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3.

3.1.



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



3.2.

(jobtype ) 1 /
GPU

cclx

PN
(large) ccnf 18.8GB/ 1 10

40 400

300
100
30
10
10

4000/48
2560/32
1600/20
960/12
320/8

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

3 6-12 core ccca

core, gpu, gpup, gpuv

ccca GPU P100 V100

P100 gpup V100 gpuv gpu

P100 V100

1

cclx 7 4.4GB/



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 )

ccgpu1, ccgpu2, ccgpup CPU (ccgpu1, ccgpu2 2019/10 

ccgpup )

CPU



4.
4.1.

CPU

 

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

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. 
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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30,000

42,110,000

331,660,029

185,969,220

30,751,890

33,844

331,049

1,687,334

2,150

21,747,210

240,522,697

CPU

233 930

13 44

242,849,813

43,961,216

273,916,057

43,961,216

1 2

4 6

22

1 1

14 63

268 1,048

30,000

729,000

1,990,000

30,000

42,110,000

362,766,273

30,000

729,000

1,950,000

100

686 99
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734
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734

448,206

7

6
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2019 4

431,215

520,218

495,971

468,740

462,143

8,403

479,685

443,687

470,443

3

2

2020 1

12

9

8

11

10

434,568

481,385

95

664 100

720

734

100

575 100

Type-NF

100

99

100

686 100

734 99

8,403 99

100

699 100

720

710 100

699 100

95

95

733

734

95

734 95

734 100

95

734 95

734 99

100

730 99

8,398 998,402 99

Type-CA

664 100

734 100

710 100

575 100

703 100

710 100

698 100

720

686686 100

Type-CC

664 100

734 99

710 100

575 100

703 100

710

5,606,847

470,586

100

664 100

734 100

710 100

575 100

99

Type-NN

703703 100

710 98

699 99

720 95

734



4,733,080

22,289,904

21,009,117

20,208,642

18,952,129

245,439,945

Type-CC

67,294

921

1,262

12,954

21,461

111,125

64,222

187,048

990,739

11,503

28,951

210,679

96

12,638

762,033

58,359

640,454 87

533,434 89

707,487 97

62

694,264

522,756

20,758,544

17,157,607

21,930,979

21,612,023

20,370,850

673,789 88

677,660 95

677,403 89

7,775,932 89

701,654 92

Type-CC

2,684,183

3,108,790

2,837,033

2,528,061

3,203,506

3,119,194

3,105,667

3,535,032

2019 4

5

Type-CA *

694,487 45

1,065,793 63

82

641,942 84

*

71

74

Type-NF *

565,208

*Type-NN

CPU

18,229,090

21,397,422

11

10

9

8

7

6

3

2

2020 1

12

2019 4 87,953

5 344,686

554

1,717

11,713

12,076

8,392

15,736315,157

6 389,074

7 93,556

12,114

16,174

679

650

13,300

12,495

362,981

64,237

8 144,716

9 93,699

20,623

19,452

540

568

12,428

9,457

10 220,277

11 1,037,958

19,354

24,496

5,494,831

2 1,607,822

3 101,470

301,0661,294,898

2020 1 611,587

51,124

39,858

712

565

15,933

48,408

12

541,027

355

1,522

10,045

86

92

92

94

98

712,454 96

607,852 84

636,595 85

96

92

9421,523,635

Type-CA

79

58

60

65

54

27

80

77

78

1,019,42870

77

59

62

780,979 47

763,437

978,334

86

1,000,223

1,070,947

115,640 82

90

855,874

451,476

999,410

93

81

93

92 122,080 87

111,887 85

88,875 6367

1,006,594 60

3,888,918

3,865,942

3,259,427 83

2,815,645

GPU

91,014 67

122,819 90

111,686 83

136,492 99

Type-CA *

90,195 71

107,114 76

97,927 72

81,970 74

Type-NF Type-NN

10,686,982 791,277,6995592 37,951,397



PN large PN small PN core PN gpu Queue ETC

2019 4 525483:00:40 18268815:18:40 2800509:33:21 578161:03:08 22172968:55:49 0:00:00 22172968:55:49

5 515741:11:20 21523622:20:40 3260979:12:22 913604:04:30 26213946:48:52 0:00:00 26213946:48:52

6 583970:10:40 20815028:39:20 2991491:07:30 864969:18:24 25255459:15:54 0:00:00 25255459:15:54

7 478718:25:20 17212322:40:00 2690522:41:17 600975:11:47 20982538:58:24 0:00:00 20982538:58:24

8 690622:44:40 21947842:57:20 3538213:20:38 643626:36:37 26820305:39:15 0:00:00 26820305:39:15

9 658490:29:20 21665987:16:00 3395458:26:33 794682:35:12 26514618:47:05 0:00:00 26514618:47:05

10 516410:20:40 20462291:35:20 3521692:43:46 584196:28:24 25084591:08:10 0:00:00 25084591:08:10

11 463369:26:00 21696861:21:20 3712396:51:56 603613:28:19 26476241:07:35 0:00:00 26476241:07:35

12 626889:22:40 22364668:43:20 4401012:41:43 487315:22:10 27879886:09:53 0:00:00 27879886:09:53

2020 1 637807:02:40 21045099:45:20 4122627:06:41 749908:43:03 26555442:37:44 0:00:00 26555442:37:44

2 658679:24:00 20227622:31:20 3642078:20:26 473222:06:37 25001602:22:23 0:00:00 25001602:22:23

3 648344:45:20 18981187:26:40 2903659:09:01 363462:14:50 22896653:35:51 0:00:00 22896653:35:51

7004526:23:20 246211350:35:20 40980641:15:14 7657737:13:01 301854255:26:55 0:00:00 301854255:26:55

PN large PN small PN core PN gpu

2019 4 333 11,934 72,414 3,272 87,953
5 1,115 12,678 325,946 4,947 344,686
6 519 13,460 371,544 3,551 389,074
7 307 12,838 67,770 12,641 93,556
8 386 12,582 124,473 7,275 144,716
9 244 9,781 70,344 13,330 93,699

10 458 13,417 196,037 10,365 220,277
11 463 22,260 995,145 20,090 1,037,958
12 224 16,421 714,858 30,530 762,033

2020 1 294 48,679 534,412 28,202 611,587
2 209 11,649 1,577,462 18,502 1,607,822
3 468 30,005 60,897 10,100 101,470

5,020 215,704 5,111,302 162,805 5,494,831
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a

b

d

a

b

d

a
b
c
d

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

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

218 248 229

7

0 0 0 0

3 0 0

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 )

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

33,832 / 8,458 12,439

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

1978

M-180

2

816 3,171 7,427

334 394

200H

1979 1980

63

48

107

155

1982

M-180 M-200H M-200H

0

2 0 0 3

24 93

43 20 69920

1988

10,418

231

211

( )

1985

( 11 )

(1 )

1981

176 192 183

421

4,666 11,033 10,230

8,306

M-200H

2

1984

M-200H

2

M-680H

S-810/10

160

70 69 91 94

254 325

929

M-200H

M-180 M-180 2

1983

M-200H

2

199 207

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 )

278,956

1987

M-680H

( 1 )

S-810/10

(2 )

S-820/80

213

143

520

663

6,624

6,444

(M-680H )

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 )

( ) 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 )



a

M-680H 6,689 M-680H 5,722 SX-3/34R 8,352 SX-3/34R 8,425 SX-3/34R 8,494 SX3-3/34R 8,579 SX3-3/34R 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

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

b

d

a
b
c
d

480516

3083

SX-7SX-7

SGI2800,Origin3800SGI2800,Origin3800

VPP5000VPP5000

20052004

139

1

( )

279

0

SX-3/34R

HSP(1 )

SP2(1 )

597

TX-7

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

1997

SP2

SX-3/34R

HSP

1996

HPC(9 ) HPC

SR2201(11 )

SP2

SX-3/34R

HSP

58,650

735

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

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

282

0

0

297,638

21,153

19,110

804

143

661

7,156

0

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 )

10

(SP2 Thin )

619,294

1,412,981

171

VPP5000

97,78876,804

306 331

0

3

414,643

573599 510

275

11

107,194

HPC

347

0

49

635

1,433,895

104

SGI2800,Origin3800

SX-7

2002 2003 2006

267

TX-7

15

119

0

70,680

479

278,177

148

100

229,401 277,697

449

538

0

504

237,872

583

89

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

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

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

SX-7(1 )

SX-5(3 )

SR2201

Altix4700

58,685

0

PRIMEQUEST

SR16000SR16000

539

166

347

156

101

704

(SP2 Thin )

239,671

( )

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

(5 )

HPC

Origin2000(10 )

SP2

14

152

0

321,796 368,136

28,968 19,896 78,130

1,005,486

918,737

595

PRIMEQUEST(7 )

44

702,270

0

18

145

0

45,173

CPU
( )

(SP2 Thin ) (SP2 Thin ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 ) (TX-7 ) (SR16000 )

CPU b,c
( )

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

CPU
( )

(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



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 8,525

CPU

( )

CPU b

( )

b

d

a
b
d

0

314

NEC LX

51

997

1048

-

362,766,273

331,660,029

301,854,255

5,494,831

2324

368

2019

268

2,520,856

307,426,854

0

( )

