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ModSim Technology
IN Molecular Science
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ModSim Technology
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ModSim Technology
IN Molecular Science

Materials Research
Catalysis

Life Science

1111

Drug discovery

Focus of most of the
Molecular Modelling

Workshops since the
beginning in 1987
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The questions from the drug discovery community

From Industry:
How can computer aided methods be effectively used in order to
reduce the effort for the developments of new drugs?

From Academia:

How can the interaction of a potential drug molecule with a receptor
site (part of a protein) be adequately modelled? How can this
Interaction be quantified?

From both:
How can computer generated molecular scenarios be visualized in
order to generate insight?

More general:
Can computers help to design new drugs against known deseases?
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Molecular Modeling — Historical View

1859 Kekulé s Dream
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Molecular Modeling — Historical View

Around 1900 Stereochemistry

The part of chemistry that deals with
structure in three dimensions is called
stereochemistry. One aspect of
stereochemistry Is stereoisomers: same
chemical formula but differ in the way
atoms oriented In space.

Pasteur I Fisher Prelog

Di covered Separated Tetrahedral Identified the Devised
Optical Activity Enantiomers Carbon Atom 16 Aldohexoses RS & ZFE
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Molecular Modeling — Historical View

1953 CPK- models

Space-filling models represent the atoms as spheres whose
radil are proportional to the atom's van der Waals radius.

The best known of this type of model is the Corey-Pauling-
Koltun (CPK) model.

N.‘

s
Pauling ‘
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Molecular Modeling — Historical View
Physical Models (late fifties)

i

™
i

Kendrew with a protein model generated on
the basis of x-ray studies

| Hard work for scientists
Pauling and Corey with a protein model  RELORLalole[&] [S1§
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Molecular Modeling — Historical View

1966: Molecular Graphics (MG)
First computer generated molecular images

First example of MG: Display of a protein molecule (Project
MAC) by Cyrus Levinthal and Robert Langridge
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The Evans & Sutherland

i

The interactive, dynamic, 3-D line-drawing system.

PERSPECTIVE
Build models and display views of true three-dimensional objects.
DYNAMICS
Rotate, tumble or translate any object smoothly.
ZOOMING
Smooth, quick transition to any scale.
CONVENIENCE
Your choice of coordinates and language.
INTERACTION
Change, test or manipulate as you wish.
QUALITY

Sharp pictures at all times.

VALUE /SERVICE /SUPPORT

Now anyone can afford the very best.
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Molecular Modeling — Historical View

1974-76: J. Brickmann
Development of Raster Graphics Hardware
Project SIDCEP
(- 'mulation und ' arstellung “hemischer ' lementar rozesse)

- Netzteil-und
(G{%B 428n)\puter Schrittschaltmotor-

steuerung

Direkte Datentrager
Datenlbertragung ( Lochkarten, Filmkamera
Magnetband ) Arriflex

ProzeBrechner Zusatzblende
( mittlerer Computer) mit VerschiuB

PDP 11)
1

Programmeingabe Farbfernseh- Farb-
zur Erzeugung eines steuergerat monitor
virtuellen Bildes (RGB-Geber )

O ©)
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Molecular Modeling — Historical View
1982 Silicon Graphics Workstations- The victory of raster Graphics

Dr. James H. Clark left his position as
an electrical engineering associate
professor at Stanford University to

found SGI in 1982 along with a group

of seven graduate students and
research staff from Stanford
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Molecular Modeling — Historical View
From Molecular Graphics to Molecular Modelling

Wikipedia:

By about 1980 many laboratories both in academia and industry had
recognized the power of the computer to analyse and predict the
properties of molecules, especially in materials science and the
pharmaceutical industry. The discipline was often called ""molecular
graphics' and in 1982 a group of academics and industrialists in the
UK set up the Molecular Graphics Society (MGS). Initially much of
the technology concentrated either on high-performance 3D graphics,
Including interactive rotation or 3D rendering of atoms as spheres.
During the 1980s a number of programs for calculating molecular
properties became available and the term ""molecular graphics' often
Included these.
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Back to the initial questions

How can computer generated molecular scenarios be visualized in
order to generate insight?

How can the interaction of a potential drug molecule with a receptor
site (part of a protein) be adequately modelled? How can this
Interaction be quantified?

How can computer aided methods be effectively used in order to
reduce the effort for the developments of new drugs?

