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— bond length (#&&)ICBE955: Hooke®D/\xDiEH
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— charged atomfg]® 73: Coulomb 73
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Conformational Free energy
oo Unfold
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Disordered
Disordered aggregate Cr:,rstal
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Curr Opin Struct Biol. 1999 Feb;9(1):92-101.
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P - 2009 EFEDFOMDE =
L—<3 23 BRI

(I;;l;gth Protein Hardware  Software Citation
1031 BPTI Anton [native] Here
236 ogpW Anton [native] Here
10 WW domam x86 cluster NAMD [10]
2 villin HP-35  x86 GROMACS [6]
2 rhodopsin Blue Gene/LL Blue Matter [25]
2 rhodopsin Blue Gene/L Blue Matter [12]
2 f,AR x86 cluster  Desmond [5]

D. E. Shaw et al., 2009
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« 512/ —RTHBE NS Massively Parallel Supercomputer
o %EEIication-specific integrated circuits (ASICs, T—>wv 2 : FERESE
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B)M3D =35 ARY ND—DJTHES
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— TNLUSNDETEFZEITIsub system
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MDT’O04'S ADGPUIL
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S s Tl e DA S AT e ANl R
L f.:;_'f;r'g',-rr-}.';,r Uk o S TR s D i g e T
T N R L D ARV et W AT LR S
non bonded interaction
- Coulomb force
3 - Van Der Waals force
Ty @
e v ety et e In our work, all of non bonded interactions are
'\._w T"! g"er E*;_} Lf FE {-».‘ ,' r; 1%1 A’r"_:‘;‘i«'n;:ﬂ;’ g:‘:‘;’féga:; * *'_l'::

directly calculated by GPUs.
Protein and water molecules  (ponded interactions are limited inter protein)



Lysozyme

130 residues (2023 [RF)
5685 /K73 (17055 atoms)

N =19078
N*N = 19078*19078 = 3.6397008 * 10”8

CPU:Core-i7 920 DO 2.66GHz

GPU: nVIDIA GeForce GTX295 1.792GB
DDR3 576 MHz

OS: Linux(FedoralO 64bit)

memory: 3GB

1CPU 4.18127 G FLOPS

2Dl A2 AR Cl NDC
LOOTIMNMVU 40V.VU O T LV o

BB KLZF100/F !



CPU Intel Core i7-860 2.80GHzx4 core
256KB x4 L2 caches
8MB L3 cache

GPU GT240 1.34GHz %96 CUDA core
512MB GDDR5

RAM DDR3 SDRAM 6GB

OS Ubuntu 9.04

CUDA toolkit

J\—=3>3.0
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atoms value Serial GPU Serial/GPU
Sec
8 Watt
Joule 0.2775 1.015 0.273
Sec 0.160 0.038121 4.20
64 Watt 115
Joule
Sec 8.280 0.2941 28.1
>12 Watt 121 >
Joule |C784.94& | (3559 > | C 22.1 O
Sec 106508 1554.98 68.5
65536 | wat 136 >
Joule
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o RFE6AEULETIIGPUNSTEIRE., HEILLR
¥ —TEH



atoms value MPI GPU MPI/GPU
(8 processes)
Sec 0.020 0.0089 2.25
£ Watt 168
Joule 3.36 1.015 3.31
Sec 0.090 0.038121 2.36
64 Watt 115
Joule 15.12 4.384 3.44
Sec 3.53 0.2941 12.0
52 Watt ST
Joule 600.1 35.59 16.9
Sec 26164.63 1554.98 16.8
65536 Watt 182 136 C1.34 O
Joule 4761962 211477 22.5
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/I fResul’[S(MF” VS GPU)
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BPTI(PDBID:6PTI)
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(AntonTIX4215/K 73 F
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WWdomain
355k EL . 4741K 5

— .- = L YN\ D P K ..L\*:

(Schulten group TIXFERF2D
BREELELSERDH)
k—%)L 349668 F

explicit water



Lo - ESElS

HPCFT Y OI#RGPUIT SRS
e Intel Xeon 5550 2.66GHz

e DDR3 1333 12GB/node
 NVIDIA GTX480(1.4GHzx480CUDA core)

e InfiniBand SDR

« AMBER11 pmemd®CUDAIR
(IR1E(Isingle GPUDF+. FHEHICmultikRD
INYFHUU—-ADRiAF)
 ffOOSB
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Anton (Shaw group) NCSA(Schulten group)
- 9.8p#¥/H - 111n#¥¥/H
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o TUASRE

e Prion Protein is known as a disease factor of prion
disease such as BSE, scrapie, and CJD.

« Dynamics and functions of the normal cellular form
(PrP¢) remain unknown.

e The process underlying the conformational change from
PrP¢ to its pathogenic isoform (PrP>¢) is inapparent.

