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Polylib
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2013 NOBEL PRIZE IN CHEMISTRY

Martin Karplus
Michael Levitt
Arieh Warshel

2013E /_l\.}l/ﬂ:."“"“' cLowk +m

PE ’ ﬂ .
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ERMEDEE

Taking the Experiment to Cyberspace

Previously, classical physics and quantum chemistry belonged to rivalling
worlds. The Nobel Laureates in Chemistry 2013 have opened a gate between
those worlds and have brought about a flourishing collaboration.

http://www.nobelprize.org/
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GENESIS

(Generalized Ensemble Simulation
Systems)

Computational Biophysics Research Team
(RIKEN Advanced Institute for Computational Science)
March, 2014
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All-atom MD simulations of proteins
 Molecular dynamics simulations.

— Solve Newton’s equation of motion, using potential energy
functions (CHARMM, AMBER, OPLS etc.).

d*r; (t) du(r™)
L =F(t) =

dt? () dr, , 2

0t = k() + 3 K, (0-6)
bonds angles
[ ) N R/ ° q.q.\

+ Z K¢[1+C05(n(0—5)]+ Z <£ij _min — 2| min +#}
torsions nonbonds r, i rij gri j

e But, MD is a very time-consuming calculation.

— To simulate protein dynamics for millisecond, we need to solve
Newton’s equation of motion for 1012 times.
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Protein Conformational Changes

* Protein undergoes large conformational changes to work as a
molecular machinery.

ATP-binding and hydrolysis

o N
Phosphorylation site |, Praws

N ¥ v *‘ S
’ ™
S D c Release of Ca2+
Ca%*-pump (E1-2Ca?*) Ca%*pump (E1~P-ADP) CaZtpump (E2P) CaZ*pump (E2)

Conformational changes in the crystal structures of SR Ca?*-ATPase

Can we simulate such large conformational changes of
membrane proteins using supercomputers?
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All-atom MD simulations of proteins
BPTI (58 amino acid residues) in gas

/ @:V;g%h 9 ps
atoms)

1977 MD in vacuum
Ca**-pump in membrane (259,998

< 1000 atoms

-+—1980
1983 Normal Mode Analysis X ‘. s
1988 MD in water
-1
790 < 10000 atoms S
%
S ol
SHe
1998 MD for 1 microsecond ;‘a
-1—2000 g, 3
< 50000 atoms

Size of the system : 100-1000 times larger ‘i @&« <
Simulation length : 10° times longer RRE)

=+=2010 —
MD for 1 millisecond

v
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GENESIS
(Generalized Ensemble Simulation Systems)

1. Aims at developing efficient and accurate methodologies for
free-energy calculations in biological systems

2. Efficient Parallelization - Suitable for massively parallel
computers, in particular, K

3. Applicability for large scale simulation

4. Algorithms coupled with different molecular models such as
coarse-grained, all-atom, and hybrid QM/MM

5. Generalized ensemble with Replica Exchange Molecular
Dynamics
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GENESIS developers

Project Leader : Yuji Sugita

Main developers: Jaewoon Jung and Takaharu Mori

Developers : Chigusa Kobayashi-lwahashi
Yasuhiro Matsunaga
Takashi Imai
Takeo Yoda
Norio Takase (Isogo soft)



AR EETE  GENESIS

Molecular Mechanics (Force field)

1. The basic functional form of a force field encapsulates both -
Bonded terms relating to atoms that are linked by covalent bonds

Non-bonded terms describing the long-range electrostatic and van der Waals forces

2. Aforce field defines a set of parameters for each type of atom.

E l -
fota Bonded term

1 1 1
Zbondsgkb (b — bo)z + Zanglesgka(g - 90)2 + ZtorsionsEVn[l + cos(nw — y)] 1+

_ roii\ L2 roi\®|  aia; ]| Non-bonded term
Yot Xitjen {Eij [(ﬂ) — 2 (ﬂ) ] +

Tij Tij 4-7T£Tij

Parameters ky, by, kq, 00, V)V, €ij, Toij, and q; are defined according to each atom type.
3. The bottleneck of the computation is the non-bonded energy calculation due to O(N?)

computation steps for N particle.
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Speed up and high parallelization schemes

Time-consuming operations of non-bonded energy calculation
are avoided and parallelized

e New lookup table approach ungetat, . compt, chem.(2013))
i Mldelnt cell methods (Jung et al., (submitted))
 Parallelization of FFT (Jung et al., (in preparation))

File I/O are parallelized in order to use huge nodes

e Parallel I/O scheme
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System : 11.2 M atoms (time step = 2fs)
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Capability of GENESIS | . ...,

Generalized Ensemble Methods
e Replica-exchange MD

(Sugita & Okamoto, Chem. Phys. Lett. (1999), Sugita et al., J. Chem. Phys. (2000))

e Surface-tension replica-exchange MD

(Mori et al., J. Chem. Theo. Comput.(2013))

All atom model (CHARMM)

Coarse Grained model (Ca-GO model)

Coming out in middle of March
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Computational performance of NICAM ( Non-
hydrostatic icosahedral atmospheric model)
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Computational performance of NICAM ( Non-

hydrostatic icosahedral atmospheric model)
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SCALE (Scalable Computing for Advanced

SCALE

Library and Environment)
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