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This project aims to investigate the continuous conformational variability and dynamics of biological
macromolecules from large-scale cryo-EM single-particle 2D images using MD simulations employing the
MDSPACE algorithm (Vuillemot et al., J. Mol. Biol. 435, 167951 (2023)). The current research has two main goals.
The first objective is to assess the accuracy of the fitting method. The second objective is to increase the efficiency
of the software for conducting large-scale flexible fitting using the Fugaku supercomputer. This will be accomplished
by modifying GENESIS and developing tools that automatically set up essential computational stages of MDSPACE

on Fugaku.

3.1 Performance evaluation and parameter optimization of the MDSPACE method

We evaluated the fitting performance of different integrators and force fields in the MD simulation. As a test system
for the evaluation purpose, we use a protein complex, glutamate dehydrogenase (GDH), an enzyme pivotal in
glutamate amino acid metabolism, which facilitates the reversible transformation of glutamate into a-ketoglutarate
(Figure 3-1). The GDH from Thermococcus profundus, in its unbound state, forms a homohexameric structure, with
each unit comprising a nucleotide-binding domain (NBD) and a core domain. This enzyme demonstrates significant
structural flexibility, characterized by the spontaneous movement of the NBD towards the core domain, thereby

modulating its open and closed states.



NAD binding
domain

GDH Hexamer GDH monomer

Figure 3-1: (A) Crystal structure of GDH hexamer (PDB: 1EUZ). The six monomers are colored differently. (B) One
of the monomeric structures. The NAD-binding domain, hinge helix, and core domain are colored blue, yellow, and

pink, respectively.

3.1.1 Preparation for ensemble pool of GDH with continuous heterogeneity by molecular dynamics simulations.
To evaluate the fitting performance of MDSPACE, we used synthetic cryo-EM 2D images derived from a known
structure pool with continuous heterogeneity. This allows for a direct comparison between the ground truth
(hereinafter referred to as the “target” pool) and fitted structures using the MDSPACE method. To construct such
structure pools, we performed extensive all-atom MD simulations starting from the unligated state of GDH (Figure
3-1A) using the GENESIS MD simulation package. From the MD simulation trajectories, 2,000 frames are extracted
to compose the structure pool for generating synthetic cryo-EM images. This pool shows high heterogeneity with a
broad range of Ca-RMSD compared with the initial structure (PDB: 1EUZ) of sampling, including open, closed, and
half-open states (representative models shown in Figure 3-2). This structure pool serves as a reliable ground truth for
evaluating fitting performance. The trajectories that have been obtained will also be used later to examine

experimental data.

closed half-open

Figure 3-2: High flexibility of GDH is seen in the sampled structures in our preliminary MD simulation results. Three

representative (open, closed, half-open) structures are shown.

3.1.2 Performance evaluation of the MDSPACE method with synthetic image data

2,000 synthetic cryo-EM images are generated from 2,000 structures sampled from MD simulation using the
RELION package (Scheres, J. Struct. Biol. 180, 519-530 (2012)). The images incorporate the contrast transfer
function (CTF) with the parameters commonly found in experiments. The initial test was conducted with minimal
background noise. Figure 3-3 illustrates a representative 3D structure and its cryo-EM projection images, which

include CTF effect and noise.



Figure 3-3: A representative of 3D structure (A) and its synthetic cryo-EM image (B).

MDSPACE analysis was then conducted using the aforementioned images as the targets. The initial conformation
was derived from an X-ray structure of GDH, and 3D-to-2D flexible fitting calculations were performed through MD
simulations with a modified version of GENESIS. The iterative conformational landscape refinement was performed
with the NMMD integrator and Ca Go model using initially normal mode analysis and subsequently principal-
component empowered MD simulations. This process gradually advances the conformations to align with the target
images by applying a biased potential. As a result, each image is associated with a structure whose projection aligns

with its synthetic image data.

RMSD Comparison before/after MDSPACE (FC=1) RMSD Comparison before/after MDSPACE (FC=20000 kcal/mol)
A 5.0 —e— initial VS target (BEFORE) —¥— MDSPACE (2nd iter) VS target (AFTER) B 5.0 —e— initial VS target (BEFORE) —¥— MDSPACE (2nd iter) VS target (AFTER)
—«— MDSPACE VS target (AFTER) [ e MDSPACE VS target (AFTER)

0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000
Index Index

Figure 3-4: Ca-RMSD values as an indicator to evaluate the viability of MDSPACE method. The Ca-RMSD values
are calculated by only considering the alpha carbon atoms of the protein. Two different force constant values are used

for the biased potential: (A) force constant = 1 kcal/mol, (B) force constant = 20,000 kcal/mol.