985

248

52

933

-

32

0

292,639,800

272,486,299

328

PRIMEHPC FX10
(9 )

2018

NEC LX

253,788,270

186,692,673

1,140,631

236

45

869

914

-

264,312,932

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 9 24 36 29

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

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

( )

(SR16000 ) - - - -

816

666 688 807 786 836 844 866

617 645 758 747 773 798

- -

49 43 49 39 63 46 50

170 190 213 204 214 235 234

PRIMEHPC FX10
(2 )

UV1000(2 )

PRIMERGY (2 ) PRIMEHPC FX10  
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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，２０１９年度は 268研究グループにより，総数 1,007名（２０２０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や物性科学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

ソフトウエアを提供していることを示している。

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ポスト「京」開発事業（フラッグシップ

２０２０プロジェクト）において，ポスト「京」を用いて重点的に取り組むべき社会的・科学的課題（重点課題）のうち，

とくにナノサイエンスに関わるアプリケーション開発「重点課題（５）エネルギーの高効率な創出，変換・貯蔵，利

用の新規基盤技術の開発」において重要な役割の一端を担っている。また，同「重点課題（７）次世代の産業を支え

る新機能デバイス・高性能材料の創成」，ポスト「京」萌芽的課題アプリケーション開発「萌芽的課題　基礎科学の

挑戦̶複合・マルチスケール問題を通した極限の探求」，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５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

8-4　計算科学研究センター
計算科学研究センターは，２０００年度の電子計算機センターから計算科学研究センターへの組織改組にともない，

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。２０１９年度においても，次世代スーパーコンピュータプロジェクト支援，ネットワーク管

理室支援等をはじめとした様々な活動を展開している。上記プロジェクトについてはそれぞれの項に詳しく，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。

２０１９年１２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
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「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，２０１９年度はこれらプロジェクトにコン

ピュータ資源の一部（20%未満）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，スーパーコンピュータワークショップ「凝縮系の構造，物性，ダイナミクス」と２つのウィンター

スクール「第９回量子化学スクール」と「第１３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。

2019 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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Elucidating properties of reactive diborane(4)s, Al-anion, and 
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Theoretical Study on the Aggregation-Induced Emission
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Properties of Bowl-shaped aromatic compounds  
and studies on the catalytic activity of metal clusters 
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Structures, Electronic States, and Reactivity of Transition-Metal Clusters 
Structurally Controlled by Multidentate Ligands
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Investigation of the electronic properties of pi-cluster molecules
 

1  

2  

Gaussian16 B97XD B3LYP-D3

UBLYP TD B3LYP

6-31G(d,p)  

3  

4  

[1] 

[2] 

5  

J. Org. Chem 2020 85

o
J. Am. Chem. Soc. 2020 142



Spectroscopic studies on geometric and electronic structure of 
hypervalent molecules
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Theoretical Studies on Group 10 Transition Metal Complexes
Bearing SiNN Pincer Ligand
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Relation between Color and Structure of Bromothyimol Blue 
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Fine Control of Chiral-at-Metal and Elucidation of their Properties
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Photochemistry of Imidacloprid and Reaction Mechanism in Ordered Carbon 
Catalysts
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Development of intermolecular reactions utilizing light-induced transient 
deformation
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Molecular dynamics analysis of nanoparticle's transport/charging in gas
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Development of selective synthetic reactions by elucidation of reaction 
mechanisms using DFT calculations 
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Calculation of 3 dimensional Raman and THz vibrational spectra of liquid 
water using molecular dynamics simulation
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Theoretical Study of Geometries, Electronic Structures, Reactions, and 
Solvation of Complex Systems 
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Scheme 1. Ir-catalyzed borylation of THF

Scheme 2. Ir(III)/Ir(V)-Catalytic cycle of 
Ir-catalyzed borykatruon of THF
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Scheme 4. Catalytic cycle of NO-CO 
reaction on Cu38

(S. Aono, T. Seki, 

H. Ito, S. Sakaki, J. Phys. Chem. C, 58, 4894 4906 (2019)).

3.4 Cu38 NO-CO Cu Ru

CO-NO

Cu

NO-CO

Cu38

CO NO NO

Cu Rh

NO

(Scheme 4) N-O N2O

O N2O N-O

N2 O CO

CO2 Cu38 CO O

N2O

(N. Takagi, R. Fukuda, M. Ehara, S. Sakaki, et al. ACS Omega, 4, 2596-2609 (2019)).

3.4 Ru55, Rh55, Pd55, Ag55 NO NO

NO

4d 8 11

55 NO Ru, Rh Pd

Ag valence band-top

d valence band-top NO d

s valence-band top

(Takagi, Ehara,, Sakaki, J. Phys. Chem. A, 123, 7021-7033 (2019)).

4
N. Takagi, M. Nakagaki, K. Ishimura, R. Fukuda, M. Ehara, and S. Sakaki, J. Comput. Chem., 40, 181–190

(2019). N. Takagi, K. Ishimura, H. Miura, T. Shishido, R. Fukuda, M. Ehara, and S. Sakaki1, ACS Omega, 4, 
2596–2609 (2019). T. Yoshimoto, H. Hashimoto, N. Takagi, S. Sakaki, N. Hayakawa, T. Matsuo, and H. Tobita, Chem. 
Eur. J. 25, 3795 – 3798 (2019). S. Aono, T. Seki, H. Ito, and S. Sakaki, J. Phys. Chem. C, 123, 4773–4794 (2019). 

N. Kuriakose, J.-J. Zheng, T. Saito, N. Hara, Y. Nakao, and S. Sakaki, Inorg. Chem., 58, 4894 – 4906 (2019). V.
Singh, S. Sakaki, and M. M. Deshmukh, J. Comput. Chem., 40, 2119–2130 (2019). R.-L. Zhong and S. Sakaki, J.
Am. Chem. Soc., 141, 9854 – 9866 (2019). N. Takagi, K. Ishimura, R. Fukuda, M. Ehara, and S. Sakaki, J. Phys.
Chem. A, 123, 7021-7033 (2019). K. Fujimoto, R. S.Payal, T. Hattori, W. Shinoda, M. Nakagaki, S. Sakaki, S.
Okazaki, J. Comput. Chem., 40, 2571-2576 (2019).



Theoretical study on dynamical properties of materials by quantum 
dynamics
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Condensed matter physics research by local quantities based on 
quantum field theory
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Theoretical study of the electronic structures of metalloprotein
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Theoretical Studies on Structures and Functions 
of Biological Molecules

 
   

1  

1) QM/MM

2 3)  

2  

 Gaussian09  Gaussian16  HONDO QM/MM

HONDO  

3  

3.1 QM/MM-MD  

2

TMG Urea

 

N, N, N- TMG

TMG 26

Urea 4 5

2

Urea TMG

3.2  

NMR
1H-NMR

NMR NMR

 

 

3.3  

Pramidimicin A (PRM-A) 

PRM-A



Ca2+ PRM-A DFT

NMR  

DFT

[3] [4]  

 

 

4  

(1) TMG 22  

2019 5 27 29  

(2) TMG

13 2019 9 17 20  

(3) 

2019 2019 10 24 25  

(4) QM/MM-MD

2019 2019 11 16 17  

(5) NMR 2019

2019 11 16 17  

5  

[1] Yu Nakagawa, Takashi Doi, K. Takegoshi, Takahiro Sugahara, Dai Akase, Misako Aida, Kazue Tsuzuki, Yasunori 
Watanabe, Tomohiko Tomura, Makoto Ojika, Yasuhiro Igarashi, Daisuke Hashizume, Yukishige Ito, “Molecular 
Basis of Mannose Recognition by Pradimicins and their Application to Microbial Cell Surface Imaging,” Cell 
Chemical Biology, 26(7), 950-959 (2019). DOI: 10.1016/j.chembiol.2019.03.013

[2] Yasunori Watanabe, Fumiya Yamaji, Makoto Ojika, Takahiro Sugawara, Dai Akase, Misako Aida, Yasuhiro 
Igarashi, Yukishige Ito, Yu Nakagawa, “The endocyclic oxygen atom of D-mannopyranose is involved in its 
binding to pradimicins,” Tetrahedron Letters, 61(9), 151530 (2020). DOI: 10.1016/j.tetlet.2019.151530

[3] Masato Kondoh, Akira Sakuta, Kazuki Okazawa, Dai Akase, Misako Aida, and Taka-aki Ishibashi  
“Photo-Induced Ring-Opening Reaction of Flav-3-en-2-ol Monitored by Time-Resolved Infrared Spectroscopy,” 
Journal of Physical Chemistry B, 123(40), 8499-8504 (2019). DOI: 10.1021/acs.jpcb.9b07108

[4] Masato Kondoh, Chinatsu Takizawa, Kazuki Okazawa, Dai Akase, Misako Aida, Taka-aki Ishibashi  
“Time-resolved infrared study of photo-induced ring-closure reaction of trans-2-hydroxychalcone,” Journal of 
Photochemistry and Photobiology A: Chemistry, 389, 112280 (2020). DOI: 110.1016/j.jphotochem.2019.112280

[5] Kazuaki Rikiyama, Yusuke Sanada, Keisuke Watanabe, Misako Aida, and Yukiteru Katsumoto, “Unimer Structure 
and Micellization of Poly(ethylene oxide)-Stereocontrolled Poly(N-isopropylacrylamide) Alternating Multiblock 
Copolymers in Aqueous Solution,” Macromolecules, 52, 7188-7196 (2019). DOI: 10.1021/acs.macromol.9b01172

 





px, py, pz

a'

a"





741

10

12

2

123

73

123

92

123

40

1147





3.1





4

5





j

j lj

Nsolu Nsolu

j j j
j j

l l

lj



lj



Pna21 C2v P212121 D2

App. Phys. Lett. 



