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. #&mi& (simulated annealing; SA)  Kawai, Kikuchi & Y.O. (1989)

. RILFH/=HILiE(MUCA) Hansmann & Y.O. (1993)

. RILFAH/=HILMDjE (MUCAMD) Hansmann, Y.O. & Eisenmenger (1996)
. FEEEREL % (simulated tempering; ST) Hansmann & Y.O. (1997)

1/ki% Hansmann & Y.O. (1997)

. Tsallis #E5HICEDHRET YT ILik Hansmann & Y.O. (1997)

LFAH3E#MDE (REMD)  Sugita & Y.O. (1999)
ZEHL T ALK (MREM)  Sugita, Kitao & Y.O. (2000)
L) AZRBBBRIRILTF—EHNESLIVLTIARBTILSY LTIV %
(REFEP & REUS) Sugita, Kitao & Y.O. (2000)

LTV HZBRTILFH/=HILiE(REMUCA)  Sugita & Y.O. (2000)
. RIVFH/ZHILLT) hEZH#EE (MUCAREM)  Sugita & Y.O. (2000)
L) HZEEEERLE(REST)  Mitsutake & Y.O. (2000)
.NPTROLT)AHZH#E  Nishikawa, Sugita, Mikami & Y.O. (2000)
.Ab initio L7YHIE#E  Ishikawa, Sugita, Nishikawa & Y.O. (2001)
GEGHIRRERALAFI&SE Hiroyasu, Miki, Ogura & Y.0. (2002)
. RILFA—/N\—5vF&%  Berg, Noguchi & Y.O. (2003)
. ZILFNPT% (3F8:MUBA, MUTH & MUBATH)  Okumura & Y.O. (2003)
BEERLLUAIEME (STREM)  Mitsutake & Y.O. (2004)
. ZJLFNPT MDj%E (MUBATHMD)  Okumura & Y.O. (2004)
. RIVFA—/N\—FyTMDi%  Itoh & Y.O. (2004)

RO EFENSBALIZFE  KEIHEEICHAELI-FE



Yalb—arFik

o VEal—iarvBRIRILFT—B/MREICEESLZLRNGTFER
4 -L\é

ROFEEERTHEEERLTES:
* JRBE 7Y TJILi%k (Generalized-Ensemble Algorithms)

IRILEF—ZEFEDFTUE LOA—IERBR LTI RILF—1B/MRRE
[CBELIDEE(TEIaL—aVFEDOBTIR
Bl (X, <ILFH/=HhILiE(Multicanonical Algorithm)
fBEEERLE (Simulated Tempering) . LFH3E# % (Replica-Exchange
Method) . 1/k Sampling . Tsallis #t&t, etc.]
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17-Residue Helical Peptide (120000-300000 MC Sweeps)

Simulation and movie by A. Mitsutake
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Challenge the prediction of the 3-dimensional
structure of a small protein by MUCAREM.

Villin headpiece subdomain R = 30A 3550wat, 11246atom
(36 amino acids; 596 atoms)
In sphere of water of radius
30 A (3513 water molecules);
altogether 11,135 atoms

T. Yoda, Y. Sugita & Y.O., in preparation.



Initial Conformation

First REMD In
gas phase with
96 replicas

Then REMD In
water with
96 replicas

Then
MUCAREM in
water with

8 replicas



Y.O., T. Yoda & Y. Sugita, in preparation.

Villin headpiece subdomain

(36 amino acids; 596 atoms)

in sphere of water of radius 30 A

(3513 water molecules);
altogether 11,135 atoms

MUCAREM simulation



Native Helices:

1. Res.No.4~ 8

2. Res. No. 15 ~ 18
3. Res. No. 23 ~ 32

Average Helicity (DSSP): T = 300 K
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T. Yoda, Y. Sugita & Y.O., in preparation.



Protein G (56 amino acids; 786 atoms) ¥k SaL—42FF

sphere of radius 50 A (number of water molecules: 17,187)
Total number of atoms in the system: 52,416)

Initial Conformation:

A. Mitsutake, T. Yoda, Y. Sugita, T. Nishikawa, Y. Sakae & Y.O., in preparation.



Snapshots #zkSzal—4%FIFE

A. Mitsutake, T. Yoda, Y. Sugita, T. Nishikawa, Y. Sakae & Y.O., in preparation.



B2 N\VBDILIFEET R

H. Kokubo & Y.O., Chem. Phys. Lett. 383, 397-402 (2004).
H. Kokubo & Y.O., J. Chem. Phys. 120, 10837-10847 (2004).
H. Kokubo & Y.O., J. Phys. Soc. Jpn. 73, 2571-2585 (2004).
H. Kokubo & Y.O., Chem. Phys. Lett. 392, 168-175 (2004).
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Ref.: SEERHE, £YMIE 42, 104 (2002).
See also, A. Krogh et al., J. Mol. Biol. 305, 567 (2001).



Ca ATPase

PDB code: 1eul From: RO FEEHDFR—LR—D
http://www.iam.u-tokyo.ac.jp/StrBiol/index.html



Cytochrome c Oxidase
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From: R REB A RHDHR—LR—D

PDB code: 2occ

http://www.protein.osaka-u.ac.jp/crystallography/
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DIMERIC TRANSMEMBRANE DOMAIN OF HUMAN
GLYCOPHORIN A Simulation and movie by H. Kokubo

MC step seires of temperature exchange MC step series of the total potential energy
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H. Kokubo & Y.O., Chem. Phys. Lett. 383, 397-402 (2004).
L)AL ZaL—a0 DFER
RERIBE L TRIEED LR
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RMSD 0.59A(&=1.0
PDB code: 1AFO (€ )



Bacteriorhodopsin (Case of 7 Helices)

H. Kokubo & Y.O., Chem. Phys. Lett. 392, 168-175 (2004).

Native Structure




Bacteriorhodopsin
PDB structure

GF E
DCBA
Native structure (PDB code: 1C3W). Retinal is purple.

Seven transmembrane helices from A to G.
This figure was drawn without lipid molecules and loop regions.



REMC
from above)

Replica 14

Native structure




REMC
(from above)

Replica 14

Native structure




H. Kokubo & Y.O., Chem. Phys. Lett. 392, 168-175 (2004).

LLocal Minimum Structure

Native Structure Replica 14



H. Kokubo & Y.O., Chem. Phys. Lett. 392, 168-175 (2004).

Local Minimum Structure

Native Structure Replica 14
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