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CHEMISTRY:

PHYSICS:
(Industry)

COSMOLOGY: Big Bang theory,
General Relativity,
Cosmological Principle
COBE, WMAP,

Fluctuations in Cosmic Microwave Background

Nilkinson
Wicrowave Anisotropy Probe
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http://map. gsfo. nasa. gov

NASA




LIFE SCIENCE:

Bioinformatics Protein Folding Theory, Energy
Landscape Theory, Go model, Homology Modeling

o
e DNA
A. Wada -> Genome Project
. of the sequence present in genomes are
C. Chothia -> g P J

related to entries in the current sequence
databank, and of the current sequence
belong to one of the protein families.
(1992)



Biological Function

Structure-Function
Relationship

Structural
Genomics

Structural
Biology

Folding Problem

Mucleic Acid Seguence Space/
Amino Acid Sequence Space

Genetic Information

Wi |kinson
Microwave Anisotropy Probe
CARAR) T 18

http://map, gsfo. nasa. gov

WMAP/NASA




Protein Folding Theory

Energy Landscape

Funnel

Evolution,

Natural Selection

good folder vs bad folder

Foldability = T,/ T,

Contact Order =(1/LN)Y A
D. Baker (1998)

Go model
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The Latest Frontiers of
Computational Biophysics

e TIME
e« SIZE
« ACCURACY

Realistic Simulation



Ab initio Protein Folding

e P.Kollman (1998) (Force-Field)

e Y. Okamoto ( )
* V.S. Pande (Folding@Home)
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http://wwa. sciencemag. org

HP36: The smallest protein that
can fold automatically. Folding
time 10 100 u sec. Science, 1998,

282, 740-744
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Size

http://www. sciencemag. org

B.L. de Groot, H. Grubmuller (2001)

Aquaporin, tetramer (100,000 atoms, 10ns, 16 full
permeation  10°/[s], Science, 2001, 294, 2353-2357 )



Accuracy

o Force-field (S. Ono, J. Higo
2000)

» Electronic State Calculations (T. Yamato,
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Condon
Fermi

kET = ‘TDA‘Z(FC)
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Theoretical approach

Rossky et al. (J.Chem.Phys. 1997,107) decoherence
function D(t) guantum transition rate

o= (L avse v Oeo| Loeat o ()

The relationship between the Frank-Condon factor and the
decoherence function

ZKi f >\25(AE12) = %xa[ "5 Dt ot

—00

T

Frank-Condon factor Marcus' s classical form

D(t) = exp|- Ak, Tt?/ 3]
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P(e)= ] dt(To, ()70 0)), expict/

I

3 U =
| ] L]

log,, Pe ) (arbitrary unit)
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27 - (-AG-A-¢g)
ker(-06)= MQ/4n/ij deple)e - AK.T |
i B
detailed balance
ker (- AG)/ ke, (AG) = exp|- AG / k,T]
£ Power Spectrum

P(e) = P(-&)exple/ k,T] (£|§ 0)

coordinate of polarization mode coordinate of tunneling mode




Bph —¥ Qa ET in Bacterial Photosynthetic Reaction Center

A=0.6 0(eV), T =300 (K)

New Energy Gap Law ——
Marcus Energy Gap Law -

05 0 0.5 1 15 >
Energy Gap -AG (eV)




Medvedev & Stuchebrukhov  Inelastic tunneling model
(J.Chem.Phys. 1997, 107)

Tunneling Pathway

k=Y P(n, L)ko(<TDA2>1/2,AG + nxzab,A)



Fe’t - Ru**(Ru* —» Fe3*) ET for Ru-modified cytochromes
Experimental databy Mineset al.(J. Am. Chem. Soc. 1996, 118)
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Conclusion

® DA
AG A Marcus
AG A Marcus
o

Inelastic tunneling
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STRUCTURAL

GENOME BIOLOGY
%' FOLDNGPROBLEM 5
PROTEIN
FUNCTION
PHYSICAL CHEMICAL BIOLOGICAL
DESCRIPTION

DESCRIPTION DESCRIPTION

Photoisomerization
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Photocycle of PYP
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FIGURE 2. CHROMOPHORE

Structure of the p-coumaric acid
chromophore. The trans-cis

ﬁ?@— .

C8 . o
e | photoiromerization takes place at
oF the C7=C8 double bond
5; (indicated in blue).
C.E
~c

EXCITED STATE

The excited state of the chromophore was calculated by
sa-CASSCF method using 6-31G basis set.
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Ab initio QM/MM method

Molecular Mechanics
MM (Amber force field)
- amino acids (125 a.a.)
o + solvent

QM (2,950 water molecules)

Quantum Mechanics
(ab initio molecular orbital method)
Coumaric acid



FORCE

The force promoting the photoreaction, F, is derived
from the gradient of the potential energy, V, with
respect to the reaction coordinate, 6 , which is the
torsion angle at the C7=C8 bond.

F= (@V/d0)

GRADIENT

The gradient of the potential energy was calculated by ss-
CASSCF method.



@” ) GRADIENT, (-0 /@ & [kcal/mol radian]
| gl] bond Internal Interaction total

4 Cc4-C7 0.83 1.23 2.06
\ C7=C8 -1.05 9.69 8.64
AR\
o R
| | S-C9 1.15 -1.14 0.01
~e. |

RELAXATION OF TORSION ANGLE
ON S1 SURFACE
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DooodddddooddodoooooOooOnnOanno [Hatree/radian]

ATOM 696 N THR 50 -5.708 -11.019 -4.472 0.00273
ATOM 697 H THR 50 -4.703 -11.147 -4.390 -0.00220
ATOM 698 CA THR 50 -6.184 -10.068 -5.505 0.00022
ATOM 699 HA THR 50 -7.207 -9.779 -5.278 -0.00055
ATOM 700 CB THR 50 -5.347 -8.790 -5.457 -0.00372
ATOM 701 HB THR 50 -5.729 -8.072 -6.183 -0.00004
ATOM 702 CG2 THR 50 -5.406 -8.162 -4.066 0.00363
ATOM 703 HG21 THR 50 -4.747 -8.686 -3.375 -0.00095
ATOM 704 HG22 THR 50 -5.116 -7.120 -4.122 0.00387
ATOM 705 HG23 THR 50 -6.428 -8.197 -3.694 -0.00048
ATOM 706 0G1 THR 50 -4.015 -9.114 -5.766 0.01791
ATOM 707 HG1 THR 50 -3.446 -8.499 -5.285 -0.01881
ATOM 708 C THR 50 -6.218 -10.581 -6.948 -0.00325
ATOM 709 0 THR 50 -6.707 -9.876 -7.838 0.00275
ATOM 710 N  GLY 51 -5.709 -11.786 -7.204 0.00192
ATOM 711 H GLY o1 -5.309 -12.301 -6.424 -0.00130
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