J. Phys. Chem. A 

 J. 

Infrared Milli Terahz Waves, Special Issue on the Interpretation of Terahertz Spectra



Correlation among electron states, structures and functions of 
nano-bio materials
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Divergent applications of ab initio reaction dynamics and 
advanced electronic structure theories
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Exploration of molecular structure and crystal structure using the SHS 
method
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Study of the structure and functions of cellulose and its related molecules and macromolecules 
using molecular dynamics and quantum chemical calculations  

:  Solubility of cellulose acetate in acetone. 
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Structures and Properties of Molecular Nanocarbons
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Figure 1. Photophysical properties of WNG derivatives. (a) UV/Vis absorption (solid lines) spectra, fluorescence (dotted 
lines) spectra, absolute fluorescence quantum yields, and photographs of dichloromethane solutions of 1, 2, 3a, and 3b
recorded under illumination with either ambient or UV light (254 nm). (b) Frontier molecular orbitals and energy levels 
of 1, 2, 3a, and 3b calculated at the B3LYP/6-31G(d) level of theory. 
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Theoretical studies on complex chemical systems based on quantum 
chemistry and statistical mechanics
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Theoretical studies on synthesis and reactivity of heterocyclic 
compounds.
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Figure 1. Transition state structures of proton transfer (2-TS2) and HCN elimination (2-TS3) step on 
tricyanovinylation of 1H-pyrrole optimized at cam-B3LYP/6-31+G(d,p) level.



In silico molecular design of transmembrane peptide induces lipid 
flipping
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Molecular dynamics study of cellulose fiber and carbohydrate-related enzymes 
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Structure formation of molecular assemblies 
and their related functions
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Translational dynamics and solvation structure in water-hydrophobe 
mixtures under supercritical conditions
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Simulation study on the elasticity and plasticity of the glassy states
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A study on the correction of solvation free energy of diatomic solute 
molecule based on OZ integral equation theory:  the case including the 

coulomb potential
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CaMn4O5 

Theoretical studies of electronic and spin states and reactivity of the 
CaMn4O5 cluster in the oxygen evolving complex of photosystem II
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Structure and Properties of non-planar -conjugated molecules
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Quantum Chemical Study on Reaction Dynamics of Nanocarbons, 
Animo Acids and Clusters
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VI

Elucidation of the efficient working mechanism of myosin VI using 
long-distance stepping motion
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Theoretical calculations of molecular functions of proteins and 
molecular assemblies
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DNA
The role of solvent in DNA hydrolysis with a protein 
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Computational Study on Anomalous Properties of 
Correlated Electron Systems 
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Theoretical studies on the phase transition of liquid water, ice, and 
clathrate hydrates
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Theoretical study of recognition mechanisms of antibodies to N-glycans 
considering solvation effect
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Theoretical Studies on soft X-ray Photochemical Phenomena
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and dashed lines indicate those for H2O and D2O.

Fig.2: XES spectra of water at 300 K for various types 
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Theoretical Study on the Quantum Dynamics Processes of Chemical 
Reactions 
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Design and Analysis of Organic Reactions and Molecular Structures Based on 
Theoretical Calculations
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Rational Drug Design and Development of Novel Candidates Using the 
First-Principles Calculations

Sundaram Arulmozhiraja, Reiji Higuchi, Shogo Masuda, Kanade Shimizu, Hiroaki Tokiwa
Rikkyo University

1 Purpose of research 

The main purpose of our research works is to understand the biological systems by using various computational 

methods such as first-principle based quantum-mechanical (QM) fragment molecular orbital theory (FMO), molecular 

dynamics (MD), and full ab initio molecular orbital calculations to work towards rational drug design and development. 

For this, we have selected the following research works for this term:  

(a) Improving the activity of lead compound is the most important goal for any of the drug discovery program. 

Typically, it has been done by changing the pharmacophores or simply varying the substituents to the lead compound 

and measure its activity. However, this process involves lot of other issues – especially it is a highly time-consuming 

process and involves high cost. Therefore, in order to shorten the development period and to reduce the cost, predicting

the activity of the compounds reliably through theoretical approach is required. The FMO method is a fast and accurate 

quantum chemical method for large molecular systems and so it is a reliable and appropriate method to achieve this goal. 

It is a fragmentation approach, in which a system is subdivided into fragments. In the two-body method, FMO2, 

fragments and their pairs (dimers) are calculated. The interfragment pair interaction energies (PIE) or IFIE and are used 

to analyze the molecular recognition, in particular, of ligands by proteins. In the previous study, we used the FMO 

method to predict activity values, but we used only hydrophobic interaction energies. This is because the electrostatic 

interaction energies are overestimated due to the calculations in the vacuum, and they could not be handled 

appropriately. In addition, the assumption that PIEs determine the observed binding energies or activities is flawed 

because PIEs do not include the destabilization polarization, desolvation, and deformation energies of fragments. Here,

we would like to account all these missed factors to deal the interfragment interactions correctly so to check whether or 

not FMO calculations could predict the activity of the compounds. We also performed subsystem analysis to estimate 

the binding energy, and then compared the calculated values with experimental values (IC50, KD, Ki, and H). For this 

purpose, we considered complexes of dipeptidyl peptidase IV (DPP-4) with its inhibitors. DPP-4 is the enzyme 

responsible for the degradation of incretins such as glucagon-like peptide 1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide, which stimulate insulin secretion from pancreatic beta cells of the islets of Langerhans and 

suppress glucagon secretion. Various DPP-4 inhibitor drugs available in the market, such as Sitagliptin, Trelagliptin,  

Alogliptin, Omarigliptin, and Teneligliptin were considered for this purpose.

(b) Glycans cover the cell surface in vivo and plays a very important role in biological reactions such as cell-cell 

recognition, immune responses, and tumor metastasis. The structure of glycan varies depending on the cell type and the 

state in which it is synthesized and the environment in which it is present. Lectins specifically distinguish various 

glycan structures. Quantitative analysis of glycan-lectin interactions can provide insight into the cell function and status.

Here we would like to use the quantum mechanical fragment molecular orbital method to study the glycan-lectin 



complexes in order to analyze the interaction between each monosaccharide constituting glycan and each amino acid in 

the lectin. However, though the FMO method is well-known for the studies involving proteins and even for DNA, it has 

not been utilized much for glycans. The main reason behind this might be due to its fragmentation scheme. In general,

for the FMO calculations on proteins, fragmentations are made by breaking the C -C bonds because peptide bonds

have considerable electron delocalization. On the other hand, in the case of glycans, it is difficult to find the regularity 

of the fragmentation scheme because of the complexity of the branch structure in addition to the structural flexibility.

An appropriate fragmentation scheme has not yet been established for glycans so far. So, in this topic, we would like to 

investigate and establish a general fragmentation scheme that can be used to study the glycans using FMO. In the later 

part, by using the established fragmentation scheme, we like to study a model glycan-lectin complex to verify the 

scheme.

(c) The other research topic we are working on is Retinoid X receptor (RXR). It is a member of nuclear receptor (NR) 

superfamily, which regulates various physiological metabolism, such as dietary lipid metabolism and nervous system

via forming homodimer or heterodimers with other NRs. Binding of small molecules to the ligand binding pocket of 

RXR induces the conformational change of “AF-2 interface”, which plays a key role in recognizing the LXXLL motifs 

located in coactivators. Although various agonists such as bexarotene targeting RXR have been developed, it has been 

shown that they cause unwanted adverse effects. In continuation with our earlier work on RXR partial agonist, 

CBt-PMN, which shows reduced side effects, we would like to study new possible partial/full agonists. To understand 

the molecular basis behind the full/partial activity of these new compounds, computational works become essential in 

addition to structural and biochemical analysis. So, we studied the newly crystallized ligand-bound hRXR complexes

using various computational methodologies. 

Apart from these research topics, we are also continuing our works on anti-cancer natural products such as 

termicalcicolanone. Our theoretical studies on potential reaction pathways assist organic synthetic chemists for 

synthesizing these natural products.   

2 Research methods, Computational methods 

To establish an appropriate fragmentation scheme for glycans for the FMO calculations, we have taken 13

sialosaccharides (glycans) for the calculations. And to take the account of the flexibility of glycans and their dynamic 

structural changes in actual biological medium, we performed MD simulations up to 450 ns on all the selected glycans 

using the Glycam06 forcefields. One hundred structures of each glycan were extracted from the MD simulations, and 

FMO calculations were made on all these structures utilizing possible fragmentation schemes. By thoroughly analyzing 

the FMO calculation results, we could find the most appropriate fragmentation scheme for glycans. MD simulations 

were performed through normal procedures using GROMACS program and all the FMO calculations were done with 

PAICS program. 

