BIRARZINRY S
SFVIaAL—Y 3 VRIORILE

FRKRF STERIFS

rtvy—

SHEXT A ALFA IV

STEEERDF

ERI

[RE B&E:

/

2021F6H98 (A >1V)



(=P AN=]IE

SUES

NFIVZIaL—v

DIEI(C@(FT

2531l

BH05F

8 @ % lﬁﬁi&
(A=x7)

l%ﬂw

SRR (BELA) 3

E% EUWWI) RAREMR (1D TEELLVHI)

P E—

KR

SHEDE—5 v

*BHNYVINDBED TE2) I TEDKDIT,

> €

NAOREGIAL: DG+

>

51 9BdDOH?



Calculation of Force (F)

Potential Energy of System:
Etotal = Ebond + Eangle + Edihedral + EvdW + EeIeC

\wv% A F g;@u:b F= - dEtot/dr
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Non-Bonded Interaction

For all the atoms of system,
their coordinates are updated by F = - dE../dr
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FiP35 protein: simulation of folding

D.E. Shaw et al., Oct. 2010, Science 330, 341
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To Reproduce Biologically Relevant
Rare Events

+Brute-force MD simulations by a special ¢Distributed computing by

purpose machine like ANTON multiple and short-time MD simulations
Millisecond-order folding simulation of ubiquitin in explicit water Folding of ACBP represented by Markov state model.
by ANTON. (PNAS, 110, 5915, (2013). Fig. 1) (Curr. Opin. Struc. Biol. 23, 58, (2013). Fig. 3)
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Parallel Cascade Selection Molecular Dynamics (PaCS-MD)
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Ligand-Docking PaCS-MD (ld-PaCS-MD)
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Trajectory of a Protein
with Multiple Ligands
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Ranking by distance
between a Ligand I ‘

Binding Residue and
the Nearest Ligand

T Rank-N Traj-N

Repeat the Conformational Resampling for M cycles
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M. T. ul Qamar et al., J. Pharm. Anal., 10, 313 (2020)
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Hybrid Cascade-type Conformational Sampling Z @ AL, #tiz %

J.Phys.Chem. B, 122, 11571-11578 (2018)

Hybrid Cascade-Type Molecular Dynamics with a Markov State
Model for Efficient Free Energy Calculations

Ryuhei Harada*® and Yasuteru Shigeta™

Center for Computational Sciences, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8577, Japan

© Supporting Information J. Chem. Theory Comput., 15, 680-687 (2019)

PaCS-MD Only PaCS-MD + OFLOOD

ABSTRACT: A protocol for calculating free energy landscapes (FELs) 8 7 8 7
is proposed based on a combination of two cascade-type molecular _ 7F x oo 46 TiS 6
dynamics (MD) methods, parallel cascade selection MD (PaCS-MD) < gv: <oy 5 < g 5
and outlier flooding method (OFLOOD), with the help of a Markov ¥ 4" e PH000 4’ & 4 4
state model (MSM). The former rapidly generates approximated §3- Ny g 23 2
transition paths directly connecting reactants with products, and the © f N P f 1
latter complementary resamples marginal conformational subspaces. oltd 0 0 0
0123456738 0123456738

Trajectories obtained by them give reliable microstates in MSM RMSDseon [A] RMSDseoa [A]
providing accurate FEL with low computational costs. As a

demonstration, the present method was applied to a miniprotein (Chignolin and Trp-cage) in explicit water and successfully
elucidated multiple folding paths on their free energy landscapes. Our method could be applicable to a wide variety of biological
systems to estimate their free energy profiles.
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