
Computational 
Drug Design: 

what is it?

• Modern Drug Design arises from the convergence of multiple 
disciplines

• The chemical space is extraordinarily big and computational tools are 
required to fully explore it (too large for synthetic chemistry)

• Abstract  and computational representation of small molecule 
structures

• Management of very large small molecule virtual databases

• Target are very large molecules (generally proteins) whose structure 
determination requires special methods where the computer is a 
necessary tool

• Analysis of target structures requires computational methods (very 
large structures with many thousands of atoms. 

• Interaction between ligands and potential targets is a 
physicochemical process that can be modelled in a computer 
(docking)

• Computational techniques for molecular similarity  can be used to 
identify new molecules sharing essential features with know ligands 
(pharmacophores, molecular fields, 3D QSAR)

• Sets of features (descriptors) can be used to classify and cluster 
molecules according to desired properties (Rule of 5, Golden Triangle, 
etc.) 

• Automated machine learning methods can be used to classify 
molecules and predict potential activities, sites of metabolism or 
ADMET properties, and to genereate new structures for molecules 
with desired properties. 
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Molecular modelling in drug design needs to be placed in the 
context of multiple other computational disciplines for Drug 
Design and Discovery. There is no clear boundary between 
different disciplines, and all aspects need to be considered when 
doing computational modelling!



How do 
computational 

techniques 
integrate into 

the Drug 
Discovery 
process?

Klebe, G. Drug Design. Springer 2013, chap 1



Techniques in 
Molecular 
Modelling

Klebe, G. Drug Design. Springer 2013, chap 15



Representing 
chemical 

structures



Vsizualizing 
chemical 

structures

a – dreiding model
b – ball-and-stick
c – vdW (CPK)
d – molecular surface
e – surface potential
f – HOMO orbitals



The 
Importance 
of molecular 

similarity

morphine

codeine

heroine

Similar structures
similar functions



Target 
Structure

Protein structure determination by X-ray crystallography
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What Makes a 
Good Drug ?

Finding the essential chemical descriptors 
(dimensionality reduction), classifying, filtering, 
selecting.
Machine learning-methods

Lipinski’s rule of 5



Scaffold 
Trees

Guided search through 
chemical space.

Color intensity represents potency



Target-Ligand 
Docking

HTS Docking
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versus
Real 
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Hight-Throughput 
Screen Laboratory

Virtual 
Screening



Pharmacophore 
screening

Ligand-based screening

Structure-based screening



Importance of 
Conformational 

Search

Single conformation Mutiple conformations

Scanning 
Conformational Space

Molecule docks in the 
“right” conformation



Sequence and 
Structure 

Analysis of 
Protein 
Targets

Urrutia (2016). F1000, 5:766

A – Residues near bound inhibitor
B – Mutations leading to resistance
C – Mutations can affect flexibility
D – Dynamics of ligand free protein

(studied by MD simualtions)

HIV protease



Importance of 
Molecular 
Dynamics

Simulations

Benzodiazepine-like 
inhibitor

MD simulation shows 
wide movement of 
Phe121 residue, 
enlarging the binding 
pocket of the receptor

The open 
conformation can 
accommodate ligands 
with extended 
functional groups, like 
the red group of the 
benzodiazepine-like 
inhibitor,



Binding free 
energies of
ligands by 
Molecular 
Dynamics
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Prediction of 
binding 

affinities

MM-PBSA binding energy calculation



Drug 
Descriptors 
and QSAR

Model equation

New compound generation

Test set

Training set



Machine 
Leaning and 

AI

Automatic classification Property prediction

New compound generation



CADD works 
in the

“real world”

Kuhn (2016). J.Med.Chem. 59:4087



CADD and 
diseases


