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Molecular Modeling in 
Drug Design 

Jirapom Ungwitayatom 

2-Di111e11sio11al QSAR 

-classical QSAR studies have related the biological 
activity of the drug to physicochemical properties, 
e.g., lipophilicity, electronic property, molar 
refractivity, etc 

-results are usually summarized ill equation 

3-Dime11sio11al QSAR 

-drugs must have a 3-D str11ct11ral /ea/lire which is 
comp/ememary to the binding site to exert 
higher affinity with the target and may be res11lt 
ill higher activities 

-molecular modeling techniques are used to 
understand the 3-D requirements 

- 3-D structura/feat11res, e.g., molec11/ar fields, 
spatial arrangement of phannacophoric atoms 

Thai J Pharmacol 

Traditional Approaches 

random screening and chance discovery 

l 
quantitative structure-activity relationships (QSARs) 

l 
rational drug design 

(1110/ecular biology, C1)1sta/lography, NMR, computer 
graphics rd modeling) 

genomic projects, bioinformatics, combillatorial 
chemistry 

3-Dime11sio11al QSAR 

-stereochemistry has major i11jl11ence ill the 
biological activity of the drugs 

-drug binding site is a chiral ellvironme/l/ and 
pe1for111s discriminatioll befll'eell the 
different enantiomers of all optically active 
drugs 

Molecular Modeling in Drug Design 

"i11terli11ked activities " 
J: Molecular Graphics 

display 3D-struchtres of 1110/ec11/es 
display 1110/ec11/ar properties, etc. 

2. Comp11tatio11a/ Chemistry 
calculate atomic and molecular properties 

through equations 
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Molecular Modeli11g i11 Drug Design 

3. Statistical Mode/i11g 

perfom1 QSAR (MLR, PLS) 
4. Chemical Data/ 111/onnation Manageme11t 

1110/ecular structures database 
orga11ic synthetic methods database 
molecular properties database 

Bioinformatics and Computer-Aided Drug 
Design 

-011ce a disease target molecule is identified 
typically a protein, the protein c011 be used to 
screen libraries of molecules produced by 
combinatorial cl1e111isto• techniques 

-compllters and computer-operated robots are 
esse11tial to the process of screening the molecules 
and tracking the large volume of data generated 
by high thro11g/11111t screening 

Combinatorial Chemistry 

-the tech11ology used in combinatorial synthesis is 
dominated by robots desig11ed to greatly 
accelerate the rate at which compounds can be 
produced. 

-the cha11ce of finding active compounds in a 
library increases with diversity and dissimilarity 
of the co111po1111d set 
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Bioinformatics and Computer-Aided Drug 
Design 

-bioi11for111atics offers a means to get lo a structure 
through seq11e11ce 

-computer-aided drug desig11 offers a means to get 
to a drug through stn1cture 

Combinatorial Chemistry 

-elaborate exte11sio11 of the solid phase peptide 
sy11thesis(SPPS) 

-sim11lta11eously produce many compou11ds with 
desired struclllre (products should be as 
diverse as possible) 

Combinatorial Chemist1y 
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Combinatorial Chemistry 
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Direct Drug Design 

require 
X-ray crystal structure of receptor 
X-ray crystal str11ct11re of receptor-ligand 
complex 
_. receptor bi11df11g site 

Co11f ormatio11al Analysis 

\ I o 
,,,..u·~o.J___ 

acctylcholine 
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Direct Drug Design 

11ew molec11les are conceived eil/1er: 
-011 tile basis of similarities with k11ow11 references 

str11ct11res 
-011 tlie basis of tliefr compleme11tarity willi t/1e 
JD stmct11re of k11ow11 active sites ("docking") 

Con/ ormatio11al energy 
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Bioactive Conformatio11s 

-not necessarily the lowest energy co11formatio11 
of the 1110/ec11/e i11 sollltio11, in crystal or in the 
gas phase 

-can be identified by: 
-observed co11for111atio11s of ligands in 
crystal struct11res of ligand-receptor 
complexes 

- making co11formatio11al restriction 
a11alog11es 

Solvntio11 Effects 

molecular 111odeli11g 

• i11 vacuo 
• 110 solvent effects 
• solvatio11 e.11ergy should be added 

(Jo,~\ef,J¢,C" 
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Bioactive Co11fon11atio11s 
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Solvation Effects 

ltldirect Drug Design 

• shape and electronic complementarity between 
the receptor and the ligand 

> 3-D pliarmacophore study 
> vofllme operations 
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3D-Pharmacoplzore Study 

• select common pharmacophore for all active 
compounds 

•conformational analysis to identify /ow-energy 
conformations of each active molecule 

•1110/ec11tar s11perimposition to find a common 
3D-pharmacophore for all active compounds 

Molecular Superimposition 

superimposed based 011 

•atoms or site points 
,... shape complementarity to the binding sites 

• electronic properties 
electronic complemellfarity 

.... e.g., electrostaicfields 

Volume Operations 

~ y G=J, 
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4/ 
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Dopamine-2 receptor ago11ists 

Volume Operations 

•to find receptor (enzyme) excluded volumes 
and receptor ( enzyme)essential vo/11111e 
-+ information abo11t the dimensions of the 

receptor cavity 
•an inactive compound may fit the 3D­

pharmacoplwre model but may have extra 
vol11111e which inteiferes with binding to the 
receptor 

Volume Operations 
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CoMFA Methods 

-most widely 11sed 3-D QSAR, developed by 
Cramer, et al. 

-biological properties of 1110/ec11/es are related 
to their electrostatic and steric fields 

-can be applied to a broad variety of biological 
systems and also to 11oncongeneric series of 
molec11/es 
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CoMFA 

power of CoMFA techniq11e 
-needs no direct knowledge of the geometries of 

the target 1110/ec11/es 
-is a good tool for predicting activity of synthetic 

candidates and proposing new synthetic 
candidates 
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Web resources 
• Introduction to Molrcular modrllng 

http://\mw.nt lscl.org/Sclrnrt/Compchrm/fulurtOl.hlmt 

http://\mw.nrtscl.org/Sclrncr/Chrmlnform/ 

• Practise In Molecular Modeling 

http://n"w.ch.cam.ac.uk/SGTL 

• Thr Hrprrsrnlalion of Molecular Models Hrndrrlng 

Trchnlqurs. 

http://s«g9.unfqur.ch/nn/rng/loc.html 

• Molrcular Modeling Information 

http://cmmJnfo.nih.gov/modrllng 
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Web resources 

• Molecular Modeling Lecture Notes 

hllp://www.nd.edwchem647/outUnt.hlml 

• Basic Modeling Concepts 

http://W\\w.arnber.ur~f.edu/arnbtr/ONeUlndex.html 

• Molecular Modeling: Hhtory, Links 

http://sugar.rhem.utk.edu/'balmgrp/modelfng.htm 

• Molecular Modeling lnrormatlon 

http://cmmJnfo.nlh.gov/modellng/ 
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