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In our organisms
we have ~ 103
protein kinases

and phosphatases

which
phosphorylate/
dephosphorylate
other proteins
activating or
disactivating
them.
These are
controllers
of most of
methabolic
pathways.




A Protein Kinase Molecule with ATP
(catalytic domain)
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Multi-scale modeling. Classes of models

Microscopic models

Mesoscopic models







Microscopic generators of the potential
energy function

AVB - (quantum)
AVB/GROMOS - (quantum-classical)
SCC-DFTB - (quantum)

SCC-DFTB/GROMOS - (quantum-classical)
SCC-DFTB/CHARMM - (quantum -classical)

Dynamics Mesoscopic potential energy functions
MD (classical) *Poisson-Boltzmann (PB)
QD (quantum) ‘Generalized Born (GB)
QCMD (quantum-classical)




SCC-DFTB Method

(Self Consistent Charge Density Functional Based Tight Binding Method,
SCC DFTB, Frauenheim et al. Phys Stat. Sol. 217, 41, 2000)

basic DFT concepts:
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New generation of charges capable reproducing
electrostatic properties, in particular molecular
dipole moments.

J.Li, T.Zhu, C.Cramer, D.Truhlar, J. Phys. Chem. A, 102, 1821(1998)

CM3/SCC-DFTB charges

J.A. Kalinowski, B.Lesyng, J.D. Thompson, Ch.J. Cramer, D.G. Truhlar, Class
IV Charge Model for the Self-Consistent Charge Density-Functional Tight-
Binding Method, J. Phys. Chem. A, 108, 2545-2549 (2004)



Mezoscopic models
of molecular
electrostatic fields
and the energy

Studies of mezoscopic
molecular fields
and their relations to
functions
are equally important
as structures |
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Poisson-Boltzmann (PB) method
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Looking for very fast algorithms fo compute

the mean-field (mesoscopic) electrostatic energy

Born models:
*M.Born, Z.Phys., 1,45(1920)

‘R.Constanciel and R.Contreas, Theor.Chim.Acta,
65,111(1984)

‘W.C.51ill, A.Tempczyk R.C.Hawlely, T.Hendrikson,
J.Am.Chem.Soc.,112,6127(1990)

-D.Bashford, D.Case, Annu.Rev.Phys.Chem., 51,129(2000)

If we know, so called Born-radii of atoms, we can very
quickly compute the electrostatic energy. A Born radius is
a geomeftrical property |




Born radii

and

Van der Waals radii

The same type of atoms are characterized by
different Born radii. Their values depend on

geometry of the molecular system, and on
localization of the atoms in the system (geometrical

property). The Born radii are large inside, and are
close to VdW radii on the surface.




Expressions for Born radii
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Ratio of the GB solvation enery to the Kirkwood solvation energy
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In 2003, C.W.J.Granger got
the Nobel Prize

for the causality analysis of

complex economical systems.

Quite recently we have applied this strategy
for the description
of the dynamics (functioning)
of complex
molecular and nano-systems.




Input data

Input data: signal channels, here "observables”
(snapshots) from MD or QCMD, at consecutive time-instants.

These can also be projections on PCA directions

Flap opening dynamics - PCA mode O (NVE)
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Granger causality strategy using
a multivariate autoregressive model
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More detailed information on test data

Microscopic MD trajectories of a model linear
set of atoms.

Microscopic SCC-DFTB MD trajectories of a
small, model molecule - malonaldehyde.

MD trajectories of the HIV-1 proteaze

-> signals, amplitudes from PCA.

Coarse-grained MD trajectories of ribosome

-> signals, amplitudes from PCA.



Linear set of atoms - model polimen

« Dynamics using the NAMD library

V(7 f5) = Ka(Ifi — 75 — b))

Atoms in spherical potential traps

A number of simulations carried out:
«Berendsen thermostat, harmonic traps

«Berendsen thermostat, V(x)=Ax"4 traps

«Langevin dynamics

Signal for MVAR, x positions of all 10 atoms




Model polimer
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Malonaldehyde
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Malonaldehyde - reaction path
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Malonaldehyde - causality relations
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Malonaldehyde - causality relations
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MD data for HIV-1proteaze: PCA data

&dGif - UNREGISTERED)

e One of the PCA modes of
HIV-proteaze: opening/
closing of flaps (MD data
from dr V.Tozzini)

e Signals: amplitudes of Mode no. 0
projections of the
trajectories on PC
directions



Dynamics of ribosome

eCoarse grain dynamics:
objects:
P atoms from RNA,
C-alpha from proteins.
«PCA projections as signals
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Conclusions & Vision
An integrated approach, using applied
informatics and multiscale modelling
methods, allows to much better
understand complex biomolecular and
material structures and processes
(important element of the e-science
strateqy).

This influences positively development of
advanced, practical applications, such as
structure prediction, materials design
molecular design including drug design, or
biotechnological solutions and strategies.

Integration of informatics, chemical and
physical approaches require, however, new
interdisciplinary educational programs. In
particular, coupling of higher education
and interdisciplinary research is highly
required for high-quality science, and
emerging technologies.

E-science platforms should be based on
novel WEB and GRID technologies.
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