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Amino acid

AMINO ACID
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Side-chain-1

EXAMPLES OF AMINO ACID
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MYOGLOBIN (N=153)

Mb-1



MYOGLOBIN (N=153)

a-HELIX

Mb-2



. MYOGLOBIN (N=153)

Mb-3



IMMUNOGLOBULIN

B-SHEET



TPI

TRIOSE PHOSPHATE ISOMERASE
(N=248)

a-HELIX and [B-SHEET

TPI
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Af-1

Anfinsen’s Experiment (1960’s)




Af-2

Anfinsen’s Experiment (1960’s)
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Anfinsen’s Experiment (1960’s)
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ANFINSEN'S DOGMA
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n(E)

Pg(E) = n(E)Wp(E)
A

> E

Density of States

L

VKB(E) =exp(- BE)

— E

\.* Canonical Probability Distribution
E

Boltzmann Factor

cano



Met-Enkephalin:
Global Minimum Structure in Gas Phase

ly-Phe-Met
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(Simulated Annealing)

S. Kirkpatrick, C. Gelatt, Jr. & M. Vecchi, Science 220, 671 (1983).

Reproduce a Crystal-Making Process on a Computer

SA-1



[] (Simulated Annealing)
Pg (E)

P.(E) = n(E)W ,(E)

0O

SA-2
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 H. Kawali, T. Kikuchi & Y.O., Protein Eng. 3, 85 (1989).

See also:

 S. Wilson, W. Cui, J. Moskovitz & K. Schmidt, Tetrahedron Lett. 29, 4373 (1988).
 C. Wilson & S. Doniach, Proteins 6, 193 (1989).

 A. Brunger, J. Mol. Biol. 203, 803 (1988).

M. Nilges, G. Clore & A. Gronenborn, FEBS Lett. 229, 317 (1988).

For a review see;

* Y.0., Recent Res. Devel. In Pure & Applied Chem. 2, 1 (1998).
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MUCA

Multicanonical Algorithm

P.,(E) =nE)W _ (E) = const

A
uniform (flat) distribution in energy
W (E) = n(E)
~_ E

Emin Random Walk in Energy Space



MULTICANONICAL ALGORITHM

B. Berg & T. Neuhaus, Phys. Lett. B267, 249 (1991).
B. Berg & T. Neuhaus, Phys. Rev. Lett. 68, 9 (1992).

Step 1: Iterations of Short Preliminary Runs to
Determine the Multicanonical Weight Factor Wmu (E)

Step 2: One Long Production Run
Step 3: Analyze the Data to Obtain:
* Global-Minimum Energy Conformation
* Thermodynamic Quantities for Desired Temperatures
(by Ferrenberg-Swendsen Histogram Reweighting
Techniques)
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MC Version:
« U.Hansmann & Y.O., J. Comp. Chem. 14, 1333 (1993).

See also:

« M. Hao & H. Scheraga, J. Phys. Chem. 98, 4940 (1994). (ENTROPIC
SAMPLING)

MD Version:

« U. Hansmann, Y.O. & F. Eisenmenger, Chem. Phys. Lett. 259, 321 (1996).
See also:

* N. Nakajima, H. Nakamura & A. Kidera, J. Phys. Chem. 101, 817 (1997).

« C. Bartels & M. Karplus, J. Phys. Chem. B 102, 865 (1998). (ADAPTIVE
UMBRELLA SAMPLING)

For reviews see:

 Y.0O., Recent Res. Devel. in Pure & Applied Chem. 2, 1 (1998).

« U. Hansmann & Y.O., Curr. Opin. Struct. Biol. 9, 177 (1999).

« U. Hansmann & Y.O., Ann. Rev. Comp. Phys. VI, D. Stauffer (ed) (1999) 129.
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(Generalized-Ensemble Algorithm) [ [ [

A 1/k SAMPLING: B. Hesselbo & R. Stinchcombe, Phys. Rev. Lett. 74, 2151 (1995)
Uniform distribution in entropy
« U.Hansmann & Y.O., J. Comp. Chem. 18, 920 (1997).

B EXPANDED-ENSEMBLE METHOD: A. Lyubartsev, A. Martinovski, S.
Shevkunov & P. Vorontsov-Velyaminov, J. Chem. Phys. 96, 1776 (1992).

