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INTRODUCTION

� Drug discovery and developing a new medicine is a long, 
complex, costly and highly risky process that has few peers in the 
commercial world.

� This is why computer-aided drug design (CADD) approaches 
are being widely used in the pharmaceutical industry to 
accelerate the process. 

� On an average, it takes 10-15 years and US $500-800 million to 
introduce a drug into the market, with synthesis and testing of 
lead analogs being a large contributor to that sum.



� Therefore, it is beneficial to apply computational tools in
hit-to-lead optimization to cover a wider chemical space
while reducing the number of compounds that must be
synthesized and tested in vitro.

� CADD is capable of increasing the hit rate of novel drug� CADD is capable of increasing the hit rate of novel drug
compounds because it uses a much more targeted search
than traditional high throughput screening (HTS) and
combinatorial chemistry.

� It not only aims to explain the molecular basis of
therapeutic activity but also to predict possible derivatives
that would improve activity.



CADD is usually used for three major 
purposes :

� filter large compound libraries into smaller sets of� filter large compound libraries into smaller sets of

compounds that can be tested experimentally ,

� guide the optimization of lead compounds, to increase its
DMPK properties including ADMET;

� design novel compounds, either by "growing" starting
molecules one functional group at a time or by piecing
together fragments into novel chemotypes.



CADD can be classified into two general 
categories :

1. Structure based

2. Ligand based

� Structure-based CADD relies on the knowledge of the
target protein structure to calculate interaction energiestarget protein structure to calculate interaction energies
for all the compounds to be tested,

� Structure based CADD is generally preferred where
high-resolution structural data of the target protein are
available,

� whereas ligand-based CADD exploits the knowledge of
known active and inactive molecules through chemical
similarity searches or construction of predictive,
quantitative structure-activity relationship



� Ligand based CADD is generally preferred when no or little
structural information is available, often for membrane
protein targets.

� The central goal of structure based CADD is to design
compounds that bind tightly to the target, i.e., with larger
reduction in free energy, improved DMPK/ADMET
properties, and are target specific .properties, and are target specific .







RECEPTOR THEORY
� Paul Ehrlich at the turn of the 19th century as part of the

now seminal "lock and key" hypothesis.

� This hypothesis has described drugs as receptor’s ligands or
enzyme substrates that selectively modulate the function
of unknown molecular targets to produce beneficial effects.

� Michaelis and Menten in 1913.

Receptor + Ligand [RL] R + Cellular Effect ... (1)

� The ligand L binds to the receptor R and alters the nature
of the receptor interaction with its associated membrane
components to effect a change in cellular and ultimately,
tissue function.



� Ligands interacting with the receptors have two intrinsic 
properties: Affinity and Efficacy 

� Affinity is the ability to recognize and bind to the receptor. 

� Ability of the ligand to produce  changes in receptor and 
produce a response is Efficacy.

� It is clear that a biological response is produced by the 
interaction of a drug with the biological receptor. This interaction of a drug with the biological receptor. This 
selective binding and its extent is governed by the 
molecular recognition phenomenon.

� In molecular modeling, this process of molecular 
recognition is simulated to understand the drug- receptor 
interaction .

� In molecular modeling every effort is made to measure the 
free energy of association (ΔG). 



Quantum Mechanics and Molecular 
Mechanics 

� There are two different approaches to compute the energy 
of a molecule. 

� Quantum mechanics - In this approach, nuclei are
arranged in the space and the corresponding electrons arearranged in the space and the corresponding electrons are
spread all over the system in a continuous electronic
density and computed by solving the Schrödinger
equation.



� This mathematical model is known as molecular
mechanics, and can be used to compute the energy of
systems containing a large number of atoms, such as
molecules or complex systems of biochemical and
biomedical interest.

� In contrast to quantum mechanics, molecular mechanics
ignore electrons and compute the energy of a system onlyignore electrons and compute the energy of a system only
as a function of the nuclear positions.









FORCE FIELD
� In molecular mechanics the electrons and nuclei of the 

atoms are not explicitly included in the calculations 

� A  force field refers to the functional forms and parameter 
sets used to calculate the potential energy of the system of 
atoms in molecular mechanics.

� it consists of a sum of different contributions that compute 
the deviations from equilibrium of bond lengths, angles, 
torsions and non-bonded interactions 



� where E-total is the total energy of the molecule, E-
stretching is the bond-stretching energy term, E-bending is
the angle-bending energy term, E-torsion is the torsional
energy term, E-vander wall is the van der Waals energy
term, and E-elec is the electrostatic energy term.

� Each deviation from these equilibrium values will result in
increasing total energy of the molecule.increasing total energy of the molecule.

� the total energy is a measure of intramolecular strain
relative to a hypothetical molecule with an ideal geometry
of equilibrium .



Energy-Minimizing Procedures 
1. Steepest Descent Method 

2. Conjugate Gradient Method



Structure-Based Computer-Aided Drug Design 

� Structure-based computer-aided drug design (SBDD) relies
on the ability to determine and analyse 3D structures of
biological molecules

� The core hypothesis of this approach is that a molecule’s
ability to interact with a specific protein and exert a desiredability to interact with a specific protein and exert a desired
biological effect depends on its ability to favourably
interact with a particular binding site on that protein

� novel compounds can be elucidated through the careful
analysis of a protein’s binding site.



Example of Marketed Drugs Involving use 
of Structure based Drug Design.



Preparation of a Target Structure 
� Success of virtual screening depends upon the amount 

and quality of structural information known about 
both the target and the small molecules being docked 

� The first step is to evaluate the target for the presence 
of an appropriate binding pocketof an appropriate binding pocket

� This is usually done through the analysis of known 
target-ligand co-crystal structures or using in-silico
methods to identify novel binding sites. 

� A target structure experimentally determined through 
X-ray crystallography or NMR techniques.



HOMOLGY MODELLING







Ligand-Based Computer-Aided Drug 
Design 

� The ligand-based computer-aided drug discovery (LBDD) 
approach involves the analysis of ligands known to interact 
with a target of interest 

� These methods use a set of reference structures collected � These methods use a set of reference structures collected 
from compounds known to interact with the target of 
interest and analyse their 2D or 3D structures. 

� It is considered as an indirect approach to the drug 
discovery in that it does not necessitate knowledge of the 
structure of the target of interest. 



The two fundamental approaches of LBDD 
are :

1. selection of compounds based on chemical similarity to
known actives using some similarity measure

2. the construction of a quantitative structure activity
relationship (QSAR) model that predicts biological activity
from chemical structure .from chemical structure .

� The methods are applied for in silico screening for novel
compounds possessing the biological activity of interest, hit-to-
lead and lead-to drug optimization, and also for the
optimization of DMPK/ADMET properties.

� Additionally, active compounds identified by ligand-based
virtual high-throughput screening (LB-vHTS) methods are
often more potent than those identified in SB-vHTS.70
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