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Preliminaries

Learning Goals

¢ Introduction
¢ Drug Design
¢ Engineering Polymers
¢ Chemoinformatics
¢ Databases
¢ Descriptors
¢ QSAR and QSPR
¢ Empirical Modeling
¢ Multilinear Regression
¢ Principal Component
Analysis
¢ Partial Least Squares

References

¢

Leach, A.R., Molecular modelling
: principles and applications.

On-line resources

¢

Multiway calibration in 3D
QSAR, Thesis, www.ub.rug.nl/

eldoc/dis/science/j.nilsson/

Electronic Statistics Textbook,

www.statsoft.com / textbook /
stathome.html

Chemometrics World (links),
www.spectroscopynow.com /Spy /
basehtml/SpyH/1,2466,2-0-0-0-0-home-0-
0,00.html
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&‘ Introduction

Drug Design ¢ Databases of chemical
compounds.

¢ American Chemical Society -
a database of more than 18
million compounds.

¢ Drug interact with proteins:
¢ Docking problem.
¢ Free energy (binding
constant).
¢ Needs pass through cell
membranes.
¢ From the first principles the
problem is untractable.
¢+ How to choose next molecule?

Strategy

0 TO flnd a Hlead SerieS” and then D 7th compound selacted for scraening
Y7 . . . Iy http://www.cc.nih.gov/ccc/principles/pdf/00-01/gorman-slides.pdf
lead optimization”.

UNIVERSITAT FREIBURG

E.B. Rudnyji, J.G. Korvink, Chair for Microsystem Simulation



&’ Introduction: Engineering Polymers

MTEKe

¢ J. Kim, T.M, Swager. Control of conformational and interpolymer
effects in conjugated polymers, Nature, 2001 v. 411, p. 1030- 1034
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Chemoinformatics

Databases

¢ 2D databases
¢ Search for molecules with given
functional groups:
¢ Graph representation
¢ Simplified Molecular Input
Line Entry System (SMILES)

o T g
| H,C-C- —C—-0H
H,C-CH-CH; 3= (|:H -
OH CH3
2-Propanol tert-Butanol lsobutyric acid

CC(0)C CCICNOIC

http://esc.syrres.com/interkow/docsmile.htm

CCCIC(=0)0

¢ Virtual molecules
¢ 3D databases: pharmacophores
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Chemoinformatics

Descriptors

¢ Properties of the molecule that
can be easily computed from its
structure:
¢ Molecular weight,
¢ Molar refractory,
¢ HOMO, LUMO (from QC),
¢ and so on.

¢ Examples at www.chemcomp.com/
feature/descr.htm

¢ Descriptors can be used to find
similar molecules:
¢ various similarity coeffi-
cients.

#/ QuaSAR-Descriptor [_ [O]x]

[ Selected Entries Only

Databa=e File: | c: fmoassanple mol furef . mdh

Molecule Field: mol v

Auto Select: Datsbase Fields | Selected Database Fislds | Clear Selection |
Descriptors Selected: 0
CODE CLAZE DESCRIPTION L]
apol zDr Sum of atomic polarizabilities
AZR i3l Water accessible szurface area
AZR+t i3l Positiwve accesszible szurface area
ASL- izl Negative accessible surface area
AZR H izl Total hydrophobic surface area
AZR P i3l Total polar surface area
a_acec ZD Humber of H-bond acceptor atoms
a_acid ZD Humber of acidic atoms
a_aro ZD Humber of aromatic atomns
a _base ZD Humber of basic atons
a_count ZD Humber of atoms
a_don ZD Humber of H-bond donor atoms
a_heavy zDr Numher of heavy atons
a_hyd zDr MNumher of hydrophobic atoms
a_IC EZD Atom information content (total)
a ICH ZD Atom information content (mean)
a_nkE ZD Humber of boron atons
a nEr ZD Humber of bromine atoms
a_nC ZD Humber of carbon atons
a nCl ZD Humber of chlorine atomns ﬂ
L] [»]
Class:| A 2D 3D | x3D
Filter:‘l Apply | Clear
OK I Cancel |
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Empirical Modeling ¢ Quantitative Structure -

¢ Quantitative Structure - Activity
Relationship (QSAR)

Property Relationship (QSPR)

_ GFA Current Defaults Set: QAR

http://www.accelrys.cd

v 1 TTETEae] CF & Residual |[STEPWISE Pr |STEF
2: dbhdB —log(ICE0
1. .00 =071 254
2 315 —.G0 3.64
3 .30 013 232
4, 3.45 -0.50 3.94
=3 .47 -0.22 368
4 dbhaa 3 3.47 ~0.14 3.78
s 370 -G 374
=3 376 0.0 361
9, 381 332

1
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@T’ OSAR and QSPR
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Multilinear Regression ¢ Ordinary least squares
¢ y=Xb+¢ b:(XTX)_lXT[y
¢ y - dependent variable
y - oepe i Problems:
¢ b - unknown parameters . o
¢ X - matrix of descriptors ¢ Colinearity in X,
¢ rows - molecules ¢ Number of columns may be
¢ columns - properties greater than that of rows,
¢ € -error ¢ Strong corre-
¢ Can be generalized to several lation between  Mp/wwwesdikecdn
outputs ¥ = XB + L. columns, ) =
¢ Linear in parameters ¢ There are errors
y = a+bx” +cln(x). in X,
¢+ Estimate b from a known data ¢ Over.ﬁtfcmg -bad
set and use it for new molecules. predictive power.

