
In silico pharmacology for drug discovery



In silico drug design

❖ In silico methods can contribute to drug 

targets identification through application of 

bionformatics tools. 

❖ Currently, the application of computers and 

computation methods encompasses all 

aspects of drug discovery; they represent the 

fundamentals of the structure-based drug 

design.

❖ The main roles of the computation techniques 

in drug discovery are:

✓ Virtual screening and de novo design;

✓ In silico ADME/Tох prediction;

✓ Advanced methods for determining 

protein - ligand binding.



The importance of in silico drug design

❖ The structures of the most protein targets become accessible through the use of  

crystallography, NMR, bioinformatics methods, etc.

❖ The search of computational tools that can identify and analyze the active binding 

sites and determine what type of potential drug molecules can specifically bind to 

these sites. 

❖ Application in combating life-threatening diseases like AIDS, malaria, tuberculosis, 

etc.



In silico methods for drug detection

❑ Molecular docking;

❑ Virtual screening;

❑ QSAR (Qualitative Structure - Activity Relationship);

❑ Pharmacophore mapping;

❑ Fragments-based screening.



Molecular docking

❖ Molecular docking is a computational determination of the binding affinity 

between molecules (target and ligand).

❖ It is imperative to understand the free energy of the complex formed by their 

docking.



Molecular docking: classification

✓ Molecular docking or 

automated computational 

systems for drug design can 

be classified as follows:

✓ Receptor-based methods –

they use the structure of the 

target protein

✓ Ligand-based methods –

grounded on known 

inhibitors



Receptor-based methods

❖ Use the 3D structure of the target receptor for searching of potential candidate 

compounds that can modulate the target function.

❖ They include molecular docking of any compound in chemical data bases in the 

binding site of the target and prediction of the electrostatic matching between them.

❖ The compounds are ordered using appropriate dot function, thus the results correlate 

with the binding affinity.

❖ The receptor-based methods are applied successfully to many different target 

molecules.



Ligand-based strategy

❖ When information about the target 

structure is lacking, the ligand-based 

method is using the information for the 

known inhibitors of the target receptor.

❖ Structures, similar to the known inhibitors 

are identified in the chemical data bases 

using different methods.

❖ Some of the widely used methods are: 

similarity, sub-structure search, 

pharmacophore matching or matching of 

the 3D format.

❖ Many successful applications of the 

ligand-based methods are reported.



Virtual screening

❖ The Virtual Screening (VS) is a 

computational technique used for drug 

discovery that is based on search in 

small molecules libraries for 

identification of those structures that 

are most probably bound to the drug 

target, usually protein receptor or 

enzyme. 

❖ The Virtual Screening is defined as an 

“automatic evaluation of large libraries 

of compounds” using computer 

programmes. 

❖ There are two main categories of 

creening techniques: ligand-based and 

structure-based.



Ligand-based virtual screening

• Keeping in mind that ligands with different structures can bind to the receptor, a 

model of the receptor can be built using the collected information regarding this set 

of ligands. 

• These models are known as pharmacophore models. 

• The candidate-ligand can be compared with the pharmacophore model for 

determination of its compatibility with the model, and consequently – its ability to 

bind to it. 



Structure-based Virtual Screening

❖ Structure-based virtual screening comprises docking of the candidate-

ligands to the target protein followed by application of dotting function for 

evaluation of the high-affinity binding probability of the ligand to the protein. 

❖ Web servers oriented towards potential virtual screening are freely available.



Qualitative Structure - Activity Relationships (QSARs)

❖ QSARs are mathematical relationships that interrelate chemical structures with biological 

activity using physical-chemical and other properties obtained as an interface.

❖ The physical-chemical and any other property used for generation of QSARs are notified as 

descriptors and are treated as an independent variable.

❖ The biological property is treated as dependent variable.

Biological activity = f (physical-chemical properties) 



Types of QSARs

❑ 2D QSAR

✓ Two-dimentional molecular properties

❑ 3D QSAR

✓ Three-dimentional molecular properties

✓ Analysis of molecular field

✓ Analysis of molecular form

✓ Analysis of geometrical distance

✓ Analysis of receptor surface



Pharmacophore mapping

❖ Pharmacophore is an abstract description of molecular characteristics that are needed for 

molecular recognition of the ligand by the biological macromolecule.

❖ This is a 3D description of the pharmacophore developed for specification of the nature of the 

key characteristics of the pharmacophore, and 3D mapping of the distance among all those 

characteristics. 

❖ Pharmacophore maps can be generated by the superposition of the active compounds for 

identification of their common characteristics.

❖ On the basis of the pharmacophore maps either de novo design or 3D searching in the data 

bases can be performed.



Fragment-based screening

❖ The fragment-based screening is gaining more and more popularity during the last decade and 

is proved to be reliable alternative of the high throughput screening. 

❖ “Fragments space" is smaller than the “chemical space" and can be more effectively studied 

with relatively smaller libraries.



In vitro and in vivo  ADME/TOX models

❑ ADME is an abbreviation in pharmacokinetics and pharmacology for “adsorption, distribution, 

metabolism and excretion" and it describes the positioning of a pharmaceutical in the organism. 

❑ The four criteria influence the drug levels and kinetics of its exposition in the tissues and in this 

way, they influence the action and the pharmacological activity of a certain compound as a 

drug.

❑ These methods can be applied in vitro, using cell tissues, or in silico – using computational 

models.

❑ Sometimes the potential or the real toxicity of a compound are also considered (ADME-Tox or 

ADMET).

❑ The computational chemists are trying to predict the ADME-Tox properties of the compounds 

using QSPR or QSAR methods.



CoMFA (Comparative Molecular Field Analysis)

❖ CoMFA (Comparative Molecular Field Analysis) is a 3D QSAR technique based on the data for 

known active molecules. CoMFA is often applied when the 3D structure of the receptor is 

unknown.

❖ How does CoMFA work?

✓ The active molecules are placed in three-dimentional net (2-distance), that encompasses 

all molecules.

✓ The steric energy (Lenard-Johns potential) and the electrostatic energy of each molecule 

are measured at any point of the net using atomic probe (SP3-hybridized C atom +1 

charge).

✓ To minimize the domination of the large steric and electrostatic energies all data that 

exceed a defined value (30 kcal/moll) are adjusted at a trash-hold value.

✓ CoMFA partly uses the Partial least squares regression (PLS) to predict activity on the 

basis of the energy values in the net points.



Molecular Dynamics (MD)

❑ The Molecular Dynamics is a computational simulation method for studying the physical 

movements of the atoms and the molecules.

❑ Since the molecular systems commonly are composed by a large number of particles it is not 

possible the properties of such complex systems to be determined by analytical methods.

❑ The МD simulation solves this problem using computational methods.

❑ However, the long MD simulations are not exact and generate cumulative errors in the 

numerical integration. They can be minimized by careful selection of algorithms and parameters 

but can not be fully eliminated.

❑ The method is initially developed within the theoretical physics area in the late 1950 but it is still 

applied nowadays – mostly in physical-chemistry, material science and biomolecules modeling.


