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Force fields for the molecular dynamics of modified nucleic acids
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We constructed a pipeline to generate a classical molecular dynamics force
field for modified RNAs. We further constructerd the free-energy calculation pipeline to evaluate
the generated force field. By using the force field from the same protocol we proved that RNA®s
stability can be predicted from simulations.

Additionally, based on the free-energy calculation pipeline we created in this project, we
constructed a pipeline that can predict the stability change upon introducing a single mutation to

the ?[otein. We showed that the thermal stability change of the protein can be predicted with this
pipeline.

RNA  RNA



RNA

DNA/RNA
) (©) (T)

( )
DNA/RNA

2016
DNA

non-coding RNA(

RNA

RNA

CCSD(T)

RNA  Watson-Crick

)
RNA

DNA

(A)
V) € 5 (
RNA T
HO—P=0 N3
I =
RNA) ° N |N
o)
T
J\TN OH
1: RNA
() X
RNA
RNA
(X N
(CBS)
6 LY X ACCSD(T) + MP2/CBS
RNA 5] .. L :Adzi»dihedral

Energy (kcal/mol)

0 50 100 150 200 250 300 350
Dihedral angle (degree)

2: X

(MP2/CBS+ACCSD(T))



(MM)

2.7 kcal/mol
0.22 kcal/mol
« )
(2) RNA
RNA
RNA
(NN) RNA
(~10 ) 30
NN
() - Watson-
Crick
NN
( 3
(25
: 0.68 kcal/mol)
(4)
SARS-CoV-2
mRNA
mMRNA (N7- ,
2’-0 )
)
RNA
T4 lysozyme
(1.06
kcal/mol;  4)
(6)

AG * or AAG * from the NN model (kcal/mol)

N

o
L

-2

-4 4

-6 1

4 = |deal regression

O Simulations
A Experiments

A

“lf =12 =10 =8 6 =4 =2 0 2
AG* or AAG* from experiments / simulations (kcal/mol)

3: -
NN ( )
( )
Exp. AAG vs. FEP AAG

10

8 -
=]
Ly
L 6
m
(&)
3
E
3
i)
=
a2 A

0

— y=125x(R?=0.84)
T o 3 4 & 3
AMAG (kcal/mol) experimental
4: T4 lysozyme 1




4 4 0 1

Taichi Hagio, Shun Sakuraba, Junichi Iwakiri, Ryota Mori, Kiyoshi Asai 19

Capturing alternative secondary structures of RNA by decomposition of base-pairing 2018

probabilities

BMC Bioinformatics 38
DOl

10.1186/s12859-018-2018-4

Kota Kasahara, Shun Sakuraba, lkuo Fukuda 122

Enhanced Sampling of Molecular Dynamics Simulations of a Polyalanine Octapeptide: Effects of 2018

the Periodic Boundary Conditions on Peptide Conformation

The Journal of Physical Chemistry B 2495 2503
DOl

10.1021/acs. jpch.7b10830

Shun Sakuraba, lkuo Fukuda 39

Performance Evaluation of the Zero-Multipole Summation Method in Modern Molecular Dynamics 2018

Software

Journal of Computational Chemistry 1551 1560
DOl

10.1002/jcc.25228

Shimpei Nishida, Shun Sakuraba, Kiyoshi Asai, Michiaki Hamada 16

Estimating energy parameters for RNA secondary structure predictions using both experimental 2018

and computational data

IEEE/ACM Transactions on Computational Biology and Bioinformatics 1645-1655

DOl
10.1109/TCBB.2018.2813388




5 0 2

Shun Sakuraba, Junichi lwakiri, Michiaki Hamada, Tomoshi Kameda, Genichiro Tsuji, Yasuaki Kimura, Hiroshi Abe, Kiyoshi Asai

RNA nearest-neighbor parameters for inosine-cytosine pairs derived from a combined experiment-simulation approach

Annual Meeting of the Biophysical Society

2019

20 RNA

2018

RNA

2017

RNA-RNA

2016




Shun Sakuraba

A Computational Study of Free-Energy Changes Upon Protein Mutations

Annual Meeting of the Biophysical Society

2020




