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Abstract:- 

 The application of  Virtual screening method  as an important tool in our quest to access novel drug like 

compounds. There are a large range of comparable and contrasting methodological protocols available in 

screening databases for the lead compounds. The number of methods and software packages which employ 

the target and ligand based virtual screening are increasing at a rapid rate. However, the general 

understanding on the applicability and limitations of these methodologies is not emerging as fast as the 

developments of various methods. Virtual screening uses computer based methods to discover new ligands 

on the basis of biological structures. Virtual screening is divided into structural based screening (docking) and 

screening using active compounds as templates (ligand based virtual screening). Ligand based screening 

techniques mainly focus on comparing molecular similarity analyses of compounds with known and unknown 

moiety, regardless of the methods of the used algorithm. Docking is a computational tool of structure based 

drug design to predict protein ligand interaction geometries and binding affinities. In this review we provide 

an overview of the already used ligand based virtual screening and the docking with various databases, filters, 

scores and applications in the recent research in the pharmaceutical field. 

Key words:-Virtual screening ,Docking ,Structure Based Virtual Screening ,Ligand based virtual screening , 
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Introduction:- 

The search  for the new chemical entities and novel structural scaffolds with applications in the therapeutic 

areas is always at the heart of pharmaceutical chemistry. While arriving at these structures traditionally 

involve arduous, careful and systematic synthesis of several eventful structures or screening of natural 

products. Most of these efforts may be categorized as the chance discovery rather than a rational approach. 

The enthusiasm to embrace rational approaches is triggered in recent years following tremendous advances in 

the computations and protein crystallography¹-³.For those engaged in drug design, such as medicinal and 
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computational chemists, the research phase can be broken down into two main tasks: identification of new 

compounds showing some activity against a target biological receptor, and the progressive optimization of 

these leads to yield a compound with improved potency and physicochemical properties in-vitro, and, 

eventually,improved efficacy, pharmacokinetic, and toxicological profiles in-vivo. Identification of leads is 

driven either by random screening or a directed design approach, and traditionally both strategies have been 

of equal importance, depending on the problem in hand. The directed approach needs a rational starting 

point for medicinal chemists and molecular modeling scientist to exploit. Examples include the design of 

analogs of a drug known to be active against a target receptor and mimics of the natural substrate of an 

enzyme. Increasingly, the three-dimensional structure of many biological targets is being revealed by X-ray 

crystallography and nuclear magnetic resonance (NMR) spectroscopy, opening the way to the design of novel 

molecules that directly exploit the structural characteristics of the receptor-binding site. In recent years, this 

approach of structure-based design has had a major impact on the rational design and optimization of new 

lead compounds in those cases where the receptor structure is well characterized ³–⁶ 

Concept of Virtual Screening :- 

Virtual screening uses computer based methods discover new ligand on the bases of biological structure⁷. The 

basic goal of the virtual screening is the reduction of the enormous virtual chemical space of small organic 

molecules, to synthesize and/or screen against a specific target protein, to a manageable number of the 

compound that inhibit a highest chance to lead to a drug candidate ⁸. 

Methods of virtual screening:- 

Structure Based Virtual Screening :- 

 Structural based virtual screening begins with the identi-fication of a potential ligand-binding site on the 

target mole-cule⁹.Ideally the target site is a pocket or protuberance having a variety of probable hydrogen 

bond donors and ac-ceptors, hydrophobic characteristics, and with molecular adherence surfaces ¹⁰. The 

ligand-binding site can be the active site as in an enzyme; an assembly site with another macromolecule or a 

communication site, which is necessary in the mechanism of the molecule¹¹. Determining the structure of a 

target protein by NMR, X-ray crystallography or homology modeling befalls as a major and initializing stair in 

structure based virtual screening. Numerous X-ray crystallographic and NMR studies, in determining the 

experimental structures of ligands bound to the enzymes, serve as a major source of ideas for analog design, 

intern useful for the docking studies ¹². 
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Classification of structure based virtual screening 

Docking:- 

The process, which brings and binds the two molecular structures together, is called docking. Docking has 

been ac-knowledged with significant attention among all the virtual screening methods. Docking has been a 

capable choice for the modeling of 3-dimensional structure of the receptor-ligand complex and evaluating the 

stability of the complex that determines the specific biological recognition. The docking problem can be 

subdivided into two steps ¹³ 

 Exploring the conformational space of ligands that bind to target molecules.  

 Scoring this set, i.e. ranking it in accordance to the esti-mated binding affinity. 