For the calculations on dipeptidyl peptidase IV complexed with its inhibitor drugs, GROMACS software was used for 

the MD simulations and GAMESS program was utilized for FMO calculations. The X-ray crystal structures of the 

complexes of the selected DPP-4 inhibitor drugs with DPP-4 were taken from Protein Data Bank. The interactions of 

these inhibitor drugs with DPP-4 enzyme were quantitatively obtained using the FMO approach. To describe protein 

upon solvation, polarizable continuum model (PCM) was used in the FMO-PCM method. Different level of theories 

and approaches were utilized in this study.  



The crystal structures of the hRXR/agonist complexes are submitted to MD simulations up to 700 ns. FMO 

calculations on these complexes were made using PAICS and GAMESS programs. Both raw crystal structures and the 

MD structures were utilized for FMO calculations.

Reaction pathways involving anti-cancer natural products were studied using GAUSSIAN suite of programs at 

various levels of theories.   

3 Research results 

By investigating various fragmentation approaches in the present study, we established an appropriate fragmentation 

scheme to handle the glycans for FMO calculations by considering 13 sialosaccharides (glycans). By utilizing the 

fragmentation scheme established in this study, FMO calculations were performed for the Galectin-8N-domain 

(-8N)/Neu5Ac 2-3Gal 1-4Glc-OMe complex and identified the amino acid residues responsible for the glycan 

recognition by Galectin-8N.  

In the case of DPP-4 study to check whether FMO can predict the activity of the compounds, our calculated

interaction energies and binding energies correlate well with the available experimental values (pIC50 and pKD). Our 

calculations clearly indicate that FMO calculations can positively predict the activity of the DPP-4 inhibitor drugs. 

These results clearly reveal that solvent effects should be considered to calculate the interfragment interaction energies. 

Additionally, the study also indicates that binding energies, instead of simple interfragment interaction energies, could 

be a better choice to study the activity of the compounds.  

In combination with the structural (crystal) and biochemical analysis, molecular dynamics simulations were 

performed to understand the structural changes of the hRXR complexed with the newly synthesized full/partial agonists.

This understanding could assist to study the activity of these compounds in detail. Quantitative binding energies were 

obtained using ab initio fragment molecular orbital theory. While MD simulations clearly indicate a different 

mechanism for partial and full agonist complexed-hRXR structures, the FMO results show that full agonist binds 

stronger to hRXR than that by the partial agonist. These results clearly reveal that the computational analysis involving 

MD simulations and FMO calculations can explain the activity of these compounds towards RXR. 

Our computational reaction pathway studies greatly helped to achieve the total synthesis of anticancer natural product,

a termicalcicolanone product, for the first time. 

4 Talks and seminars 

1) S. Arulmozhiraja. “Fragment molecular orbital theory studies on protein-ligand interactions and their 

applications” presented at the 3rd International Conference on Chemical Biology and Biologics held at Dubai, 

UAE on 26-27 February 2020 (Keynote Address).

2) R. Higuchi and S. Arulmozhiraja, “Can the fragment molecular orbital method predict the activity of inhibitor 

drugs?”, presented at the 3rd International Conference on Chemical Biology and Biologics held at Dubai, UAE on 

26-27 February 2020.

3) S. Arulmozhiraja and R. Higuchi, “Activity of dipeptidyl peptidase IV (DPP-4) inhibitors – Fragment 

molecular orbital theory study”, presented at the 2020 International Symposium on Chemical Biology held at 

Geneva, Switzerland on 22-24 January 2020.



4) D. Imai, N. Numoto, S. Arulmozhiraja, S. Masuda, H. Kakuta, H. Tokiwa, and N. Ito, “Structural analysis of 

NEt-3IB/Net-4IB bound retinoid X receptor ” presented at the 16th Conference of the Asian Crystallographic 

Association held at Singapore on December 17-20 2019. 

5 Publications

1) S. Arulmozhiraja, H. Tokiwa, and H. Shimano, “Elucidating the efficacy of clinical drugs using FMO”, In recent 

advances of fragment molecular orbital method – Enhanced performance and applicability edited by Y. 

Mochizuki, S. Tanaka, and K. Fukuzawa, Springer Publishers, Japan 2020 In press (Book Chapter).

2) M. Kawasaki, A. Kambe, Y. Yamamoto, S. Arulmozhiraja, S. Ito, Y. Nakagawa, H. Tokiwa, S. Nakano, and H. 

Shimano, “Elucidation of molecular mechanism of a selective PPAR modulator, pemafibrate, through 

combinational approaches of X-ray crystallography, thermodynamic analysis, and first-principle calculations”,

Int. J. Mol. Sci. 21(1), 361-1-14, 2020. DOI:10.3390/ijms21010361. 

3) T. Matsuzaka, M. Kuba, S. Koyasu, Y. Yamamoto, K. Motomura, S. Arulmozhiraja, H. Ohno, R. Sharma, T. 

Shimura, Y. Okajima, S-I. Han, Y. Aita, Y. Mizunoe, Y. Osaki, H. Iwasaki, S. Yatoh, H. Suzuki, H. Sone, Y. 

Takeuchi, N. Yahagi, T. Miyamoto, M. Sekiya, Y. Nakagawa, M. Ema, S. Takahashi, H. Tokiwa, and H. Shimano, 

“Hepatocyte Elovl6 fatty acid elongase 6 determines ceramide acyl-chain length and hepatic insulin sensitivity in 

mice”, Hepatology 71(5), 1609-1625, 2020. DOI:10.1002/hep.30953.

4) D. Imai, N. Numoto, S. Arulmozhiraja, S. Masuda, S. Nakano, H. Kakuta, H. Tokiwa, and N. Ito, “Structural 

analysis and dynamics of NEt-3IB/Net-4IB bound retinoid X receptor 

5) R. Higuchi, S. Arulmozhiraja, and H. Tokiwa, “Can the fragment molecular orbital method predict the activity of 

dipeptidyl peptidase IV (DPP-4) inhibitor drugs?” (To be submitted).

6) S. Masuda, S. Arulmozhiraja, and H. Tokiwa, “Interaction analysis of glycan-lectin complexes using 

first-principles calculations-based fragment molecular orbital method” (To be submitted). 

7) Y. Suzuki, Y. Kitahara, Y. Ejima, A. Tsunoi, S. Arulmozhiraja, K. Ozawa, T. Utsunomiya, K. Tazawa, H. Tokiwa, 

K. Manabe, “Total synthesis of Termicalcicolanone B via N-heterocyclic carbene-catalysis and regioselective 

Claisen cyclization” (To be submitted).  



Theoretical studies on excited states and their relaxation processes

1  

2  

3  

3.1

( )                     ( + ) ( ) =                         (1)
( ) ( )

( )
= 279 keV

=279 keV

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0 30 60 90 120 150 180



=279 keV ( ) ( ) Im ( )

,| | ,
( , )( , ),

( ) 1s / p / = 279 keV



Theoretical studies on structures, reactions, and intermolecular 
interactions of transition metal compounds 
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Theoretical Studies on Functions, Properties, and Reactivities of 
Nanomaterials and Biological Molecules
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Figure 1. Free energy surface of alanine dipeptide in the 
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Predicting Thermal Conductivity of Liquid Crystals using Molecular 
Dynamics Simulation 
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Figure 1. Chemical structure of 7CB. 
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Prediction of infrared spectra of multi-element clusters
for infrared photodissociation spectroscopy
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Role of intermolecular interaction in chemical reactions of organic 
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Molecular mechanism of ice-binding behavior of antifreeze proteins
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Development of multicomponent quantum mechanics-nudged
elastic band method to analyze chemical reactions including

nuclear quantum effect
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Theoretical investigation on structures of metal clusters and  
their reactivity 

1,2 1 1 1

1 1 1 1 2 ESICB

1

,

1S, 1P, …

6 [PtAu24(SC2H4Ph)18]0

(PtAu240) 1 NaBH4 , 7 [PtAu24(SC2H4Ph)18]– (PtAu24–)

, X SCXRD , 1H NMR ,

ESR 2 [PtAu24(SC2H4Ph)18]2– (PtAu242–) PtAu240

PtAu24–

DFT ,

2

Gaussian 09 B3LYP/lanl2dz 6-31G(d) [PtAu24(SMe)18]n (n = 0, –1, –2)

Turbomole 7.2.1 [PtAu24(SMe)18 PtAu24(SMe)18]2–

3

SCXRD, 1H NMR, ESR PtAu240 1 NaBH4 7

PtAu24– ,  NaBH4 2 PtAu242–

PtAu240 ,

[PtAu24(SMe)18]n (n = 0, –1, –2) , [PtAu24(SMe)18]– AEA

[PtAu24(SMe)18]0 AEA ,

4

[1] R. Tomihara, K. Koyasu, T. Nagata, J. W. J. Wu, M. Nakao, K. Ohshimo. F. Misaizu, T. Tsukuda, J. Phys. Chem. 
C 2019, 123, 15301–15306.  