Normal  vCJD Nomal BSE Normal pathogenic isoform
CNN
a42%
Both brains have many vacuoles B:3% O. 30%

(microscopic holes). B = 4304
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Virus < > Prion Diseases
nucleic acid to Onlv Protein -
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bovine (<) feline (:x2) canine (4 X) elk(A)

- e e
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CMO001 Chignolin (stable control sequence)
GYDPETGTWG

CMO0O01: Chignolin TUAO
determined by NMR

GPMO012 (unstable control sequence)
GYDDATKTFG

GPMO012: 45-52 residues from 1PGA
and added Gly to N- & C- terminus region

ffO9SB amber force field, 315K, Generalized Born Water
Motel, NTP, 1uS

(all simulations are executed on BlueProtein)

Both condition’s simulations are required 230,400 core
hours.
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Two stable structure’s

cluster.
CMOOl\
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There are no specific
structures.
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GPMO012



[= B

FOINDEDIA—IF
DY MO — T

y
-

Red lines: single directional transitions
Blue lines: bi-directional transitions

K-means clustering of PCA results
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1 Motecular Dynamics Simulation
Based Protein Design

Collaboration:
Dr. Shinya Honda
AIST

Novel protein design in
20 residues or more

New Sequence: YYDPETGTWY
S. Honda et al., "Crystal Structure of a Ten-Amino Acid Protein”,

Journal of the American Chemical Society, 130,
pp.15327-15331, 2008
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o ESEBIRIVE—RT

To obtain binding free energy of protein

and ligand > _ _
affinity between protein and ligand

—— 5 )uE

We developed a system to obtain the binding free
energy between protein and ligand with higher
accuracy.



/~Binding Free Energy AG

AGSoIve
</> water B C o
& 68 AGSOZV@ ~ AGSOZV AGS(;ZV
— C vdw

AGcompIex AGCGmplex - AGcomplex _I_ AGCGmplex
AG = AGCﬂmpfex - AGngp
_ C vdw C vaw
- AGCGWPEEX T AGC””?PEEX o AGS{}IF - AGS{}EN



4.4,

P

1. Molecular Dynamics Simulation o

on many coupling constant Ac. ’ )
0<Ac =<1 1 1
+ A 48, T
10 [ﬁ.-d“-(] — ?ql.d“.)—l-t%“] :| vy (1—; e )+L%ﬂ]
-------- 'l“' '
. & . =0.5
WEe Wk 2. Forward path (condition i to i+1) work

IS obtained from work distribution.

3. Forward path (condition i+1 to i) work
IS obtained from work distribution.

4. AG©,;,, is obtained from cross point of
work distributions.

W =AG*

i+l

N-1
ﬁGC — Z ﬂGJ}CHl
=0 )
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We used 2JUP from the Protein

Data Bank (PDB) as a calculation
object In this study.

O<Ac< 1:0,0.1,0.2,0.3,0.4, 0.5,
0.6,0.7,0.8, 0.9, 1

0<Avdw < 1:0,0.05, 0.1, 0.15, 0.2, 0.25,
0.3, 0.35, 0.4, 0.45, 0.5, 0.55

0.6, 0.65, 0.7, 0.75, 0.8, 0.85
0.9,0.95,1.0

x 30 different initial
velocity simulations
We totally calculated 990 times 1ns NPT _
ensemble MD simulations. 2JUP A
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1. #R—HSZ2DRY T (EEEE2. 4RI TOY TR
« RITBIGPU « CPUICKBRIT B - ADS—RET—FFTOVFv : EBANEMEEE - /(> Rig
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« => PUE 1.28 A F({tiDEIRDTEZ > 5 —(31.7~-2.012E)

3. 95O RRINAY]  BRENREAITRAT A >0
« Windows HPC/Linux’} E4E#10S, EH#IRIEDYR— b
RIBULICKDEBL DT —HI A —IRAT 1 2 THEEDYR—
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— Intel Mx64 CPU a7IZkBIRASEE ]

— &xHE Fermi 270 NVIDIA Tesla GPGPU IZ& 5T RTRL

EE
« NVIDIA Tesla M2050 ##942005 12 &
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(Lustre + home)
1=

__________________

D) Sun SL8500 )

MiFU7 741 W AT L sEIHMDS 088 F—L Storage S i i

HP DL360 G6 30nod ge sServer ' __"7 — !

5 93PB Storage nodes 1.2PB HP DL380 G6 4nodes | TTYATL |

o DDN SFA10000x5 - BlueArc Mercury 100 x2 ~8PB !

-------- (10 enclosures x5) Storage ! !

Lustre (5 Filesystems) DDN SFA10000 x1 : . |

0SS:20 OST: 5.9PB (10 enclosures x1) I -"'" :

MDS: 10 MDT: 30TB NFS.CIFSISCS ' i E

0SS x20 MDS x10 NFS.CIFS x4 AEceI;fatllonXZI L ;

K\ \—I | | | \ I ........ // \\\\ i‘ g Il

Core Switch

O

12 switches

Voltaire Grid Director 4700

179 switches

\IB QDR: 324ports

Voltaire Grid Director 4036
J IB QDR : 36 ports

\$‘ '

bl}i-bl&aliﬂq‘y >
Edge Switch Edge Switch (w/10GbE)

6 switches

N

Voltaire Grid Director 4036E
IB QDR:34ports
10GbE: 2ports

4

Intel Westmere-EP 2.93GHz

(TB 3.196GHz) 12Cores/node
Mem:55.8GB (=52GiB) or 103GB (=96GiB)

GPU NVIDIA M2050 515GFlons

VvV IiInwviwviNn Wiavwv 1 VNl IVNVY)y

3GPUs/node

SSD 60GB x 2 120GB %55.8GB node
120GB x 2 240GB 3 103GB node
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HP 4Socket Server 24nodes
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32Cores/node
Mem:137GB (=128GiB)
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0S: Suse Linux Enterprise
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