A comparison of the results obtained with two different force constant values (Figure 3-4) reveals that the Ca-RMSD
decreased by approximately 2 A from the second iteration of the simulation and reached convergence for the
remainder of the iterations when the force constant value was 20,000 kcal/mol. In contrast, the Ca-RMSD values
remained relatively constant, essentially matching the starting point when the force constant was very small (1
kcal/mol). The comparison demonstrates the effectiveness of this method for identifying 3D structures matching the

images.

3.1.3 Flexible fitting performance of different combinations of integrators and force fields
In the original approach, the flexible fitting protocol utilized the normal mode empowered MD simulations and Ca

Go model. To obtain higher-resolution structure models from cryo-EM images and consider more motions than those



limited by the normal modes in MD simulations, more accurate models for proteins, such as the all-atom (AA) Go

model, and other MD integrators, such as the LEAP and VVER integrator, were tested.

The MDSPACE method was evaluated in four scenarios: the NMMD integrator and Ca. Go model, the NMMD
integrator and AA Go model, the LEAP integrator and Co. Go model, and the VVER integrator and Ca Go model.
Two indicators were used to assess the method's performance in each scenario. The Ca-RMSD values between the
simulated and target structures and the cross-correlation coefficients (CC) between the target images and the
simulated images projected from the simulated structures are shown in Figure 3-5. The AA Go model provides fitting
results with all-atom information and comparable agreement to the ground truth as the Ca Go model, but its

computation time is approximately 10 times longer.

RMSD Comparison of integators and force fields
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Figure 3-5: (A) Ca-RMSD values before (initial-target structure) and after MDSPACE flexible fitting (2000 images)
with different integrators and force fields. (B) Cross-correlation coefficients between the target image and simulated
image projected from the initial conformation (before fitting), and between the target image and simulated image

projected from flexible fitted structures calculated with different combinations of integrators and force fields.

3.2 Optimize large-scale MDSPACE flexible fitting on Fugaku supercomputer

The original version of MDSPACE software uses a GUI protocol that is part of the Scipion package. The most time-
consuming step is MDSPACE MD fitting (highlighted in red in Figures 3-6A). To take full advantage of the Fugaku
supercomputer, we developed Shell and Python-based tools (Figure 3-6B) to enable the automatic execution of this

step through a CLI.

In order to perform MD fitting on Fugaku for a large dataset, it is necessary to reorganize the input files, including
the input EM image and parameter files. A hierarchical directory structure is created to avoid overloading the file
system, which evenly distributes the input files among the directories. MD fitting simulations are then run in
independent directories, enabling the handling of up to 100 million images (Figure 3-6D). Subsequently, our tool can
set up multiple MD fitting simulations simultaneously as bulk jobs for maximum efficiency. Each job utilizes a single
node to run multiple MD simulations simultaneously, for example, 12 simulations, and performs fitting via cycle over
the targets (for example, 1000 times) for a large number of images, such as 12,000, on one node. Furthermore, a script
has been created for post-simulation analysis, combining the MD simulation results and preparing the data for the

next iteration. Finally, CLI-based Python scripts have been prepared to generate the outputs for the next protocol in
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the project (Figure 3-6B).
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Figure 3-6: (A) Project structure of MDSPACE method in Scipion package. (B) Decomposition of MDSPACE
protocol in GUI mode (text in black) and reformation in CLI mode (text in orange). (C) The default folder structure
for the MD simulation step (MDSPACE, highlighted in red circle) in the project. (D) Newly designed folder structure
for running iterative MDSPACE on Fugaku with a CLI-based tool compatible with Fugaku environment for large-

scale flexible fitting MD simulation.