[2] M. Suyama, S. Takano, T. Nakamura, and T. Tsukuda, J. Am. Chem. Soc. 2019, 141, 14048–14051.  
[3] K. Koyasu et al. “Size evolutions of specific structures of metal clusters generated in the gas phase”, 

Symposium on Size Selected Clusters 2020, Davos, Switzerland, 2020 March, Oral, Hot Topic.  
[4] Megumi Suyama et al. “Stoichiometric Formation of Open-Shell [PtAu24(SR)18]– via Spontaneous Inter-

cluster Electron Transfer”, 10th ISCAN, Richmond, US, 2019 November. Oral. Hot Topic.  
4  1





 

 

Construction of mass transfer simulation in large heterogeneous 
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First-principles study on dynamics of metal-atom clusters  
in organic molecular insulating films 
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Elucidation of reaction mechanisms of APEX reaction and polymerization, 
structural and photophysical properties of nanocarbons molecules
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Accurate estimation of electrode potential on TiO2 type cathodes
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Figure 1. Geometry of the anatase-type TiO2 

nanoparticle models. 
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Figure 2. The simulated optical spectrum of 0 with the individual 

transitions (a), comparison of transition of 0 to 6 (b), and asymmetric 

nanoparticles (c, d). 



Electronic structure elucidation of metal complexes 
with meso-sclae size 
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Theoretical Studies on Structures and Reactivities of 
Metal Complexes with Multifunctional Ligands
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Computational Molecular Spectroscopy: Computational Chemistry
on the Structure and Reaction of Molecules
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Elucidation of the molecular and electronic structures
of the organic-inorganic interface for design of solar cells
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Analysis of Radical Dissociation Process of Biomolecules by 
Mass Spectrometry 
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Data analyses for an accurate solvent model by machine learning
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Study on geometric and electronic structure for supramolecular 
complexes of binarynanoclusters with organic molecules 
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Statistical mechanics analysis for biomolecular functions 
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Design and synthesis of novel -electronic molecules which form 
functional assemblies
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Rational design of backbone-modified peptides binding to biomolecules
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Reaction analysis of transition metal clusters and organic compounds
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Quantum chemical calculation study on the molecular mechanism of 
photosynthetic water oxidation
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Electrochemical CO2 Reduction 
by a Rhenium(I) Phthalocyanine Complex
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Theoretical study for complex and heterogeneous molecular and 
electronic structures and their chemical reactions
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Elucidation of Organic Reaction Mechanism and Physical Properties by
Computational Approach
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Theoretical investigation and machine learning of 
catalyst chemistry, and materials science
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Computational design and analysis of
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Effects on noncovalent weak interaction on the structural stability and 
reactivity of pseudoazurin
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Molecular Dynamics Study for the Deformation 
and Instability in Liquid Crystal
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Reaction mechanism of small molecule activation by transition metal 
complex
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Study on thermal conductivity control for next generation thermoelectric 
conversion materials
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Mechanistic Investigations of Organic Reactions 
by Experimental and Theoretical Combination
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Electronic structure and properties of complexes and materials
W. M. C. Sameera Institute of Low Temperature Science, Hokkaido University

1 Research purpose and contents 

Chemical reactions are complex and difficult to characterize from experimental data alone. 
Computational chemistry has been beneficial in the quantitative determination of the mechanisms 
of chemical processes. I use modern computational methods to study complex molecular systems 
and their properties, such as reactivity and luminescence. The vast majority of my research has 
been performed in collaborations with the well-established experimental research groups in Japan.   

2 Computational methods 

Calculations were performed using the density functional theory (DFT) or the two-layer ONIOM 
method as implemented in Gaussian16 program. The SICTWO interface was used for 
ONIOM(DFT:MM3) calculations. The multi-component artificial force induced reaction (MC-
AFIR) method, as implemented in the GRRM strategy, was used for systematic determination of 
reaction paths. The ab-initio molecular dynamic simulation using the atom-centred density 
matrix propagation (ADMP) method in the Gaussian16 program. The standard basis sets were 
employed for DFT calculations. The polarizable continuum model (PCM) was used as the 
implicit solvation model.  

3 Results

OH anions in ice: Proton transfer in liquid water and ices, 
gives rise to the positive current conductivity, can be 
described by the Grotthuss mechanism. However, the 
mechanism for the proton abstraction of OH anion from 
neighbouring H2O, the so-called proton-hole transfer 
(PHT), is not established. In this direction, we have 
reported experimental evidence for the PHT, leading to 
the negative current conductivity in ice (below 50 K). 
Quantum chemical calculations, employing the ADMP 
and ONIOM methods, confirmed that OH anions on ice
are unstable. As a result, OH anions drive toward ice bulk 
though almost barrierless PHT (Figure 1). The kinetic 
isotope effects were not observed, and therefore the 
quantum tunnelling would not affect the rate of the PHT 

Figure 1. Potential energy surface for 

the initial PHT in amorphous ice. 



process. At very low temperatures, we proposed that the PHT processes are faster than the 
thermal fluctuations of water molecules in the hydrogen bonding network. 

Catalytic silylation of N2: We have developed two new hydride-bridged dinuclear Mo-Fe
complexes. The Mo-Fe distances of these complexes are shorter than that of the Mo-Fe
complexes in the literature. Calculated Mayer bond indices of 0.79 suggested a Mo-Fe single
bonding character, and the quantum theory of atoms in molecules (QTAIM) analysis indicated a 
fairly ionic with modest covalent bonding. Our complexes can be used as the catalyst to perform 
the silylation of N2. Mechanism of the 
catalytic cycle was studied using the 
DFT (Figure 2). Further, the first step 
of the mechanism is the reaction 
between Me3Si· and the Mo-H moiety
of the catalyst, 12b, which is a 
barrierless process. Then, N2 binding at 
the Mo site gives the active 
intermediate, 2I2. The reaction between 
the Mo-N2 unit of the active 
intermediate and Me3Si· radicals occur 
in a stepwise manner to generate 
N(SiMe3)3. Our computed reaction 
mechanism goes through relatively low 
free energy barriers.   

Asymmetric preparation of enantioenriched 2-aryl amino acids: We have developed a Pd-
catalyzed cross-coupling reaction of aziridine-2-carboxylates and arylboronic acids. In this 

reaction, the regioselective and 
enantiospecific ring-opening, using the 
commercial serine esters, gives rise to 2-aryl
amino acids. Mechanism of the full catalytic 
cycle was rationalized from the DFT (Figure 
3). Further, the catalytic cycle consists of 
aziridine ring-opening, reaction with water, 
transmetalation, and carbon-carbon bond 
formation. Based on the computed free 
energy profile, the ring-opening step is the 
selectivity determining step, while the 
carbon-carbon bond formation is the rate-
determining step. Computed regioselectivity 

Figure 2. Computed free energy profile for the formation of 

the active intermediate. 
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of 100:0 is in agreement with the experimental results (100:0). An energy decomposition analysis 
(EDA) suggested that the interactions between the catalyst and the aziridine substrate play a vital 
role in the origin of the selectivity. The experimental results indicated that the NMe2IPr-Pd0 catalyst 
shows a 97% yield, while SIPr-Pd0 catalyst gives only a 44% yield. DFT calculations indicated 
that the SIPr-Pd0 catalyst has a relatively high free energy barriers for the transmetalation and 
reductive elimination processes, leading to a poor yield. These results confirm that the NMe2SIPr-
Pd0 catalyst is crucial for the enantiospecific and regioselective ring-opening Suzuki-Miyaura 
arylation of aziridine-2-carboxylates.  

Photophysical properties of transition metal complexes: We have developed three new Cu 
complexes, [Cu(dmp)(xantphos)]+ (A) and [Cu2(dmp)2( -dppa)2]2+ (B), and [Cu2(Ph2dmp)2( -
dppa)2]2+ (C) (Figure 4). TDDFT calculations suggested that the energy difference between the 
optimized S1 and T1 states of complex A is very low. Thus, the luminescence of A comes from 
the thermally activated delayed fluorescence (TADF) from the singlet metal-to-ligand charge 
transfer (1MLCT) excited state at the room temperature. In the case of complex B and C,
computed S1-T1 energy gap of the excited state optimized structures were relatively large. 

Therefore, complex B and C
shows phosphorescence from 
the triplet metal-to-ligand
charge transfer (3MLCT)
excited state at room 
temperature, which is in 
agreement with the lower 
radiative rate constants. 

Calculations indicated that the dihedral angles between the N-Cu-N plane and the P- Cu-P plane 
of the complexes play a key role in their photophysical properties. Further, complex A shows the 
dihedral angle change from 900 (Franck Condon state) to 700 (S1 minima). Such structural 
relaxation is not observed in complex B or C. As a result of this, computed S1-T1 energy gap of 
the excited state optimized structures of A becomes small, leading to TADF.  

We have developed luminescent Pt(II) complexes bearing a fluorine-substituted tridentate 
ligand. The n-tetrabutylammonium salt of the complexes, (n-Bu4N)[Pt(dFphpy)(CN) and (n-
Bu4N)[Pt(dFphpy)(Cl], show luminescence in the solid-
state (Figure 5). The emission lifetime analysis and 
TDDFT calculations confirmed that the complexes show 
phosphorescence from metal-to-ligand charge transfer 
state (3MLCT). The emissive triplet excited state has a
planar structure. Also, a low-lying non-emissive triplet 
excited state is present and has a bent structure. The 
activation energy to go from the emissive excited state 

Figure 4. Luminescent Cu complexes A, B, and C.

Figure 5. Luminescent Pt(II) complexes. 