Types of docking:- 

1.Flexible protein-ligand docking :- 

Flexible protein-ligand docking is extremely important for the discovery of new drugs. Through the exhaustive 

integration and fine tuning of different variables, the latest programs and algorithms are capable of predicting 

the behavior of chemical compounds and protein molecule in order to better help researchers find a more 

efficient drug leads. This method significantly reduces the necessary cost money and time consumed, as well 

as minimizing the non-specific interaction of drug molecule proteins; this aspect is essential for the 

consideration of selectivity and specificity ¹⁴. 

2.Flexible protein-protein docking :- 

Protein-protein interactions are also extremely important, since they are responsible for many necessary 

biological functions. Prediction of such interactions is extremely important to the complete understanding of 

human physiology. Association of two biological macromolecules is a fundamental biological phenomenon 
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and an unsolved theoretical problem. In recent years, several groups have developed a variety of tools in an 

attempt to solve the so called protein-protein docking problem, that is, the prediction of the geometry of a 

complex from the atom coordinates of its uncomplexed constituents. 

3.Hydrophobic docking  

In view of the higher occurrence of hydrophobic groups at contact sites, their contribution results in more 

intermolecular atom-atom contacts per unit area for correct matches than for false positive fits. The 

hydrophobic groups are also potentially less flexible at the surface. Thus, from a practical point of view, a 

partial representation of the molecules based on hydrophobic groups should improve the quality of the 

results in finding molecular recognition sites, as compared to full representation 

¹⁵.  
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Various Docking Programs  

DOCK systematically describes the geometries of ligands and binding sites by sets of spheres, attempting to fit 

each compound from a database into the binding site and the spheres could be overlapped by means of an 

approximate clique-detection procedure. In the recent version of DOCK, steric matching-scores with 

electrostatic and molecular-mechanics interaction energies are considered for the ligand-receptor complex. In 

scoring the docked orientations atomic hydrophobicity descriptors are being considered. Scheming the 

measure of fit for every record conformation and in turn grade the molecules in falling array of the evaluated 

scores reason the database searching ¹⁶. 

AUTODOCK is a script driven flexible automated and ran-dom search docking technique operated by altering 

the ligand or a subset of ligand with several rotatable bonds to predict the binding interaction between small 

molecules to the known receptor three-dimensional structure. The robust-ness of AutoDock can be attributed 

to the Monte Carlo simulated annealing, evolutionary, genetic and Lamarckian genetic algorithm methods. 

The prediction of bound conformations such as enzyme-inhibitor complexes, peptide-antibody complexes and 

even protein-protein interactions has shown a great success through AutoDock¹⁷. 

GOLD uses a flexible docking mode for small molecules into protein binding site which utilizes genetic 

algorithm for the conformational search that forms a powerful tool for screening and identification of novel 

lead compounds. Gold is very highly regarded within the molecular modeling com-munity for its accuracy and 

reliability and its genetic algorithm parameters are optimized for wide range of virtual screening applications 

¹⁸-¹⁹  Darwin, a program that uses the genetic algorithm to optimize the molecular conformation, orientation 

under the selective pressure of minimizing the potential energy of the bound complex by communicating with 

the molecular mechanics program CHARMM to make the energy calculations. 

 DARWIN uses the combination of a genetic algorithm with a gradient minimization search strategy²⁰. FlexX 

uses a pose-clustering algorithm to classify the docked ligand conformers, where the placement of rigid core 

fragment is based on interaction geometry between fragment and receptor groups. Prior to docking FlexX cuts 

the ligand at rotatable bonds into pieces, places a base fragment into the active site, and incrementally builds 

up the ligand again, using the other pieces. For a protein with known three-dimensional structure and a small 

ligand molecule, FlexX predicts the geometry of the protein-ligand complex and estimates the binding affinity 

²¹-²² 

  GLIDE (Grid Based Ligand Docking with Energetics), approximates a close and complete systematic search for 

the conformational, orientational and positional space of the docked ligand. Glide uses a series of hierarchical 

filters to search for possible locations of the ligand in the active-site region of the receptor. A grid 
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representation for the shape and properties of the receptor is used that progressively scores for ligand posing 

²³. 

Ligand Based Virtual Screening : 

 In LBVS process, the most effective biologically active lead molecule is detected using 

structural or topological similarity or pharmacophoric similarity search. Taking into 

consideration several criteria such as structure as well as shape of individual fragment or 

electrostatic properties of the molecule carries out the similarity comparisons. The leads 

generated are ranked based on their similarity score, obtained using different methods or 

algorithms. 

