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Molecular dynamics study on proteins searching for the recognition sequence of
DNA
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Molecular dynamics simulations are performed to explore the kinetics of a
protein searching for the recognition sequence of DNA. By applying bias force, various protein
motions were induced. Among them, a possible motion was obtained when the bias force was applied to
the direction from the binding site to the protein center of mass. Simulations with this setting
successfully produced spiral motion of protein where the protein slides on the DNA while maintaining

the DNA-protein contact surface. Results of free-energy calculations suggest that such protein
sliding is much preferred to dissociation. Relation between free-energy profiles and transition rate
constant is also discussed within the framework of transition state theory, which enables us to
make more reliable discussion about the protein kinetics.



DNA
DNA
DNA

NMR

[Zukrzewska, Lavery, Curr. Opin. Sruct. Biol.

2012] DNA
DNA
DNA
DNA
[Blainey et al, Nat. Sruct. Biol. 2009]
DNA

[Kampmann, J. Biol. Chem. 2004]

DNA

Soveveyy

DNA

DNA

DNA X
NMR

Adaptive Biasing Force (ABF)
[Darve et al, J. Chem. Phys. 2008]

AMBER10
DNA
ABF AMBER10
DNA
NMR
DNA DNA
DNA
DNA
DNA
Amber ffO9SB  bsc0 TIP3P
K+
300K
2
fs
weak coupling
ABF
CsHs 2



1.5 T T T
— r
g
= o5
g -0.5
-1
-1.5
2
COM-COM distance [A]
DNA
DNA
ABF
3
DNA
DNA
DNA
DNA
DNA

DNA

16 kcal/mol

T
S

Specific @
Nonspecific  ©

Si N

Free Energy G
[kcal/mol]

25 1 1 L

10 15 20 25
Protein-DNA distance & [A]

DNA

Specific  Nonspecific

DNA
DNA

DNA

DNA
DNA

16 kcal/mol
DNA
8.7 kcal/mol

exp [-(8.7-16)/ksT] = 1.9 x 10°
19

30

1

DNA

8.7 kcal/mol

KIST = ksT _ exp[=G () [ksT]

2 [ exp [~G (r) [kpT] dr

u r

r*

kTST



DNA-

Free energy G(¢) [kcal/mol]

& & N o N s o ®
T

. 0 2 4 6 8
Reacthe FluX Distance from the binding site & [A]
kTST _

0.108 ps’ r
G(r)
(1) kTST
=0.113 ps’

(1) KIST DNA

kTST

kTST

DNA
KTST

DNA
k kT ST

DNA

DNA

DNA DNA

2
, DNA
, 17, 111-115,

(E=~2 A) (2015).
https://doi.org/10.11436/mssj.17.111

Y. Yonetani, Distinct dissociation kinetics
between ion pairs: Solvent-coordinate
free-energy landscape analysis, Journal of
Chemical Physics, 143, 44506 (2015).
https://doi.org/10.1063/1.4927093

6
Y. Yonetani, Dissociation Free-Energy Profiles of
Specific and Nonspecific DNA-Protein
Complexes, International Symposium on
Extended Molecular Dynamics and Enhanced
Sampling (Nose 30), 2014 11 11 ,




. DNA
, 28
, 2014 11 12

, DNA
2015 6 26 ,

, Atomic-Scale View of Biomolecular

Hydration: From Structure to Kinetics,
53 , 2015
9 14

,2016 12 01 ,
30 ,

Y. Yonetani, Free-Energy Landscape Approach
for Understanding Molecular Rare Event,
, 2017 5

o
YONETANI YOSHITERU

80399419