(planar structure) to the non-emissive excited state (bent structure) is small, and this is the reason 
for low emission efficiency in the solid-state.

4 Achievements
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Elucidation of adhesion mechanism of highly adhesive protein in water 
by molecular dynamics simulation

 

1  

Nhead PS

2  
Nhead PS

12 12 2.5nm3 PS 150mM

NaCl 20nm Nhead 323,153

MD Gromacs MD

2fs 10ns NPT Nhead

PS Nhead 0 7nm 0.1nm

Nhead PS WHAM

Nhead 10ns NPT

MD PS Nhead (PMF)

MD 0.5fs  

3  
Nhead PS

Nhead

PS

 

PS

Nhead



( Nhead

PS )

Nhead PS 0( )

 

PS

PS Nhead

200pN( )

( 1)

MD

 

 

4  
 

  9 CSJ

2019 2019 10

 

 

5  

 

 



Computational innovation of nanocomposite materials using first-
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1. Introduction  

Polymer networks are used in a variety of applications due to the wide range 
of beneficial molecular functionality they provide. Structural composites are 
promising materials for increasing stiffness, reducing weight and consequently 
reducing CO2 emissions from next-generation aircraft and vehicles called CFRP 
(Carbon Fiber Reinforced Plastics). The three-dimensional structure of the polymer 
and the resulting chemical interactions are thought to affect the structural hardness 
and surface energy of the material.  

The chemical interactions at the joints (interfacial regions) have been least 
understood. They are feasible as covalent and noncovalent. Noncovalent 
interactions are fundamental forces at the molecular and atomic level. They play a 
very important role in material design. They allow the material to function. Base 



pairing in DNA and organic-inorganic perovskite solar cells are ideal examples 
where noncovalent interactions play a major role. Epoxy polymers are a type of such 
thermosetting materials. These are formed not only by the wonder of covalent cross-
linking between chemicals of different nature, but also by noncovalent interactions. 
The latter appear with different flavors, making the system behave like an adhesive. 
They are the determinants of glass transition temperature and elastic properties of 
these materials. These innovative nanocomposites have many technical challenges, 
especially in the field of aerospace engineering. For instance, epoxy resins are 
materials for aerospace structural composites; a tiny version of the system modelled 
using Gromacs and Materials studio simulation packages are shown in Figure 1. 
Nevertheless, these polymeric adhesives have been shown to provide advantages 
over more traditional methods of joining various types of materials. In this work, we 
have modelled several very large-scale polymer network systems (viz. DGEBA-
44DDS, PEEK, o-PEEK and TGDDM-44-DDS, cf. Fig. 2) that are computationally 
very demanding and for understanding the of how noncovalent interactions can 
help maintain fragments of crosslinked epoxy polymer networks together. The 
results obtained have highlighted the importance of simulation approaches to 
understanding these interactions at the molecular and polymer level using various 
properties such elastic modulus, glass transition temperature and interfacial energy 
landscapes. In addition, the stability preferences, geometric manifolds, and electron 
density topologies were also analyzed, and presented in several conferences and 
international journals.  

 

2. Computational details  

Various Software codes were used for the calculation of structures and properties of 
the polymer network systems. These include Quantum Expresso, Gromacs, and 
NWChem packages. The main aim of Gromacs simulation was to compare its results 
with those of Materials studio, and for a benchmark of the polymer network systems.  
The geometries obtained from Gromacs and materials studies were chopped into 
smaller fragments and manipulated. Several of these structures were geometry 
optimized using Gaussian 16, together with vibrational frequency calculations.  

The reason for these calculations were to assign the bonding features in the 
modelled structures, and calculate the energy strengths of these interactions. 
Various tight convergence criteria were employed for accurate calculations. Since 



we were interested in the fundamental understanding of the energy strength of the 
noncovalent interactions between molecular domains of the aforesaid polymer network 
systems, several binary complex arrangements containing 600-900 atoms were extracted 
from the various supercell geometries constructed using from the Materials Studio 
package optimized in the gas phase and were computed. The B97-D3 DFT functional, 
together with several others and the Grimme-D3(BJ)Dispersion correction and cc-pVTZ 
and aug-cc-pvTZ basis sets, were used. Tight and default algorithms for Self-Consistent-
Field convergence and ultrafine integration grid were used. The supermolecular 
method of Pople was used for the calculation of the stabilization energy, and was 
corrected for the Basis Set Superposition Error (BSSE) using the counterpoise procedure 
of Boys and Bernardi. The Gaussian 16 code was used.  

Simulation codes such Critic 2 and AIMPAC were extensively used for the 
determination of electron density topologies of bonding interactions. The MD 
simulations were carried out on several systems.  
 

3. Results 

Whereas several model polymer network systems were modelled using Gromacs, 
Materials studio and Gaussian 16 simulation packages, Figure 2 shows molecular 
versions of a few models examined.  



Figure 3 shows the nature of cross-linking behavior for the DGEBA-44-DDS 
polymer network system. Similar results were obtained when polymer systems 
with 3000, 5000, 9000, 13000 atoms were modelled. The glass transition 
temperatures were determined to be 192.2 K and were consistent with 
experiment. Table 1 shows the details materials examined using materials studio, 
which can be comparable with those of the results of Gromacs (not shown) 
obtained on range of temperatures 200 to 800 K. 

Figure 3: Dependence of the nature of the a) rate of conversion on the number of 
reaction cycle, b) reactive sites consumed on the number of reaction cycle, c) the 
reactive sites consumed on the rate of conversion, and d) density on the rate of 
conversion/cycle.  



Table 1: A comparison of the rate of cross-linking, young’s modulus and glass 
transition temperature with literature data.  

Figure 4 shows the relaxed models of the PEEK and o-PEEK systems, with 
the glass transition temperatures. A very good agreement was found. Table 2 
presents the details of the computed physical properties, which are compared with 
experiment. Figure 5 shows the nature of various properties analyzed.  

Figure 4: Example of DFT relaxed supercell models o-PEEK and PEEK.  



 

Figure 5: Dilatometric results of o-PEEK, where the equilibrium start- and end-temperatures were 
700 K and 100 K, respectively, with the step size of 30 between them. a)-b) Specific volume vs.  
Temperature and c)-d) Density vs. Temperature. The glass transition temperature (Tg) with 
standard deviation is shown for each case.  

Table 2: Comparision of selected DFT-PBESol and MD calculated unt-cell properties of 
o-PEEK with experiment.a 

Property DFTb MDb Expt.c %Change(DFT)d % 
Change(MD)d 

p(g/cm3) 1.395 1.364 1.328 +5.1 +2.2 
V(cm3) 2744.5 2808.5 2884.6 –4.9 –2.6 

N 272 272 272     
 

 
  

Lattice constants 
 

a/Å 14.142 14.281 14.328 –1.3 –0.3 
b/Å 14.142 14.281 14.328 –1.3 –0.3 
c/Å 16.463 16.612 17.525 –6.5 –5.5 
/deg 107.7 107.9 110.5 –2.6 –2.4 
/deg 107.7 107.9 110.5 –2.6 –2.4 
/deg 63.2 62.6 61.4 +2.8 +1.9   

 
 

  
 Glass Transition Temperaturec  

Tg/K 
 

424.4 
 22.3 

418.2 
 

 

a Properties include the packing density ( p), the unit-cell volume (V), the number of atoms in the unit-cell 
(N), the lattice constants (a, b, c, ,  and ) and the glass transition temperature (Tg).  
b This work. The PBESol calculation was performed with 2 2 2 k-point mesh.   
c Experimental values were taken from Ref. 18. Tg was calculated using MD simulation and the DFT relaxed 
structure of o-PEEK was supplied.  
d The positive and negative signs indicate the percentage of increase and decrease of a specific calculated 
property compared to experiment, respectively. 



The large stabilization energy for each of the two complexes in Figure 6 is not very 

surprising, which are the largest compared to a bunch of model systems examined. The two 

oligomers in each system of o-PEEK are coupled with each other via multi-fold 

intermolecular interaction topologies. These are long-ranged and well-dispersed, as 

demonstrated by the RDG isosurfaces shown at the bottom of Figure 6. The O···H(C), 

(C=C) ···H(C) and C ···H(C) contacts are common to both a) and b). However, the 

(C)H···H(C) contacts are prominent in the former and the (C=C) ···H(C) and (C6) ···H(C) 

contacts are prominent in the latter, in agreement with the spread in the isosurface topology 

that appears in the intermolecular (interfacial) region. 

 

Figure 6: a)-b) (Top) The intermoelcular contact geometries and (Bottom) the modified RDG 
isosurface plots (0.005 a.u.) of two randomly selected binary complexes of o-PEEK. Selected 
intermolecular distances are shown.  



 Fig. 7 illustrates the nature of chemical interactions in a model TGDDM-
44DDS polymer system containing 500 atoms (truncated), evaluated using AIMPAC 
code.  Although several models were examined, the various noncovalent 
interactions responsible for the stability of the aforementioned network system were 
identified to be N···H, O···H(C), (C=C) ···(C=C) , (C=C) ···H(C), C ···H(C), and 
(C)H···H(C), among several others, whose energy strengths were ranging between -
1 and -12 kcal mol-1, obtained using PSI4 code, thus demonstrating the fact that 
weak-to-medium strength interactions play a vital role in determining the geometry, 
and materials properties (rigidity, transition temperature and gel features) of the 
network systems examined. It should be noted that the appearance of an interaction 
in the interface region depends largely on the nature of the interfacial topology. 
Changing the size of the system will change the topology of bonding, and the nature 
of the noncovalent interactions involved.  

