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Elementary Process

Informatics 3D Structure
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Protein Functions
from the viewpoints of structures

“A series of structure changes and accompanying
chemical reactions initiated as a response to the
external interactions”

1. Interactions
2. Structural Changes & ¢ Static 3D Structures

3. Chemical Reactions




Protein Folding
Unique Correspondence between Structure and Function

Biological problems
translation
translocation
coupling with interactions
chaperons
diseases

Physical problems
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Structural Change of Adenylate Kinase




Water Transport in Aquaporin
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Comparative Simulations of Aquaporin Family
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2. REBOIRZEVNCDODVWTOETIL

“A series of structure changes and accompanying
chemical reactions initiated as a response to the
external interactions”

1. Interactions

2. Structural Changes

3. Chemical Reactions

Linear Response Theory

“A series of structure changes initiated as a
response to the external perturbation”

V4

perturbation
Py 4

equilibrium

response

Equilibrium Fluctuation

(ar), = g3 (AnAr))

Structural Change




Nonequilibrium Simulation

Equilibrium Simulation

Application

Ligand Binding
as a Perturbation

Structural Change
as the Response

HPPK
6-hydroxymethyl-7,8-dihydropterin
pyrophosphokinase




Molecular Dynamics Simulation of HPPK

HPPK with no ligand
in 10,000 water

10 nsec
PME
Results of Prediction
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Ferric Binding Protein

Blue: unbound form (1D%V)
Red: bound form (1MRP)
Magenta: Glus8

Yellow arrow: Applied force
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Multicanonical MD Simulation of a Protein in Water

Chymotrypsin Inhibitor 2




Multicanonical MD Simulation
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Rhodopsin Photocycle

~1us MD simulation of ~50,000 atoms
Blue Matter/Blue Gene
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MC Pitman, A Grossfield, SE Feller, Annual Meeting of Biophysical Society, 2006

Ribosome

2.64 x 106 atoms 20 ns About 10¢ computer hours

ASCI Q at Los Alamos National Laboratory

the movement inside the ribosome of the
aminoacyl-tRNA from the partially bound
"A/T" state to the fully bound "A/A" state.

P A

ws | & Staget

KY Sanbonmatsu, S Joseph, and C-S Tung, Proc Natl Acad Sci U S A. 102,15854-9 (2005)




Satellite Tobacco Mosaic Virus

1.07 x 10¢ atoms 53 ns
256 Altix nodes at NCSA

The simulation is the first
to capture a whole
biological organism in
such intricate molecular
detail.

Peter L. Freddolino, et al., Structure 14, 437-49 (2006).
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Context

Fatty Acid Synthesis

Jenni§, et al. Science 311, 1263 (2006)

Context
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Folding

Ay
Sequence

Proc. Natl. Acad. Sci. USA 92 (1995}

Folding
3D structure

Response

Molecular function

Cellular funetion

PIalb—23 > DEEARERT SFolding

Unfolding simulation of a-lactalbumin
at high temperature

Folding Unfolding
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Folding of a Miniprotein

Trp-Cage (20 residues)

10 ms MD (200 x 50 ns)
by Titech Grid (800 CPU)

58 folding
31 unfolding

Phylogeny of Trajectories




False Funnel

Non-ring: 26

Number of Active Folding@Home CPUs
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Folding@homa distributed computing
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