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Simulations of Biomolecules Using Molecular Dynamics

Introduction

The first molecular dynamics simulation of a biomolecule was a simulation of bovine pancreatic trypsin inhibitor
(BPTT) in 1977 [J. A. McCammon, B. R. Gelin, and M. Karplus, Narure 267, 585 (1977)]. BPTI was chosen for
simulation bacause it 1s relatively small (58 residues) and a high-resolution x-ray crystal structure was available at
the time (Figure 1). The simmlation was carried out in vacuum and was 9.2 ps in length.

Figure 1. Atomic model and ribbon diagram of BPTL
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Molecular Dynamics Simulations of the
Complete Satellite Tobacco Mosaic Virus

Table 1. Simulated Systems

Name

simFULL
SIMCAPSID 41
simCAPSID oqpzs
simCAPSID zasg
simRNA

Simulated System

RNA/capsid assembly
Capsid alone

Capsid alone

Capsid alone

RNA alone

Temperature (K)

298
310
298
298
298

Time (ns)

13
10
10
10
10

Atoms

1,066,628
932,500
932,500
1,068,969
388,000

System Size

220A x 220 A x
2Z1I0Ax 210 A x
A0A x 210 A x
220A x 220 A x
160 A = 166 A =
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Refinement of the AMBER Force Field for Nucleic Acids: Improving the
Description of a/y Conformers

Alberto Pérez,*T Ivan Marchan,*t Daniel Svozil, ¥ Jiri Sponer,5¥ Thomas E. Cheatham 1,
Charles A. Laughton,** and Modesto Orozco*T 11

*Molecular Modeling and Bicinformatics Unit, Institut de Recerca Biomédica & InstitutoNacional de Bicinformatica, Parc Cientific de Barcelona,
Barcelona 08028, Spain: 'Computational Biology Program, Barcelona Supercomputer Centre, Edifici Torre Girona, Barcelona 08028, Spain;

Sequence Family Length, ns
DICGCGAATTCGCG), B-DNA duplex DD 2 % 200
d(T o A-Tha) Triplex PS 10
d(C -GGy Triplex APS 10
d(Tio-Ao-Arn) Triplex APS 10
d(GGGG), G-DNA PS 10
d(GGGG), G-DNA ATS 10
d(CGCGCGCGCO), Z-DNA duplex 10
dCGCOGAATITCLUG ), A-DNA duplex 10
d(T o A-Tho) A-DNA triplex 10
dATATATATATAT), Hoogsteen duplex 10
nNUUCGGGCGCC)-d(GGCGCCCGAA) DNA-RNA hybrid (PDB code 1FIX) 10
MCGCCAALUCGCG), RNA duplex DD 10
1{GCGAGAGUAGG)1(CCGAUGGUAGU) RNA duplex (NDB code URLOG4) 10
NCOGCGOGCACCGUCCOCGOAACAAACGO) RNA pseudoknot (NDB code URDOO4 ] 10
Nottingham dataset B-DNA 38 X 3
Nottingham dataset Z-DNA 6 X3
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FIGURE 1 Schematic representation of the molecular model vsed to pa-

ameterize o and ¥ torsions. The atom-type definition 1s also displayed.
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NIC Juelich
Barcelona ...

1994 Superpocitacova centra Praha, Brno, Ostrava, Plzen
1996 Metacentrum

1999 vyzkumny zamér Cesnet

2004 EGEE grid

Metacentrum MU + UK
52 MU + 60 UK MIPS SGl Origin2000, Power Challenge

192 Pentium Il IV PC clustery



Coupled Clusters

MFF UK — Fyzikalni sekce
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Celkem: 100 procesoru (Opteron)

NAMD: 40 procesoru (MPI)




IBM Blue Gene 130.000 procesoru (64 cabint, G4x32122)

Cabinet
(32 Node boards, 8x8x16)
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Node Board
(32 chips, 4x4x2)
16 Compute Cards

Compute Card

(2 chips, 2x1x1) k IS 180/360 TF/s
& 16 TB DDR
Chip

(2 processors)

A b 2.9/5.7 TF/s
" 256 GB DDR
= ‘ 90/180 GF/s

¥ 8 GB DDR
=" 5e11206Fs

2.8/5.6 GF/s 0.5 GB DDR




i
@Eﬂﬂ Performance Development

e 3527 61 TF

P Rl

o #500
I Sum

1 FFops e
' 28060 TF
o

100 TFlops -

10 TFlops T
2736 GFE]
g O
g O

Performance

100 GFII:ups-.
10 GFlops -

1 GFlops 1.,

100 MFops

http:/'www top500.0mg/




5 !! A

J U U UEsy i




MDGRAPE 3

=

L

Jﬁﬂ.

~ ﬂrlﬁ 1"'

Wﬂ?ﬂ
ﬁ% : o =
G ] ...._.
...w._

..__.Mu.n._.... nw..... d..ww. £

ot T __..__l..-._ s0 o | g ey

B S i i

I-..‘._..-

e

L. =

L

L Rl _l|t.-.l._|..l.._._

‘.‘...’ﬂ..‘.b"..l.hﬁﬂ. .I..p._ u[":..il. -y n...l =
; tﬂlﬁ.ﬁlﬁl Wi

S

B .I.r T i T

..!n!‘...l.u_l___l. T e 8

S i .
W A B W - s y -
L v
e S b 'l -

¥

oy
|

R R,
_‘._l.ll.-_u.,.!_ﬂaj___. ¥

anth




MDGRAPE 3

MOGRAPE-3
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Figure 1. Block diagram of the MDGRAPE-3 board, which has 12 MDGRAPE-3 chips connected 1n a daisy-
chain and an FPGA (left). Block diagram of the MDGRAPE-3 system, which 1s consisted of the PC cluster with
101 nodes and 402 MDGRAPE-3 boards (right).




System Peak speed | Cost/speed | Power/speed Size/speed
(Gflops) ($/Gflops) | (Watt/Gflops) | (liter/Gflops)
MDGRAPE-3 1,000,000 9 0.2 0.03
Blue Gene/L 360,000 280 4 0.3
PC (Pentium D 3.0GHz) 12 80 25 3

Table 1. Advantages of MDGRAPE-3 against general-purpose computers. The MDGRAPE-3 is superior to
general-purpose computers in all of the three points which are cost/speed, power/speed, and size/speed as under-
lined.

Number of atoms 3.339 4,953 13,101
Without MDGRAPE-3 card (sec) || 346.73 | 844.52 | 9231.70
With MDGRAPE-3 card (sec) 6.38 7.33 34.31

Acceleration 54 115 269

Table 3. Performance of the MDGRAPE-3 card



GPU - NVIDIA - CUDA (Compute Unified Device Architecture)

GFLOPS
300

200-

100 3.0 Gllz

Intel Corg2 Duo

(] e — A —— T I b,
Jan Jun Apr May Nov Mar Nov
2003 2004 2005 2006

Figure 1-1. Floating-Point Operations per Second for the
CPU and GPU
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