Figure 7: Illustration of molecular graphs of the TGDDM-44DDS polymer network 
system (truncated). The (3,-1) critical points are shown as tiny blue spheres between 
atoms (large spheres) and the bond paths are shown as red lines between atomic 
basins.  



Fig. 8 shows one of the large-scale polymer systems examined. A highest value of 
cross-linking fraction of 88% was obtained for the TGDDM-44-DDS system, and was ranged 
up to 97% for the DGEBA-44DDS system. The interfacial energy landscapes for this and 
several other model systems with different sizes were also analyzed. Table 1 shows the nature 
of dependence of the cross-linking radius on the percentage of cross-linking for the TGDDM-
44DDS cross-linked system. Fig. 9 shows the nature of energy contribution to the total energy, 
as well as the interfacial energy for a model that had the 200/200 ratio mixture of the 
TGDDM-44DDS and the DGEBA-44DDS cross-linked systems.  

Figure 8. Illustration of uncross-linked a) TGDDM-44DDS and b) c) DGEBA-44DDS 
systems. Shown in c) is the MD simulated epoxy-amine cross-linked TGDDM-
44DDS and epoxy-amine cross-linked DGEBA-44DDS polymer network systems in 
an amorphous cell.  



 

Table 2: Example of a dependence of cross-linking fraction on the cross-linking 
radius.  

Cross-linking radius/Å Iteration Percent Conversion 
3.5 1 70.55 
4 1 75.25 

4.5 1 79.4 
5 1 82.95 

5.5 1 88.05 

 

 

Fig. 9: Illustration of the nature of energy components for MD simulated epoxy-amine cross-
linked TGDDM-44DDS (ratio mixture 200/200) and epoxy-amine cross-linked DGEBA-
44DDS (ratio mixture 100/100) polymer network systems in an amorphous cell. 

 

 As presented above, the various properties of several polymer network 
systems of different sizes modelled, analyzed, and compared with experiment were 
presented different national and international conferences. In addition, a few papers 
were prepared and submitted to international journals for possible publications. 



Although all the computed results are yet to be fully analyzed, we expect that the 
results obtained on the various model systems shall give any structure-function 
relationship that will be useful for the prediction of similar properties of analogous 
cross-linked polymer systems. The results of a few perovskite systems modelled are 
yet to be examined. The outcome of our research is summarized below.  
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Theoretical Study on the Synthesis of a Transition-metal Catalyst for Use 
in the Transformation of Small Molecules
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Molecular dynamics simulation of diffusion coefficient of biomolecule 
immersed in a liquid and the basic cell-size dependence
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MTS-MD/3D-RISM-KH

Establishment of a protocol for analysing thermodynamic quantity of 
biomolecule utilizing MTS-MD/3D-RISM-KH method
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Studies on the ground and excited states of bio-systems utilizing first 
principles molecular dynamics
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Molecular Structure and Dynamics at Solid/Liquid Interfaces using 
Molecular Dynamics Simulation
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Theoretical analysis of olefin polymerization reactions and chain 
shuttling reactions by post-metallocene catalysts
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Divelopment of synthetic reactions based on theoretical calculations
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Molecular dynamics simulation of the non-specific interaction of 
metabolites in cell
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Molecular Dynamics Simulations to Elucidate Protein Dynamics in Cells
, George Pantelopulos, Hisham Dokainish, , , Weitong Ren  

 

1 Introduction

In this project, we performed the following three simulations using IMS Molecular Simulator:  

(1) R-path sampling simulation of Phosphoglycerate kinase (PGK) 

(2) gREST simulation of Fibroblast Growth Factor Receptor 3 (FGFR3) transmembrane helix dimer 

(3) gREST simulation of C99 monomer and dimer. 

In all simulations, we used GENESIS program package [1]. 

 

Among them, in simulations (1) and (2), analyses of the obtained trajectory are ongoing. In simulation (3), the analyses 

were almost done, and we are now preparing a paper. Thus, in this report, we first outline the results of simulations (1) 

and (2), then we describe the results of simulation (3) in particular.  

  

(1) R-path sampling simulation of Phosphoglycerate kinase (PGK) 

PGK is one of major enzymes in glycolysis, and is used in the first ATP-generating step of the glycolytic pathway. 

PGK is present in all the living organisms and its sequence is highly conserved. PGK catalyzes the transfer of the 

phosphate group from 1,3-biphosphoglycerate (1,3-bPG) to MgADP generating 3-phosphoglycerate (3-PG) and MgATP. 

The nucleotide substrates (MgADP or MgATP) binds to the C-terminal domain of the enzyme, and 1,3-bPG or 3PG 

binds to the N-terminal domain, respectively. In apo state, the open state of PGK is more stable. The catalytic reaction 

requires a large-amplitude conformational change so as to bring the two domains close to each other and so as to 

provide the micro-environment for the phosphate group transfer [2]. To study the conformation transition mechanism of 

PGK with and without substrate binding, we utilized replica path-sampling method.  

From these simulations, we now obtained the results that PGK mainly shows the open conformation both in apo and 

in holo states. In the apo state, large inter-domain fluctuation was observed. Substrate binding stabilized the closed-like 

conformation and suppressed the inter-domain fluctuation compared in the apo state.  

  

(2) gREST simulation of FGFR3 transmembrane helix dimer 

FGFR3 is one of the members of the Receptor Tyrosine Kinase, and it is involved in cell growth and migration. 

Professor Sato (Kyoto Pharmaceutical Univ.) proposed the transmembrane (TM) helix tilt angle of FGFR3 would be 

closely linked with FGFR3 activation through experiments using the constitutively active mutant G380R; in the active 

mutant, the tilt angle was smaller than that of WT [3]. As the next stage of their research, to examine the relationship 

between the tilt angle and activation, they made single mutants of Tyr residues at the N-terminal side of the TM helix 

which serve as anchoring residues in membrane. They found the helix tilt angle of one of Tyr mutants was smaller than 

that of WT, and the tilt angle of the mutant was similar to that of G380R mutant.  

To obtain structural insights about how the mutation affects the TM tilt angles, we performed gREST simulation for 



the WT and the Tyr mutants as in our previous study on FGFR3 TM helix dimer [4]. Currently, we obtained results that 

tilt angles of the Tyr mutants were smaller than that of WT. 

 

(3) gREST simulation of C99 monomer and dimer 

The amyloid hypothesis of Alzheimer’s disease (AD) describes the 

production of the 42-residue amyloid beta (A ) congener, A 42, which 

forms fibrils both outside cells and within the cell membrane and is 

implicated as the disease agent in AD [5]. The 99-residue C-terminus of 

amyloid precursor protein (APP), C99, is cleaved by -secretase in its 

transmembrane domain (TMD) (Figure 1). The dependence of 

mechanisms processing APP and the C99 domain by various secretases 

on the molecular compositions of membranes has been well studied and is 

evidenced to be key to controlling the A  congeners produced by C99 

cleavage by -secretase [6]. 

The C99 N-terminal domain, which contains the A  domain, likely has 

an unqualified propensity for dimerization and oligomerization in the 

membrane via forming -strands much like A . Additionally, the 

C-terminal domain of C99 is involved in binding several cytoplasmic 

proteins when structured as -helices. Therefore the conformational 

ensemble of both the dimer and the monomer are likely not only 

complex, possibly featuring multiple metastable conformational states 

that are sensitive to the local membrane environment [7], but the JMD and TMD conformations may also depend on the 

extra-membrane domain structure, ultimately changing the kinetics and mechanism of C99 processing and other 

signaling interactions. 

Recently, the group of Charles Sanders at Vanderbilt University has completely assigned chemical shifts of the full 

C99 sequence in a membrane mimicking environment [8]. These experiments produced random coil chemical shifts in 

residues outside of the TMD except the last 9 residues of the C-terminus forming helix (C-helix) as reported by NMR 

experiments using micelles [9]. In addition, by using large hydrophilic and hydrophobic probes, they identified C99 

regions that are water-exposed, membrane-embedded, or neither, implying frequent inter-protein interactions. However, 

through these experiments, we can’t interpret the underlying conformational states of C99, as the chemical shift 

assignments in all regions except for the C-helix were near random coil. Thus, we performed molecular dynamic 

simulations to elucidate conformation ensemble describing these experimental results. 

In 2018, we published the first computational study of the full-length C99 monomer using an implicit solvent 

membrane model to study the effect of membrane thickness on the conformational ensemble of C99 [10]. We found that 

as membrane becomes thicker the helical character of the C99 ensemble is enhanced, implying a reduction in propensity 

for C99 aggregation via -strand formation between N- and C-terminal domains and implying an increase in interaction 

propensity for other binding partners via structuring -helices. We continued our work on the full C99 sequence using 

more accurate explicit all-atom molecular dynamics simulations of both the C99 monomer, initiated from 

conformational states of our past work, and new work on the C99 dimer.

Figure 1. Cartoon model of C99 monomer. 

The secondary structure was predicted 

based on solution NMR experiments. 