 

1D- and 2D- Descriptors : 

 Bulk properties like Molecular weight, Molar refractiv-ity, log P are in general considered as 

one-dimensional (1D) descriptors²⁴  of a molecule where as 2D descriptors are generated 

based on different two-dimensional qualitative or quantitative properties of lead molecule. In 

generating 2D descriptor ²⁵-²⁶ any kind of measures can be used such as topological, 
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conformational or microscopical. A detail view of molecule can be narrated using 2D 

descriptor. The techniques based on these 2D molecular descriptors are most widely used in 

different screening process.   

2D Descriptors are classified as linear descriptors and tree-type descriptors. Similarly linear 

descriptors are again classified as binary and real valued descriptors. In binary descriptors 

there are two categories, namely structural keys and molecular fingerprints. Where as Feature 

Tree and MTree are considered as tree-type descriptors²⁷. 

 

a) Binary Descriptor  

 In binary descriptor representation, the presence of structural properties for each position of 

lead molecule is narrated by means of a Boolean bit set to ‘one’ otherwise to ‘zero’. It may 

indicate different qualitative properties such as presence or absence of specific functional 

groups or specific bonds (such as of hydrogen bonds or sulfide bonds etc) or it may indicate 

the number of specific bonds or functional groups present. For example, DMC (Dynamic 

mapping of consensus positions) method utilizes simplified binary descriptor spaces to 

distinguish sets of active molecules from other database compounds. Subsequently POT-DMC 

(Po-tency scaled- DMC) has been developed which also takes different potency levels of 

template compounds into account. ²⁸ 

 

 i) Structural keys: Structural keys  are array of Boolean values, which give information 

about presence or absence of a 2D fragment, and are generated using fragment dictionary. 

The disadvantage with structural keys is, if there are few dictionary fragments for a database, 

then the key will not be properly identified and unwanted results will be obtained in case of 

substructure screening. MACCS keysare the structural keys, where in it is possible to take into 

account about the frequency of occurrence of each fragment instead of simple presence or 

absence. So it is bet-ter to use MACCS keys for fast screening.  

 

 ii) Molecular fingerprints: The structural keys have a limitation that it requires sufficient 

set of predefined fragments. In order to avoid this inconvenience, molecular fingerprints  are 

introduced. These descriptor models for a molecule are generated from the molecule itself 

and each bit represents a sequence of linked atoms with specified atom types, called a path. 

The fingerprinting algorithm generates a list of all paths up to a specified length. A hash 

function used here to calculate the location of the bit that has to be set. In molecular 

fingerprint a particular bit represents not a single specific bond path, but several paths. The 

shorter the lengths of the fingerprint, the more different paths are represented by the same 
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bit and causing confusion during assessment of fingerprint. Examples for programs based on 

‘bit string descriptors’ are structural keys by Daylight fingerprint and UNITY finger print ²⁹. 

 

b) Real-Value Descriptor: 

 The real value descriptor vectors represent the pharmacophoric site of a lead compound by 

generating a hologram. For estimating similarity between two different molecules different 

functions such as Tanimoto coefficient and cosine coefficient are used. A number of distance 

functions have been proposed, including the well-known Manhattan and Euclidean metrics for 

real-valued descriptors, and the Tanimoto coefficient for binary descriptors. For example the 

VolSurf  program represents the three dimensional molecular field interactions between the 

molecules using 2D descriptor. Recently, Bajorath et al. has developed a realvalue descriptor 

based mapping method named MAD (Mapping to Activity-class-specific descriptor value 

ranges) . MAD systematically compares descriptor values range of reference compound 

activity classes with those of test database compounds in order to identify descriptors having 

activity-class-specific settings. In contrast to DMC, it is static” because its dimensionality is 

given and not modified. Moreover, MAD utilizes original descriptor values and not binary 

transformed or otherwise simplified descriptor representations. Improving it further they 

developed DynaMAD (Dynamic MAD) ³⁰ including dynamic descriptor selec-tion. That is in 

MAD, descriptor selection was carried out during the initial step, leading to a constant 

descriptor number for mapping. By contrast, in DynaMAD, the numbers of selected 

descriptors are increased in a stepwise manner and alternates with compound map. 

Conclusion:- 

Vertual screening is an integral part of Dug research .A wide range of computer based tools 

are being developed and refined to effectively employ fast screening method to yield potent 

hits .The last few years have witnessed an explosive growth in successfull applications 

employing a large ranging method ,spanning similarity analysis scoring ,fast 

docking ,Pharmacophore based search graph therotical approach machine learning tools etc. 

The interplay between computational modeling and experimental research seems to have 

reached a decisive stage where the input from each of these disciplines are essential for their 

mutual growth .The supporting and useful role played by the computational procedure has 

been recognised by one and all . 
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