(M 7THEHT T — - ) A R ETERT — X O OMAIN AR EEG GRELK - )
TREAOERRBELE LT, JIAFBET — L o0 A ) I EESNT — 4% 05 ik fEGE %
MELD % W TCTFRIT 5 72O OEEAE MD #8571 7' F 4 GENESIS ([ZEEE L, L7V B A3 HaiEe 2R
T HAUEET L EMAE DT COIREEEZET Y 7/ T& 5 X 91 L7, MELD {EIXEEEE®RZR &0
PRRMEICR LT, ERT —F L&DV D& BEIMICERINT 2 HiETH Y . FlZIX, TERT—2 0
80%%FIHT 5 ZEEHFRNCHE LTI LS MD #tHEEZ(TH HIETH D, A CTERELE
MELD £ Ti¥, CHARMM ¥ L OV AMBER /J35IZ 5D < RJR-E 7 AR, ME7 /LR AICG2+ model 72 &
OHBULET ARFIHTE DL 912 Lz, £/, GB/SA T /L7 EDRRMARE T W b RbG & H 72,
L) A BZHIEIZHOWTIE, MELD dETHW DRSO =32 v F—BEI T2 25—V 7777
A — DA b xR S H e,

A L7 MELD %27 A N 57202, WAV T AL TRy Textge LT, NLHICAER LT
I IALBWGT 2L nR) O ERSNT X EERAWTEBEI LI TN T v T 4 7K
DSLIHEE TN OKSE 2 WGt Lo, FIIEEICIZ. I v o A F R 70 E2 IREE (PDB ID: 1IWO)
W, X—F v NeT5DH7 T4 A EBE~ v 1L, E1-2Ca? JJRHE (PDB ID: 1SU4) MO REEN 5 A &
D EDNTEM LT, £o, 7 a R 7 EESTT —# 1%, E1-2Ca*" {RRED PDB #&ENHAERK L, #
VORI D Lys-Lys T & T X NI, ENEEHHIRSEMEE L, 7. AR T, BREEDS 27
ALLEDT % overlength X7 L LTERL, ZOLIRTT—%20%7 2 AV 7 HFRITIBA I HET,
B, BT — 2 HURTFEIE 2D 0c, 7 a2 U v 7 HEEE# % 100,200,300 fil & L, =20 3

.11.



HOT o N7 —4ty NERE L, REHEIZEB W TL AICG2HIMBLET V&2 U, 200 ps DFEETR
7V#77W749?477%ﬁ0t0MHDWﬁlﬁwfﬂﬁﬁéiﬂxJ/7%*“ﬁT—&%O
70, 80, 90% L X . ZIEAL 20 [FIDFRZET LT, SHEOKER, 7 nX ) I HEEGHTT —2 -
RVEHE (0%) 3 70bb, &7 — &@&%mwT%L%MLt BT, vy TR TH DT
TRDPRELED LT — AN 1320 ThHoToDIZH LT, Z7rRY 7T — &%LMLKEE\%_&M%%
W — AT, 20 [FIOFHR TR TUTBW UREEAEE L0 B W2, —0, 70% 1% 0% & EWAIE
LAERL ., 90% 1T overfitting D7ZDITIEE A EDOFRREENTEA TV (X 4-1),

L0 IEMIC= T —RIKRIFMEZ 5729512, MELD WHRICBWCHIAT 527 02 ) v 7 E&SHT
— & % 60%0> 5 100%DHIZI T 2%A A TEZ THEEZ THI L7z (K4-2), EBRT —Z 121X 80%DE
DT —ZIZE > THERIINTOD A, EBZIT 8% DT — 4 %FHLTH, T7hbbL %D T7—%5
BHTH, 20 [EH 20 [BIF EELV%Lﬂﬁ%Mé EMPNY | IELWEEZ TRIT 572 021E, KT 2
AHEOREEERPEEICEENDL ZENEETH L BT, LEDOFERNSG, 7Y 78
E%WT*?¢@I7—%#%ﬁi%b#hinﬂD%ZEWTiﬁhk*ﬁbﬁwT—5%I7—
LB L THERICHRA LN OEEZEBICET ) U7 T5ZENARETHH Z LR ST,

Deviation from
PDB: 1SU4
EM-+ 0% XL-MS EM+ 70% XL-MS EM+ 80% XL-MS EM+ 90% XL-MS

X 4-1:0,70,80,90% D7 0 A Y > V' EBGNT — X e MAT=T7 VX TINT 4 v T 4 > THREORE R

k., = 2500 keal/mol, Ny, . =200

Datasetl
Dataset2
15 Dataset3

. |'|!

HE itf

Y.

