. et al. In preparation

Shirai et al. [among which Van Eerden, F.J.]. Submitted
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Figure 3: Normalized distributions of the angle between the TCR headgroup and the TCR transmembrane 

helices. (A) Angle distributions of CG simulations of free TCRs (blue) and pMHC (orange) bound TCRs. At the start of 

the simulations the angle is 142 degrees, as indicated by the green vertical line. (B) Angle distributions of FG 

simulations of three different TCR mutants, in which the two linker glycines (Figure 2) have been mutated to alanines 

(G240A_G245A) or prolines (G240P_G245P), at the start of the simulations the angle is 142 degrees, as indicated by 

the green vertical line.
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Xu Zichang

1. Introduction  

Antibodies are a highly diverse class of immune receptors whose binding residues (paratopes) are selected to 

specifically recognize a given antigen at a given surface patch (epitope). We have developed AbAdapt 

(https://sysimm.org/abadapt/), an adaptive approach to model antibody-antigen complex structures from sequence. 

Recently, AlphaFold2 can predict protein models with accuracies approaching traditional experimentally-determined 

structures. Employing the AlphaFold2 may improve the AbAdapt docking performance and hence increase the accuracy 

of the epitope prediction. 

2. Methods

We adopted a benchmark that consists of a non-redundant 620 antigen-antibody complexes for training and 100 for 

holdout testing. AlphaFold2 is the main method for antibody or antigen modeling. The heavy and light chain were 

conjugated by 32 G-linker. In this project, we performed the following set of simulations.

1) Systematical analysis 720 antibody queries by AlphaFold2.

2) Systematical analysis 720 antigen queries by AlphaFold2.

After getting the model of antibody, antigen and antibody-antigen complex by AlphaFold, the following assessment will 

be conducted.

1) Calculating the epitope/paratope information of antibody/antigen separately. 

2) Analysis of the epitope/paratope RMSD and CDR RMSD for antibody.

3. Results

 

 
Figure 1: Comparison of the modeling performance between AbAdapt (blue) and AlphaFold2 (green). (A)The paratope RMSD of antibody model 

in LOOCV training set and Holdout set by AbAdapt or AlphFold2. (B) The CDR RMSD of antibody model in LOOCV training set.
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Kevin M. Stapleton

1. Introduction
GroEL is a bacterial chaperonin responsible for the assisted folding of nonnative (unfolded) and misfolded polypeptides 

(substrates) into biologically active proteins. However, the transient nature of a GroEL-substrate complex and the dynamic 

nature (flexibility) of unfolded substrates have precluded their precise structural determination by traditional experimental

methods. In addition, a GroEL-substrate binding motif has never been identified, and therefore inducing a GroEL-

substrate structure complex for detailed investigation has remained elusive.

In our recent study (manuscript in preparation), we used the experimental method of single-particle cryo-EM to reveal a 

high-resolution landscape of distinct snapshots of an arrested or ‘stalled’ GroEL irreversibly bound to an unfolded

substrate, UGT1A, at 2.7-3.5 Å resolution. From these results, we successfully visualized UGT1A binding density to a 

GroEL subunit (Figure 1A); however, we could not assign the atomic coordinates to the UGT1A noncontinuous density 

using traditional methods. 

This research set the platform to answer a fundamental that until now, could not be experimentally addressed: what is the 

sequence of residues in UGT1A responsible for the complete arrest of a GroEL-substrate complex? Using a 

combinatorial computational approach with Alphafold2 (AF2) Multimer (AF2-m) for protein-complex prediction and our 

experimentally derived cryo-EM structure, we aim to determine the UGT1A binding sequence responsible for substrate 

capture and ultimately, arresting the GroEL-UGT1A structure complex.

2. Methods

This research aims to determine the binding sequence of UGT1A to a GroEL subunit using AF2-m.  We truncated the 

UGT1A sequence (591 residues in length) into short polypeptides containing ten residues (‘10-mer’ polypeptides).  