Also referred to as:

SIMULATED TEMPERING: E. Marinari & G. Parisi, Europhys. Lett. 19, 451
(1992).

Uniform distribution in temperature
« U.Hansmann & Y.O., J. Comp. Chem. 18, 920 (1997).
See also:

 A.lIrback & F. Potthast, J. Chem. Phys. 103, 10298 (1995).
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(Generalized-Ensemble Algorithm) [ [ [

C TSALLIS STATISTICS: U. Hansmann & Y.O., Phys. Rev. E 56, 2228 (1997).
See also:

* |. Andricioaei & J. Straub, Phys. Rev. E 53, R3055 (1996).

« U. Hansmann, Physica A 242, 250 (1997).

D REPLICA-EXCHANGE METHOD: K. Hukushima & K. Nemoto, J. Phys. Soc.
Jpn. 65, 1604 (1996); K. Hukushima, H. Takayama & K. Nemoto, Int. J. Mod.

Phys. C 7, 337 (1996).
See also:
« R. Swendsen & J. Wang, Phys. Rev. Lett. 57, 2607 (1986). (REPLICA MC)
 C. Geyer, in Comupting Science and Statistics: Proc. 23rd Symp. (1991) 156.

« M. Tesi, E. van Rensburg, E. Orlandini & S. Whittington, J. Stat. Phys. 82, 155
(1996). (MULTIPLE MARKOV CHAIN METHOD)

e E. Marinari, G. Parisi & J. Ruiz-Lorenzo, in Spin Glasses and Random Fields
A. Young (ed) (1998) 59. (PARALLEL TEMPERING)
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(Generalized-Ensemble Algorithm) [ [ [

D REPLICA-EXCHANGE METHOD (REPLICA MC, MULTIPLE MARKOV
CHAIN METHOD, PARALLEL TEMPERING, etc.)

MC Version:

 U. Hansmann, Chem. Phys. Lett. 281, 140 (1997).
 A.lIrback & E. Sandelin, J. Chem. Phys. 110, 12256 (1999).
M. Falcioni & M. Deem, J. Chem. Phys. 111, 1754 (1999).
« Q.Yan &J.de Pablo, J. Chem. Phys. 111, 9509 (1999).
MD Version:

 U. Hansmann, Chem. Phys. Lett. 281, 140 (1997).
 Y.Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).



REMD-1

e 1. Generalized Ensemble
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REMD-3

NN NN ERER NN

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

1. Probability Distribution of the Generalized Ensemble
0 M | im)\
Weew({ X}) = exp- 5 BoH (@™, p"m))%whereH (g, p) = K(p) + E(0)
m=1

2. Exchange between replicg3.) andj (B.)

OX:L2,L i(Bm) J(Bn).L M
"1L2,L J(Bn).J(Bm).L .M

3. Detailed Balance Condition
Weem O3 WX - X)) =Wegm({ X' PW(X' - X)

4. Velocity Scaling
oi(M = /&pi(m) pi(m = /ﬁpj(n)
Bn Bm

5. Transition Probability

1 forA <O
w(X - X')=H

fexp(-A) forA>0 whereA = (3, —Bm)(E(q(i))_ E(q(j))]



REMD-4

Met-Enkephalin in Gas Phase

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

Time Series of Replica-Exchange and Potential Energy
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REMD-5

Met-Enkephalin in Gas Phase

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

Acceptance Ratio

200K= 239K 0.160 21
239K 286K 0.149

286K- 342K 0.143 @ 4} """
342K~ 409K 0.139 £ _|
409K - 489K 0.142 |

INP(E)

489K < 585K 0.146 81
585K<= 700K 0.146

A |
-200 -150 -100 -50 0 50 100

Potential Energy (kcal/mol)




REMD-6

Met-Enkephalin in Gas Phase

Y. Sugita & Y.O., Chem. Phys. Lett. 314, 141 (1999).

Distributions of ( @ ¢) of Gly-2 at T =200 K
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REMD-7

Alanine-Dimer in Water (Level 3)

228 Water Molecules
Y. Sugita & Y.O., Prog. Theor. Phys. Suppl. 138 (2000), in press.

Time Series of Potential Energy
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C-peptide-1

C-Peptide (N = 13): X-Ray

C-Peptide of Ribonuclease A
Amino-Acid Sequence:
Lys-Glu-Thr-Ala-Ala-Ala-Lys-Phe-Glu-Arg-
GlIn-His-Met



C-peptide-2

C-Peptide (N = 13): X-Ray Level O (Gas Phase)

RMSD =19 A

H. Kawai, Y.O., M. Fukugita, T. Nakazawa & T. Kikuchi, Chem. Lett. 1991, 213.
Y.O., M. Fukugita, T. Nakazawa & H. Kawai, Protein Eng. 4, 639 (1991).