RMSD (A)

I
&
]

3iHiulHlHIHl

60 65 70 75 80 85 90 95 100
MELD threshold (%)

Wi & IEfiRMEE & 0 RMSD O bk

AHFFERRE I, TR - BBELIC L > TR ONEX I LAY — DA ERICHT 57 R v 7 ER
ST EBRT — 2 \Zxt L CORT 24T o7, 7 v A Y 7 e IEREICER T 572010, £, EBRTHO
722 U AU > 71—DSS (disuccinimidyl suberate ; [X] 4-3A) OfjimiZ Lys Z & S ¥ 7240 712% LT MD
FHREZITV, 7 u R Y R R ISR DT, RIC, HEKIIxT S MD FHRAZITV. EEEND 7
0 A Y TR RNT LT, A RS (RT3 1,025,464 ) % 150 mM KCLEIRIZIR L, 298.15

-12-



K. latm DOZfF T T200ns O MD A 34T L7z, sHRIZIEMD 5 Y 7 h 7 =7 GENESIS % v 7,
DSS (Z#5 A L7z Lys @ Co Jii 1R ERHE 2 fif AT L 7o/t 2R D$jumm@ﬁk%<%LEML FRBED K
flElx, 248 A RD 2 e oTz, TDOT ENE, DSS T4 v /37 ENIZE W T 25 A LIND Ca i
TRIEERE A2 FFD Lys 228469 2 rlREMED R S ivic, M 4-3B 12, EERD 7 v 2 ) o 7 B &5 R T
S Lys-Lys X7 O MD h 7Y =2 b U —HTO CoJi BT ERE2~d, 7 uRr) o 7F
BN EBRT — & D 68.9 %FEEIL, AMRZEE L2V ET ™ 25 A DLEBENTZ Lys-Lys X7 TH D Z &3y
MY DT =X NV EOREREEICHKRT DD THL LB b, 5k, ZDOX57k
THEHIC IS\ T, MELD 2 WA E Tl 28D 5 TETH 5,

(@)

A B CalR FRITEREZAL

i

-
IS
S O

2 20} Q

EIRTUN
b,zw ﬁw\‘\‘"l" ‘0

o
A
i
)
3

A"W ' "

®
(=]

@
S
s

Distance
-9
o

Time 1 5) Lo 3 2
2.1ns : -
gy gg grry rr rb bb yy
8.8 ns Protein subunit

X 4-3: (A) V¥ U EmICHES S a2 Y o —DSS, (B) DSS @ Co i+ BIHEEEDOKEI 281k, (C) X
I LAY —=LEERDO /v R I RXTOMD b7V =7 Y —H O

(mmmmm@%%iﬂ)

ROV TEETIE SN ERT — X DO KFEHEGR O7-9IZ MD Y 7 b7 =7 GENESIS ~32%&
Lk%%mu?@LDf%éo

&) ETEED CryoEM Hif§ T — X ({2 DWW CHFFIRIIZ GENESISIZ LA 2D 7 L7 VTV T 4 v
T A T EAT D MBER — A% BHFE L7 (MDSPACE 7 /L3 U X A~DXIR),

U IAXERT—F L ra A oV EESHTT — 2 ~IGHATEEZ: MELD 5% GENESIS ~Z%E25 L |
CHARMM 35 X TV AMBER /)32 565 < 2R 7 L0, #E 7 /L<° AICG2+ model 72 & DA LT
FANFIHTESL L 9T LT, £7-. GB/SA ETF /L7 EDORIIEEE T /I b s S,
GENESIS ~BESE#:D L7 U 1 &k % . MELD 15 CH W D RGO = 3 V¥ — BT x4 5 A7
— VT Ty 7 B =D bR ST,

(Fr Yz hOBRAHELE)

TaYxl NEEROEEEZE L LOOHBIER L TN 2D —F > 7 %, Zoom THIZ 1 [AIFH#
Lz, MBEOEENSMUEA | F— LT ONIEFICTERIE 21TV ZO®RITERE D7 DR PI 2
—T 4 T B ToT, £io, 20244 1 BICHRENTY — 7 3 v st TR L, #HT (FEE - F24E)
b THEWEME 21T & & HIZ, GENESIS & 75 /Al OEEEIZ DWW CF IR Lo, HEOEE I
W 7p R a2 =/ —3 3 0 Slack TITVY, 7 7 A /L34 1E OneDrive T{T o 72,

-13-



2—-3. & (HIREDFEHF)

EME7—% < 3w 7 "Multi-scale Molecular Dynamics Simulation and Machine Learning of Biomolecular
Systems" O FAfE