Can computers help to design new drugs against known deseases?
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The questions from the drug discovery community

The 1987 anwers can be estimated by looking on
the papers represented at the first molecular
modelling workshop, Darmstadt 1987, published

In 1988 by the German Ministry of Science and
Technology
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MOLECULAR BPEISHN L)

MOLECULAR | MODELLING BEYY
MODELLING

INFORMATIONEN &
TRENDS
Rechnergestiitztes
Modellieren
von Molekilen

/Computer aided
modeling of
molecules and

. molecular interactions
BIOTECHNOLOGIE \

Ein Forderschwerpunkt :
des Bundesministers Workshop Juni 1987
TH Darmstadt

flr FOFSChung und TE‘ChnOIOgie Institut fiir Physikalische Chemie
Prof. Dr. ). Brickmann

The first Molecular Modelling Workshop
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MOLECULAR MODELLING
"Black box" oder transparente Methode
von
Juirgen Brickmann
Institut fiur Physikalische Chemie
Technische Hochschule Darmstadt

PetersenstraBe 20, D-6100 Darmstadt

pr § =

MOLECULAR MODELING
,,Black box*
or transparent method

Jiigen Brickmanm, MOLCAD GmibH, Dammstadt 25t Molecular Modeling Workshop, Erangem 2011 Ne 25



Ein dreidimensionales atomares Modell der Mureinschicht

von Bakterienzellwinden

Helmut Formanek

Botanisches Institut der Universitdt Miinchen, Menzinger Strafe 67,

D With one leg in the CPK world

oV l
SR %
L-Ala
meso-DAP
o :5 h‘#\*

£ -
2 R e
3 . Nﬁ :*"e.
y “"ii &)
" D-Ala i
i
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MOLECULAR GRAPHICS-UNTERSUCHUNGEN ZUM WIRKUNGSMECHANISMUS
VON CALCIUMANTAGONISTEN UND CALCIUMAGONISTEN DER
],4-DIHYDROPYRIDINREIHE (*)

H.-D. H8ltje, S. Marrer
Pharmazeutisches Institut, Freie Universitdt Berlin

Elektrostatische Isopotentiallinien flr den Tryptophan-
Abb. 2

(S)-(-)-BAY K 8644 Komplex. Konturierungsniveaus: rot

+12 k3/mol; blau, -12 kJ/mol; griin, 0 kJ3/mol. Orange Kreuze
BAY K 8644 als ein Beispiel der untersuchten Komplexe darge- zeigen das Raumsegment, wo Potentialunterschiede zwischen
stellt. Agonisten und Antagonisten vorliegen.

)
In Abb. 2 ist die relative Lage des Tryptophans zu (s)-(=)-
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Versuche zur Computergraphik gestiitzten Konstruktion von
active site Partialstrukturen in Kinasen.

Gerd Folkers

Pharmazeutisches Institut der Universitat, Auf der Morgenstelle 8, D-7400 Tibingen

Computer aided
construction of active
site partial structures in
Kinases
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Computer graphical
method for the
Interpretation of
molecular dynamics
simulations

Entwicklung eines Auswertesystems

fiir die Molekiildynamik Simulationen

P. Kriiger, W. StraBburger*, A. Szameit, A. Grotzinger, J.

Hahnen, A. Wollmer.

Lehrgebiet Struktur und Funktion der Proteine
Abteilung Physiologische Chemie
Rheinisch-Westfdlische Technische Hochschule Aachen

5100 Aachen

*)Grinenthal GmbH
Forschungszentrum

5100 Aachen-Eilendorf
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CAPD
Methodik des Computer Aided Protein Design

Dietmar Schomburg

GBF (Gesellschaft fir Biotechnologische Forschung)
Mascheroder Weg 1, D-3300 Braunschweig
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SCHAKAL86, ein FORTRAN-Programm zur grafischen Darstellung

von Molekiil- und Festkérpermodellen

Egbert Keller
Kristallographisches Institut der Universitat
Hebelstr. 25

7800 Freiburg i.Br.

Raster graphics

resprentation of static
pictures (no Interactivity)
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C.W. von der Lieth, R.E. Carter, T. Liljefors: SIMulate PEPtid

SIMul.ate PEPud - ein computergrafisches Interface zur Kon-
struktion, Wiedergabe und Berechnung von Oligopeptiden

C W v d Lieth(*), R E Carter(#), Tommy Liljefors(¥)

(#) University of Lund, Chemical Center, Organic Chemistry 2 and 3
P.O.B 124 $-2210 Lund Sweden

(*) Deutsches Krebsforschungszentrum (ZAGS) Im Neuenheimer Feld 280
6900 Heidelberg West Germany

Die Programme sind (Ausnahme DISGEQO: spezielles VAX-PASCAL) n
FORTRAN 77 auf einer VAX 11/780 unter VMS lauffihig (Ausnahme: MUMOD
vektorisiertes FORTRAN Programm auf einer IBM 3090 mit Vektor—Feature).
Der grafische Teil benutzt PLOT-10 kompatible Terminals (VISUAL 500 Serie),
die selektives Loschen von Teilen eines Molekiils und Aufteilung des Bildschirms in
einen alphanumerischen und einen grafischen Teil ermoglichen.
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Von der Vektorgraphik am Zentralrechner zur Rastergraphik auf
einer Workstation - Eine vergleichende Gegeniiberstellung nach der

Ubertragung eines Software-Paketes

J. Reichelt
GBF (Gesellschaft fiir Biotechnologische Forschung mbH)
Mascheroder Weg 1, D-3300 Braunschweig

First steps from vector graphics
technology towards raster graphics
workstations
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Die Anwendung von Vektorrechnern und anderer sehr leistungs-

fdhiger Rechnersysteme.

