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GENESIS and applications to the phase behavior of

intrinsically disordered proteins (IDPs) (#834: Tan)
4) BEHRIA~ AE DR O 4 1E 2 LA BEARAT (A2 0 FHAT)

2. BAREZLRING, BRI

1) Development of group temperature/pressure evaluations

and its test with a large time step

In this fiscal year, we developed group—based temperature
and pressure (group T/P) evaluations in isothermal—isobaric
molecular dynamics simulations. It is based on the accurate
temperature and pressure evaluations in previous fiscal
years. It increases the overall performance by avoiding
iterations in thermostat and barostat updates. It also
enables us to perform multiple time step integration where
time—consuming updates are considered less frequently. We
tested our developed scheme on RIKEN supercomputer,

finding that it is reliable up to 3.5 fs for multiple time step

integration and 5 fs for conventional integration.

We have implemented the latest CG models for protein
(AICG2+), DNA (3SPN.2C), RNA (structure—based) in
GENESIS. We also introduced the PWMcos model for
protein—DNA sequence—specific recognition. Particularly,
we also employed a knowledge—based model for the
intrinsically disordered protein. After the development of
these models and simulation methods, we fine—tuned the
parallelization scheme to optimize the computational
efficiency. Finally, we applied these CG simulation methods
to study the phase behaviors of the IDPs in different

biological processes.
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1) Development of group temperature/pressure evaluations

and its test with a large time step

From the tests, we first observed that group T/P reduces

errors from inaccurate temperature and pressure
evaluations. The main reason of the error reduction comes
from the fact that group T/P does not consider vibrational
motions within the hydrogen group. Second, we found that
our newly developed integration scheme shows the same
physical properties of lipids up to 5 fs with conventional
integration and up to 3.5 fs with multiple time step
integration (Figure 1). Group—based evaluation does not
affect the accuracy if accurate temperature/pressure
evaluations are assigned. Finally, we found that our new
integration scheme increases the performance more than
twice by avoiding iterations in thermoat/barostat updates

and allowing the large time step.
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Figure 1. Order Parameter of the first and second chains of

DPPC lipids

2) AFL VA REOHBAERAART ¥V, BHRFIED
B

KR DI BAF AL TR T L DFENLEL, F-1
A BEREOfERE AT o T2, WERD NY5(Li et al. JCTC 9,
2733, (2013)) Tl 8 BN CTH-oT=AY, A RIE AL T
X TERNLEIR > TNDZEa MR LI (K 2) . Tz s
B THINNYTIAT R FITHEAL, BT DA
=5 R E RO EAEH O ZAT T2,

Green : Cl [ 1 2 3 4 5 6 7 8
. Distance (A)

X 2. (A) KCl AK¥EWE BN T IAFAATKET DALY

DENE AR BEECR) SRR

3) Coarse—grained (CG) simulation method development in

GENESIS and applications to the phase behavior of

intrinsically disordered proteins (IDPs)

3.1) We have finished the developments of the CG

models in GENESIS and is preparing for the new release of
the code.

3.2) We applied our CG models to simulate a new
class of IDPs, the HERO proteins, which have been
proposed to be able to prevent the harmful condensation in
cells. As a control, we also simulated a typical
phase—separating IDP, the FUS. Our simulation results
clearly show the different sequence—dependent properties
of these two different IDPs that FUS forms condensation
during the simulations while HERO proteins remain in the

sparse state (Figure 3).

FUs

6 8 10
MD steps (x10°)

%?% 3 W )

HERO

Figure 3. Different phase behaviors of FUS and HERO
proteins. Top left: final structure of FUS condensation; top
right: time series of FUS density (represented by blue
representative structure of HERO

intensity); bottom:

proteins in the simulations.
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4. F&O

1) Development of group temperature/pressure evaluations

and its test with a large time step

We developed group—-based temperature and pressure
evaluation scheme and tested on RIKEN Hokusai. It allows
us to perform MD with a large time step without any loss of

accuracy.
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3) Coarse—grained (CG) simulation method development in

GENESIS and applications to the phase behavior of

intrinsically disordered proteins (IDPs)

We have utilized Hokusai for our development of CG
methods in GENESIS and have applied them to the studies
of cutting—edge biophysical phenomena such as phase

separation of IDR.
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