2023 4+ 8 A 9 H-10 HICEFEY —2 < 3 7 "Multi-scale Molecular Dynamics Simulation and Machine
Learning of Biomolecular Systems" % BALFHFFEATAIEF v /N 2B W T, ZHEER 2 TR FAFE =
HABEENTEA ., \KIEFAENIIER), A EBREMA R, EAREN M L TR L, UV—
72 ay 7T ARODTF YR 2 b= a v EREBCEEE/AL & OEEEIC OV TR ICHER L7, R O
HCHMEL 484032 M LT, 2 HBICAKRED T v 2 a 25T TUABREND 4 4 DB 21TV,
AREEEET D L LI, TNETITHE LRI FRICOWTHE Lic, MfRRESE (FRITIEIO/ME
EBEDIILL T O Th 5,

* Giovanni Brandani (Kyoto University, Japan)

+ Bernard Brooks (NIH, USA)

* Fumio Hirata (IMS, Japan)

+ Jaewoon Jung (RIKEN R-CCS, Japan)

+Akio Kitao (Tokyo Institute of Technology, Japan)
+ Juyong Lee (Seoul National University, Korea)

+ Mai Suan Li (Polish Academy of Science, Poland)

* Yasuhiro Matsunaga (Saitama University, Japan)
+ Osamu Miyashita (RIKEN R-CCS, Japan)

+ Toshifumi Mori (Kyushu University, Japan)

+ Ai Niitsu (RIKEN CPR, Japan)

+ John Straub (Boston University, USA)

* Cheng Tan (RIKEN R-CCS, Japan)

+ Kiyoshi Yagi (RIKEN CPR, Japan)

REAT—U L3y TORE

2024 /-1 A 9 H-10 HIZFRENTY —727 v a v P EBYLE R % v o XA B W Txim & U E— b
TR L=, ERIEAROEREE GO A5 B ORI ONTHELS Eim T D727 v —X R ChlfE
L7z, 1 BRIZKE I N—T b OREREEITH & & bio, BULAEIRER 2R v ¥ — DO EA
BT —2 U =X X DFRREZ T 72, 2 H BIX, GENESIS & 7E /Al OEHEIZ O\ Cikam T 2%
AT HE LB, BFERDLEDICHER « FAEDYa—F =2ty araiidi,

TUR)—t I F—DFE

2023 AEFIFRBEN TO H —[BIOEBHE %2 4> T A 2 (Zoom) TIT > TUW 23, 2024 4F 1 A NS AMEOH
FRREE 2 M2 T o b— 3 > EHEE/AL ICEIT 2 Zoom I —%BAME L7=, 1 A4 d
BRZ e A R 12 X % AlphaFold g, 2 A XL R GEME LIc L 5 EH) <o
OpenFold 3T 2 I F—24To TIHWL, REE I &k A —HITHMEL, Al & OE#EEIZET
L0 BOE EFIZEDHATHETND,

-14-



2 — 4. A

REEET VA2 LGS A
F I 7 ZADHER

BRI & N 7 AR TR AR
255 [ENLRSEIE B RS

WA FH 2B E Y EEH
(1) (W73 1) v~ | T338-8570 Wk HEh

N/ —

BIAT — X D OWEET
v HER

o b B TR AR AT [k
CIN kN AT

(2) (P78 2) BixF¥ | T606-8501 mH &
Bl T 57 7 A3 ok | RS RCER A2 B X HARHT 36
TEENRE D HEGR FTeH 1 ESLRFENER R

(3) (WT7#E3) 7T 44 | T464-8601 Florence Tama

B IR & e R R AR
255 [N RFIE A ERY:

BRF
(4) =5 —+ ) A4 X&gEte | T162-8601 & HiR
FBRT — 2D OREHINAR | FOHESETE X480 1-3 s
HETEHE R N HRERRL R
(Fuv = hOKREHEE) T 338-8570 faok R