Philippe Bopp
Institut fir Physikalische Chemie
Technische Hochschule Darmstadt

Petersenstrasse 20, D-6100 Darmstadt
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M. Waldherr-Teschner: Workstation und PC
- 127 -

Workstation und PC - gemeinsamer Einsatz im
Molecular Modelling

Dipl.-Ing. Michael Waldherr - Teschner
Technische Hochschule Darmstadt
Institut fiir Physikalische Chenie

Petersenstrafe 20 6100 Darmstadt

Anhand des an der TH-Darmstadt entwickelten Pro-
gramms MOLCAD so0ll die gemeinsame Verwendung von PC
und Workstation im Bereich des Molecular Modellings
aufgezeigt werden. Wichtig dabei ist, daf fir den
Benutzer auf beiden Systemen die gleiche Benutzer-
oberflache vorhanden ist, und daB die grundlegenden
Operationenen die gleiche Funktionalitat besitzen,
Der PC so0ll dabei nicht die Workstation ersetzen,
sondern wird 1din einem Gesamtkonzept als Low-End
angesehen, das fiir wenig Geld eine breite Anwendung
graphischer Methoden im Molecular Modelling bietet.
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And what ist the situation today
The anwers from 2011

How can computer generated molecular scenarios be visualized in
order to generate insight?

How can the interaction of a potential drug molecule with a receptor
site (part of a protein) be adequately modelled? How can this
Interaction be quantified?

How can computer aided methods be effectively used in order to
reduce the effort for the developments of new drugs?

Can computers help to design new drugs against known deseases?
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Back to the initial questions
and answers from 2011

How can computer generated molecular scenarios be visualized in
order to generate insight?

No problems!
Various tools are available
Example: MOLCAD

......... and even more complex molecular aggregates
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F. Khalili:Electrostatic potential of a voltage driven potassium channel.
Schulten calender 2011
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And what ist the situation today
The anwers from 2011

How can the interaction of a potential drug molecule with a receptor

site (part of a protein) be adequately modelled? How can this
Interaction be quantified?

1. The computer capacity increased by five orders of
magnitude (Moore’s law is still valid)
The quality and power of model scenarios substantially
stepped foreward:

Quantum methods have been included
Better force fields

Enhanced simulation techniques
Inclusion of solvent

(AG values)
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The 2011 fields of activity

Prediction

Real Microscopic World

Microscopic Experiments
Spectroscopy, X-Ray, etc

Microscopic Model Scenario I Simulation
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And what ist the situation today
The anwers from 2011

How can computer aided methods be effectively used in order to
reduce the effort for the developments of new drugs?

The dramatic expansion of hardware- and in particular

software technology has definitely contributed to the
development of new drugs for those cases where the receptor

IS known.

Statistical methods cotributed significantly to the pre-
selection of drug candidates. Details are not known to the
public.

However, in many aspects one ist still at the beginning.
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And what ist the situation today
The anwers from 2011

Can computers help to design new drugs against known deseases?

possibly Yes
but not with the

present
technology
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What will be the future?

The scale coupling problem

Want: Accuracy of quantum mechanics (QM) in 102 atom systems...
This is impossible (today and in the foreseeable future)

Possible solution: 23
Multi-scale modeling techniques MAGROSCALE 104 atoms
based on hierarchies of overlapping e

scales

CMDF Concept:
“finer scales train coarser
scales”

1092 atoms
from Markus J. Buehler CMDF, CalTec
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An Example from Materials Research: High Pressure Synthesis
Pattern Formation

Real Microscopic World Prediction

Microscopic Experiments
Spectroscopy, X-Ray, etc

Microscopic Model Scenario Simulatio

complexity level N
Modeling
(coarse graining) |5
Visualization = M
(com

odel Scenario
plexity level N-1
| (I

Modeling

Computational
Chemistry

Interactive
Manipulation

Modeling

Macroscopic Model Scenario
complexity level O

P 4

Macroscopic Experiments
Thermodynamics, Kinetics,

Transport, etc . g —
o Real Macroscopic World Prediction
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Hochdrucksynthese von GaN bei 2800 K

p =50 kbar pP=200 kbar

D)

Molecular dynamics simulation K. Albe, TU Darmstadt
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growing islands of Iridium on Iridium (111) surface
m RVl
ety e

\';r‘? )

Kinetic I\/Ionte Carlo Slmulatlon (K. Albe Darmstadt, Germany)
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Strategies for the Future

Solve the multi-scale problem

Introduce multi-scale multi-paradigm simulations

Invest in translational science
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