RS
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@T’ OSAR and QSPR
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Principal Component *
Analysis :

¢ Low-rank approximation of X
(low-dimensional subspace)

T @ g ".‘1:&' a Duch
X = vZ +E <ol s
. . €[ Dystrophy
¢ Can be computed by using first ~ ="] .
. . = Carri

dominant SVD-vectors : g

k i : Carrier

j\( —_ (A] I:E DAVT —_— o) ( T) ; ’ ’ fﬂ[:tﬂlr'i s:::ures 3 ‘ ]
=3

http://obelia.jde.aca.mmu.ac.uk/multivar/pca_eg2b.htm

¢ Can be used for classification.
¢ Principal Component
Regression - uses first factors.
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OSAR and QSPR

Partial Least Squares

¢

Similar to PCR but uses y to find

factors in X.

Regression in latent variables

y = tlbh+eE.

Latent variables are determined
by descriptors t = Cx.

There are just few latent
variables.

Model Validation

How to validate regression
model?

¢

¢ If errors possess the normal
distribution, there are strait-
forward formulas.
¢ To divide the molecules to
training and validation sets.
Nonparametric statistics
¢ Jack-knife
¢ Take one sample out,
make the calculations,
then repeat for all samples.
¢ DBootstrap
¢ Take some samples out but
replace them by others.
¢ Cross-validation

E.B. Rudnyji, J.G. Korvink, Chair for Microsystem Simulation

s>
UNIVERSITAT FREIBURG



Applications

Evgenii B. Rudnyi and Jan G. Korvink
IMTEK
Albert Ludwig University
Freiburg, Germany

?“ \ 'ﬂgfi.jt:‘ ‘
= = 4
- c
IMTEK‘ ‘ % :;:;L " ALBERT-LUDWIGS-

UNIVERSITAT FREIBURG



@»‘ Preliminaries
I

MTEKe

Learning Goals

¢ Polymers
¢ Tethered polymers
¢ Branched polymers
¢ Polymeric networks and gels
¢ Coarse-grained models of
polymers
¢ Inorganic Materials

¢ Steered Molecular Dynamics
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@T‘ Tethered Polymers
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¢ Gary S. Grest, Normal and Shear Forces Between Polymer Brushes,
Advances in Polymer Science, 1999, Vol.138, p. 149-183.

i e | g |

(a) (0)

Fig.5. Typical configurations of a brush of chain length N=100 immersed in a melt of mobile

dimers for pﬂ=ﬂ.ﬂ3t:r‘2. The solvent is not shown for clarity. The shear velocity is v, =0 (a)

and 0.207/7 (b). The dimensions of the cell are 51=40.8%0% and D=64.9¢. Result from molec-
T R - o
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@T‘ Branched Polymers
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¢ Juan J. Freire, Conformational Properties of Branched Polymers:

Theory and Simulations, Advances in Polymer Science, 1999,
Vol.138, p. 35-112
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Fig. 14. Normalized averaged intramolecular distances plotted as a function of the position
of bead j for a star with 12 arms with a total of 472 bonds. The beads are labeled as negative
from -Ny, to 0 {the central atom) on the first arm and as positive up to N, on the second arm.
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@T‘ Polymeric Networks and Gels
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¢ Fernando A. Escobedo, Juan J. de Pablo, Molecular simulation of
polymeric networks and gels: phase behavior and swelling, Physics
Reports 318 (1999) 85-112
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@T‘ Coarse-grained Models
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¢ J. Bashnagel et al, Bridging the gap between atomistic and coarse-
grained models of polymers: status and perspective, Advances in

Polymer Science, 2000, v. 152, p. 42-156
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Inorganic Materials
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¢ Nanocontacts

¢ Nano-scale films

¢ Crack propagation

¢ H. Raffi-Tabar, MODELLING
THE NANO-SCALE
PHENOMENA IN
CONDENSED MATTER
PHYSICS VIA COMPUTER-
BASED NUMERICAL
SIMULATIONS, Physics

Reports 325 (2000) 239}310

¢ Demos from

http:/ /hal6000.thp.Uni-

Duisburg.DE/ ~kai/
index_1.html

E.B. Rudnyji, J.G. Korvink, Chair for Microsystem Simulation
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Nanocontacts

Material surface is quite rough on atomic and molecular scales and
they are decorated with a variety of irregularities in all directions.
Point-contact adhesion and indentation experiments
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Nano-scale Films
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¢ Adsorption and intercalation of Ag atoms on graphite

F 7o "8 4 * S PP PP PP
ﬁu‘:- ket % eds A
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o Taw YT . o St T8 et e ts
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Fig. 26, Three-dimensional geometries of the simuolated Ag/graphite system in the {1007 direction after: {a) 7.5 ps;
(b} 30ps; (o) 75 ps; (d) 106 ps and (e} 180 ps, corresponding to Ag atom temperatures of respectively T = 2355; 2100
1590; 1240 400 K.
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Crack Propagation
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@T‘ Steered Molecular Dynamics
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¢ Experiments ¢ Demo from http://
¢ R.Merkel, FORCE www.ks.uiuc.edu/
SPECTROSCOPY ON Research/
SINGLE PASSIVE BIOMOL-
ECULES AND SINGLE
BIOMOLECULAR BONDS,
Physics Reports 346
(2001)343 -385
¢ Simulation
¢ S. Izrailev et al, Steered
Molecular Dynamics,

http:/ /www .ks.uiuc.edu/
Research/

A0 WS
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@T’ Experiments
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Simulation

¢ Extraction of a ligand from the
binding pocket of a protein

extraction i (TR
to the aqueous ! . ple g
phase v i " il

1nn 200 30 L]

¢ Force-Induced Unfoldiﬁé of
Titin

¢ Extraction of Lipids from
Membranes

extraction
B O eln

olipase

N 1 1 1 1 1 1 1 1 "
Lo 200 S0 E

PRSI . |
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@‘ Summary
IMTEK®

¢ Polymers

¢ Inorganic materials

¢ Steered molecular dynamics
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