-15-




iK1 FRFRRER
1. 6 - MEEEFIZRB T DU Heik
No. | &t L 7=Fa FRF KA R LG (PR - HEE | BEL
(EFREH) 4 5%) 7
1 Micelle-like Azuki Mizutani(Kyoto University) | PLOS Computational Biology, , | 2023/07
clusters in phase- | Cheng Tan(RIKEN) 19(7): e1011321 (2023)
separated Nanog | Yuji Sugita(RIKEN)
condensates: A Shoji Takada(Kyoto University)
molecular
simulation study.
2 Postsynaptic Risa Yamada(Kyoto University) Biophysical Journal, Vol.122, 2023/08
protein assembly | Shoji Takada(Kyoto University) pp-3395-3410 (2023)
in three and two
dimensions
studied by
mesoscopic
simulations.
3 Representation of | Tsuyoshi Ishizone(Meiji J. Chem. Theory Comput. Vol. | 2023/12
Protein Dynamics | University) 20, pp. 436450 (2024)
Disentangled by Yasuhiro Matsunaga(Saitama
Time-Structure- University)
Based Prior. Sotaro Fuchigami(University of
Shizuoka)
Kazuyuki Nakamura(Meiji
University)
2. EHESH - VRV U AIBIT SO - RA Y —FR
No. | R LR (X | BREKA (PrEkR) RBRLEGH (| BRLE
BH, A8 - AR L)) 5
—FERDH)
1 Analysis of Chigusa Kobayashi(RIKEN R- CCP2023 - 34th 2023/08
structural changes | CCS), IUPAP
of multi- Hisham M. Dokainish(RIKEN Conference on
chain/multi- CPR), Computational
domain proteins by | Suyong Re(NIBIOHN), Physics
coarse-grained Takaharu Mori(RIKEN CPR),
description. (7K A Jaewoon Jung(RIKEN R-CCS,
X —) RIKEN CPR),
Yuji Sugita(RIKEN R-CCS, RIKEN
CPR, RIKEN BDR)
2 Accurate Langevin | Jaewoon Jung (RIKEN R-CCS, CCP2023 - 34th | 2023/08
integration for RIKEN CPR) TUPAP
isothermal-isobaric | Yuji Sugita (RIKEN R-CCS, RIKEN | Conference on
condition with a CPR, RIKEN BDR) Computational
large time step. (I Physics
)

-16-




Integrative Yasuhiro Matsunaga (Saitama Multi-scale 2023/08
Modeling of University) Molecular
Biomolecular Dynamics
Dynamics from Simulation and
Molecular Machine
Dynamics Learning of
Simulations and Biomolecular
Single-Molecule Systems
Experiments. ([
9H, fAfFaRE)
Development of Jaewoon Jung (RIKEN R-CCS) Multi-scale 2023/08
GENESIS on Molecular
Fugaku for Large- Dynamics
Scale MD Simulation and
Simulations. (X Machine
H, FRFFHET) Learning of
Biomolecular
Systems
Integrating Hi-C Giovanni Brandani (Kyoto University) Multi-scale 2023/08
Data into Polymer Molecular
Simulations to Dynamics
Study the Simulation and
Principles of Machine
Enhancer- Learning of
Promoter Biomolecular
Communication. Systems
(DBH, fRFFER)
Integrative/Hybrid | Osamu Miyashita (RIKEN R-CCS) Multi-scale 2023/08
Modeling Molecular
Approaches for Dynamics
Dynamic Simulation and
Structural Biology. Machine
(M8H, HAfFHE) Learning of
Biomolecular
Systems
Integrative Yasuhiro Matsunaga The 6th 2023/10
modeling of (Saitama University) International
biomolecular Conference on
dynamics from Molecular
molecular Simulation
dynamics (ICMS2023)
simulations and
single-molecule
experiments. (185,
TRFFD)
Coarse-grained Chigusa Kobayashi (RIKEN R- The 6th R-CCS 2024/01

description of
structural changes
for multi-

CCS)
Yuji Sugita (RIKEN R-CCS, RIKEN
CPR, RIKEN BDR)

Symposium

-17-




chain/multi-
domain proteins.

(N2 H—)

9 Development of Jaewoon Jung (RIKEN R-CCS, Biology of 2024/02
coarse-grained MD | RIKEN CPR) Intracellular
program for large- | Cheng Tan (RIKEN R-CCS) Environments
scale simulations Yuji Sugita (RIKEN R-CCS, RIKEN | International
of heterogeneous CPR, RIKEN BDR) Symposium 2024
biomolecules. (78 A
X —)

10 | Coarse-grained Chigusa Kobayashi(RIKEN R-CCS) | Biology of 2024/02
methods for Hisham M. Dokainish(RIKEN CPR) | Intracellular
proteins with Suyong Re(NIBIOHN) Environments
multi-chain/multi- | Takaharu Mori(RIKEN CPR) International
domain (K 2 % —) | Jaewoon Jung(RIKEN R- Symposium 2024

CCS, RIKEN CPR)
Yuji Sugita(RIKEN R-
CCS, RIKEN CPR, RIKEN BDR)

-18-