These were then simulated for protein complex formation against 185 residues in the substrate-binding domain from a 

GroEL subunit (GroEL*185). We performed simulations with AF2-m to predict the GroEL*185-peptide complex 

interactions for 591 10-mer UGT1A peptides. Leading candidate UGT1A peptides were selected based on calculated 

contact residue strength of peptide residues binding to a GroEL*185 subunit and rendered in the 3D visualization program 

UCSF Chimera-X to compare the spatial orientation of the 10-mer peptide to experimentally derived position in the 

CryoEM data.

3. Results

Our initial benchmarking of AF2 to predict the structure of the truncated GroEL*185 (substrate-binding domain) to the 

full-length GroEL subunit, unexpectedly resulted in the accurate prediction of GroEL subunit structure dynamics. These 

results contained new confirmations displaying a continuum of flexible motions for a GroEL subunit bound to UGT1A. 

Crucially, these subunit conformations were not in the training data of AF2 (Figure 1B). These results suggest that AF2 

might have the capacity to predict protein structure dynamics in catalytic systems.
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After confirming AF2 correctly predicted the GroEL*185 structure binding domain, our AF2-m simulations resulted in 

24 candidate UGT1A 10-mer polypeptides with high contact strengths and binding positions similar to those seen in the 

cryoEM data (Figure 1C). We observed that our initial predictions of substrate binding length (10-mer) were too 

conservative when fitting into the cryoEM density. Therefore, new simulations with extended UGT1A peptide sequences 

will be performed, i.e., extending candidate sequences from 10-mer to 15-mer. 

Figure 1: Finding the UGT1A Sequence responsible for GroEL arrest by AlphaFold2 Multimer structure complex prediction

(A) Experimentally derived CryoEM atomic coordinates (green) and UGT1A binding density (cyan and purple). (B) AF2 predicted 

models of GroEL subunit dynamics matching that of experimentally derived dynamics (Elevation in the substrate-binding domains 

(colored arrow)). (C) Histogram displaying the binding intensity of UGT1A residues interacting with a GroEL*185 from AF2-m

protein-complex predictions. Above the histogram plot are two example output model predictions (atomic coordinates shown ribbon) 

from AF2-m candidate high-intensity 10-mer sequences (red ribbon) complexed with a GroEL*185 (green ribbon).
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Saito, Wataru Sakai, "Reactive molecular dynamics simulations on intramolecular and intermolecular structural 
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Molecular Recognition of Water Isotopes by Meta Organic Frameworks
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Precise design and functional development of metal oxide nanoclusters
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Dynamic structural analysis of glycan cluster using enhanced sampling
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Theoretical Studies on Reaction Mechanisms of Organometallic 
Catalysis
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Theoretical study of chemical reactions and
functional conformational dynamics of biomolecules
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Theoretical Modeling of Surfactant Aggregation
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Functional analysis of photo-activated adenylate cyclase
by molecular simulation 
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Research on equilibrium systems that generate stable radicals 
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Study on the Stability of the Nucleic Acid Oligomers Including Artificial 
Nucleotide Monomers by Molecular Dynamics
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Response to Solvent Polarity and Temperature
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Theoretical studies of relaxations and reaction dynamics 
 in condensed phase 
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories

Pei Zhao
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Molecular dynamics simulations of protein aggregation and its 
aggregation inhibitors
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Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations
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Investigation of the intramolecular interaction network and function of 
antibodies
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Simulations of multiscale dynamics in function of biomolecular 
machines
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Molecular Dynamics Study of Ionic Liquids
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Ab-initio calculation of magnetism and phonon properties in molecular 
system
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1. (a) [M(hfac)2(PyBTM)2] (b) M = NiII (c) M = CoII (b), (c)
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Creation of the assembled structures bearing 3D conjugation 
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4 MRI

Functional and structural analysis of four dimensional MRI of the brain.
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Ab initio study toward abundant element nanocatalysts 
with less precious metals

Lyalin Andrey
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Realtime imaging theory for the x-ray induced fragmentation 
dynamics of nano-/bio-molecules
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Quantum-theory-based multiscale simulation for the development of the 
next-generation power devices
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