2 Methods

Approximately the first half of these simulations were completed on the K computer and the last half was completed 

on the IMS Molecular Simulator. We have utilized generalized Replica Exchange with Solute Tempering (gREST) 

method [11]. Our gREST scheme employs 16 replicas and the “solute” temperature ranges from 310 K to 340 K. In 

these simulations, we used CHARMM36m for peptide, CHARMM36 for lipid and TIP3P water molecules. To avoid the 

TM helix dimer dissociation during the gREST simulation, we scaled lipid-peptide interactions down by the factor of 

0.9 [4, 12]. We analyzed the conformations in the 310 K temperature system.  

3 Results

Our main result is that the C99 monomer exhibits a truly intrinsically disordered ensemble in the residues outside of 

the TMD, showing no metastable thermodynamic states, on the other hand, the C99 dimer exhibits 15 metastable 

conformational states (Figure 2A). The number of the conformation clusters was determined using the root mean 

squared difference of distances (dRMSD) between all -carbons of the residues outside of the TMD. 

 

 
 

Figure 2. (A) 
I I



The last key result observed in the dimer are the few different dimer interfaces in the TMD, which we define using 

Crick angles of the TM helix dimer, defining the director vector between the two helices via the Gly33, the central 

residue of the most frequently observed C99-C99 dimerization interface along a GxxxGxxxG motif in the sequence 

(Figure 2C). Each of these TMD conformational states correspond directly with extramembrane conformational states. 

This leads to a key point: the C99 dimer motif depends directly on the C99 extra-membrane residues even though these 

residues appear to be intrinsically disordered via time-averaged experimental measurements. 

4 Poster Presentation

(listed only presentation relating to this project in FY2019) 

(1) Daisuke Matsuoka, Yuji Sugita “Dimer Conformation Sampling of transmembrane peptide dimer using MD 

Simulation” The 5th International Conference on Molecular Simulation, Jeju, Korea, Nov. 2019. 

(2) George A. Pantelopulos, James Hutchinson, Daisuke Matsuoka, Charles Sanders, Yuji Sugita, John E. Straub, 

“Exploring APP-C99 complexes in lipid bilayers and their role in Alzheimer's disease” ACS Spring 2020 National 

Meeting & Expo, Philadelphia, USA, Apr. 2020 

5 Publication

(listed only papers relating to this project in FY2019) 

(3) D. Matsuoka, M. Kamiya, T. Sato, Y. Sugita, “Role of the N-Terminal Transmembrane Helix Contacts in the 

Activation of FGFR3” J. Comput. Chem., 41, 561 (2020) 

In addition, we are currently drafting the work about C99 for submission to peer review including additional 

experiments from the Sanders group supporting us a co-authors in our work.
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Computational chemistry simulation for elucidation and design of photo- 
and electro-active organic molecular materials
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Mechanism elucidation of hydrolase-catalyzed kinetic resolution and its 
synthetic applications
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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 Simulations of Heme Binding Process in a Heme Transporter
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Molecular Dynamics Simulation of Highly Polar Liquid Crystalline 
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Theoretical Calculations of Electronic Structure and
Electron Dynamics in Nanostructures
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Theoretical studies on the photo-electronic processes and catalytic 
reactions using the accurate electronic structure theories 

Vignesh K.R. Pei Zhao  
 

1  

1) 

2) 3) 

4) 

5)

6) NO

7) CO-NO

2  

Gaussian 09 SAC-CI CAP/SAC-CI DFT

TDDFT CCSD(T) OpenMP SMP  

3  

3.1.  

3.2.  

SWCNT

SWCNT

SWCNT(m,n)

Clar



SWCNT

3.3.  

Pt, Ir (3MLCT)

trans-Bis[(b-iminomethyl)aryloxy]Pt(II) 77K
3MLCT

MECP
3MLCT MECP MECP

MECP Pt d * *

3.4.  

N2

3.5.  

3.6. NO  

3.7. CO-NO  



4  

5  













Molecular interactions in liquid phase studied by molecular dynamics 
simulations and quantum chemical calculations
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The pyrolysis reaction and survival rate of organic molecules through a 
meteorite impact on Early Earth





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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Theoretical study of molecular vibrational polariton in the ultrastrong 
coupling regime

Nguyen Thanh Phuc  
 

1  

Controlling chemical reactions has always been an important goal in the field of chemistry. Over the last century, 

synthetic chemists have developed various kinds of catalysts to modify chemical reactions. There are also physical 

methods to control chemical reactivity by using intense laser fields to excite nuclear vibration to overcome the barrier of 

reaction. However, these approaches often require cryogenic temperature as the excitation energy can be redistributed to 

other vibrational degrees of freedom. One way to overcome this challenge is to control the chemical reaction by 

strongly coupling the molecular vibration to the vacuum field of a cavity mode. Strong coupling of both electronic and 

vibrational degrees of freedom of molecules to an optical cavity has been realized in various experimental platforms 

involving both an ensemble of molecules as well as a single molecule. It gave rise to a variety of interesting phenomena 

and important applications including the control of chemical reactivity, enhancement of transports, nonlinear optical 

properties with applications to optoelectronic devices, polariton lasing and condensate, and precise measurement of 

molecular excitation energies. 

In particular, the interaction of the zero-point energy fluctuations of the cavity mode with the molecular vibration is 

expected to modify the chemical reactivity, which has recently been demonstrated experimentally. Theoretical 

investigations of the effect of the coupling between molecular vibrations and the optical cavity mode on the chemical 

reaction rate have also been done for the ab initio model of a simple molecule and the model of electron-transfer 

reaction. However, the physical mechanism underlying the modification of the chemical reactivity induced by the 

molecule-cavity coupling is not fully understood. In particular, the change of the ground state of the total system by the 

molecule-cavity coupling has been ignored when applying the rotating-wave approximation. The mixing of ground and 

excited states of molecular vibration in the ground state of the hybrid system can, in principle, significantly affect the 

chemical reactivity in a way similar to the excitation of nuclear vibrations done by an intense laser. The only difference 

is that here the excitation is induced by the quantum fluctuation in the vacuum field of the cavity rather than by a strong 

laser field. 

In this study, we extend the investigation of the effect of vibrational polariton on the chemical reaction rate to the 

so-called ultrastrong coupling regime, where the molecule-cavity coupling strength is comparable in magnitude with 

both the vibrational and the cavity frequencies. The ultrastrong coupling has already been realized in various kinds of 

systems including intersubband polaritons, superconducting circuits, Landau polaritons, optomechanics as well as 

organic molecules. In the ultrastrong coupling regime, the rotating-wave approximation is no longer valid and the 

optical diamagnetic term cannot be neglected. As a result, the ground state of the total system can be strongly modified 

as it now involves virtual photons and molecule’s vibrational excitations.  



2  

In this study, we developed a theoretical model for the coupled system of molecules and an optical cavity. We 

considered an electron-transfer chemical reaction in a system of N identical molecules, whose nuclear vibrations are 

coupled to an optical cavity. As described by the Marcus-Levich-Jortner model, the reactant and product electronic 

states of each molecule are coupled to a single high-frequency vibrational mode, which is further coupled to a single 

mode of the optical cavity. The molecule’s electronic states are also coupled to a continuum of low-frequency 

vibrational modes, which stem from the inter-molecular vibrations of the surrounding molecular environment such as 

the solvent. 

We then used the RCCS computers to find the energy eigenstates of the molecule-plus-cavity hybrid system, from 

which we computed the electron-transfer reaction rate as a function of the coupling strength between molecules and the 

cavity. The computation was done for different number of molecules in the system.  

3  

We investigated how the ultrastrong coupling between molecular vibrations and an optical cavity can affect the 

electron-transfer reaction rate. We found that there exist both regions of parameters for which the reaction rate increases 

or decreases by coupling the molecular vibration to the cavity field. The modification of the reaction rate by the 

molecule-cavity coupling is determined by two factors: the relative shifts of the energy levels induced by the coupling, 

and the mixing of ground and excited states of molecular vibration in the ground state of the hybrid system through 

which the Franck-Condon factor between the initial and final states of the transition is altered. The former is the 

dominant factor if the molecule-cavity coupling strengths for the reactant and product states differ significantly from 

each other. It increases the reaction rate over a wide range of system’s parameters. Conversely, the latter dominates if 

the coupling strengths and energy levels of the reactant and product states are close to each other, and it 

counterintuitively leads to a decrease in the reaction rate. This is in contrast to the normal expectation that the reaction 

rate would increase due to the molecule’s vibrational excitations. The result, however, can be understood as a 

consequence of the minus sign of the coefficient of the molecular vibration’s excited state induced by coupling with the 

cavity. We also investigated how the effect of vibrational polariton on the reaction rate changes for a variable number of 

molecules coupled to the cavity. The effect of mixing of vibrational excitations on the reaction rate is suppressed in a 

system containing a large number of molecules due to the collective nature of the resulting polariton, while the effect of 

the relative shifts of the energy levels is essentially independent of the number of molecules. 
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Theoretical Prediction of Atomic Force Microscopy Images of 
Chromosomes
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Functional and structural analysis of four dimensional MRI of the brain.
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Flood-filling networks (FFNs)
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Automated dense segmentation of serial EM images 
using Flood filling networks (FFNs)
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