C-nentide-R

C-Peptide (N = 13): X-Ray Level O (Gas Phase)

RMSD =19 A

Level 1

U. Hansmann & Y.O., J. Phys. Chem. B 102, 653 (1998).
U. Hansmann & Y.O., J. Phys. Chem. B 103, 1595 (1999).

RMSD =1.4 A



C-peptide-4

C-Peptide (N = 13): X-Ray Level O (Gas Phase)

RMSD=19A

Level 2

Level 1

RMSD=1.4A RMSD =0.8 A

M. Masuya, T. Nakazawa & Y.O., in preparation.




































BPTI-1

BPTI(16-36) (N = 21): X-Ray

Fragment of Bovine Pancreatic Trypsin Inhibitor
BPTI(16-36)

Amino-Acid Sequence:
Ala-Arg-lle-lle-Arg-Tyr-Phe-Tyr-Asn-Ala-
Lys-Ala-Gly-Leu-Cys-GIn-Thr-Phe-Val-Tyr-
Gly



BPTI-2

BPTI(16-36) (N = 21): X-Ray Level O (Gas Phase)

T. Nakazawa, H. Kawai, Y.O. & M. Fukugita, Protein Eng. 5, 495 (1992).



BPTI-3

BPTI(16-36) (N = 21). X-Ray Level O (Gas Phase)

T. Nakazawa & Y.O., J. Peptide Res. 54, 230 (1999).



BPTI-4

BPTI(16-36) (N = 21). X-Ray Level O (Gas Phase)

Level 2

Y.O., M. Masuya, M. Nabeshima & T. Nakazawa, Chem. Phys. Lett. 299, 17 (1999).



(120000-300000 MC Sweeps)

17-Residue Helical Peptide
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17-Residue Helical Peptide (120000-300000 MC Sweeps)
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Hpoly-1

Helix Propensities of Homopolymers: (Ala)io, (Val)10 & (Gly)10

Average Helicity (Level 2)
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Level 0: Y.O. & U. Hansmann, J. Phys. Chem. 99, 11276 (1995).
Level 2: A. Mitsutake & Y.O., Chem. Phys. Lett. 309, 95 (1999).



Hpoly-2

Average Energy of (Ala)1o

Level O (Gas Phase) Level 2
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A. Mitsutake & Y.O., Chem. Phys. Lett. 309, 95 (1999).



Hpoly-3

Specific Heat of (Ala)io

x' ' i ' Aia(Gés} s
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Helix-Coil Transition Temperatures:
T =420 K (Level 0)

T =340 K (Level 2) |
A. Mitsutake & Y.O., Chem. Phys. Lett. 309, 95 (1999).



B1 Domain of Streptococcal Protein G

56 amino-acid IgG-binding domain of Protein G (N = 56)
has an a-helix and a four-stranded -sheet

Amino Acid Sequence:
1 2 3 4 5 6 7 8 9 10

MET THR TYR LYS LEU ILE LEU ASN GLY LYS
|<--- B-strand --->|
THR LEU LYS GLY GLU THR THR THR GLU ALA
|<--- B-strand --->|
VAL ASP ALA ALA THR ALA GLU LYS VAL PHE
|<--- a-helix
LYS GLN TYR ALA ASN ASP ASN GLY VAL ASP
___>| |<___
GLY GLU TRP THR TYR ASP ASP ALA THR LYS
B-strand --->|
THR PHE THR VAL THR GLU
|<--- B -strand --->|



Pg-mv-slow

Protein G

Multicanonical MC X-Ray
(Level 1 Solvation)




Pg-mov-fast

Protein G

Multicanonical MC X-Ray
(Level 1 Solvation)
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