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ABSTRACT 

Molecular docking is a modeling tool of Bioinformatics which includes two or more molecules which interact to provide a stable product in the form 
of a complex. Molecular docking is helpful in predicting the 3-d structure of a complex which depends on the binding characteristics of Ligand and 
target. Also, it is a structure-based virtual screening (SBVS) utilized to keep the 3-d structures of small molecule which are generated by computers 
into a target structure in various types of conformations, positions and orientations. This molecular docking has come out to be a novel concept with 
various types of advantages. It behaves as a highly exploring domain due to its significant structure-based drug design (SBDD), Assessment of 
Biochemical pathways, Lead Optimization and in De Novo drug design. In spite of all potential approaches, there are certain challenges which are-
scoring function (differentiate the true binding mode), ligand chemistry (tautomerism and ionization) and receptor flexibility (single conformation 
of rigid receptor). The area of computer-aided drug design and discovery (CADDD) has achieved large favorable outcomes in the past few years. 
CADD has been adopted by various big pharmaceutical companies for leading discoveries of drugs. Many researchers have worked in order to 
examine different docking algorithms and to predict molecules' active site. Hence, this Review article depicts the whole sole of Molecular Docking. 
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INTRODUCTION 

Molecular Docking involves the anticipation of the recommended 
conformation of the ligand against receptor (Protein) to achieve a 
complex which is stable [1]. These recommended orientations are thus 
used in predicting the affinity of binding amongst the ligand and protein 
by the help of scoring functions. Thus Docking mainly aims at 
anticipating the binding orientations of drug candidates in response to a 
particular target protein to check the activity of the drug molecule in 
order to achieve a specific drug design and discovering a novel drug (fig. 
1). But there is a requirement of previous knowledge of the favorable 
orientation predicting the binding strength of two molecules by the help 
of a scoring function. Docking also aims at the formation of rational drug 
designs by attaining a stable ligand-receptor complex with minimum 
binding free energy [2]. There are various factors that predict the 
binding free energy (ΔGbind) displayed in the form of different 
parameters such as-electrostatic (ΔGelec), hydrogen bond (ΔGhbond), 
torsional free energy (ΔGtor), desolvation (ΔGdesolv), dispersion and 
repulsion (ΔGvdw), total internal energy (ΔGtotal) and unbound energy 
of system (ΔGunb). Consequently, one needs a profound knowledge 
about the common ethics governing the prediction of binding free 
energy (ΔGbind) providing extra indications of interacting molecules 
which will lead to the stable docking procedures [3]. Also the docking 
technique aims at computationally simulating the process of 
identification of molecules and achieving a better conformation so as to 
minimize the overall free energy of the system. It is very difficult to 
discover a new drug. In silico–chemico biological approaches are the 
main bases of modern drug discovery. A lot of popularity, 
implementation and appreciation had been gained by the use of 
computer-aided procedures in the discovery of drugs and generation 
procedures. There are multiple software and tools which can be utilized 
in Computer-aided Drug Design (CADD) including-Auto-Dock 
(http://vina.scripps.edu/), DOCK (http://dock.compbio.ucsf.edu/), 
FlexX (https://dblp.org/pid/64/5059.html), Glide 
(https://www.schrodinger.com/products/glide), GOLD 
(https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/) 
and Ligand Fit (https://www.phenix-online.org/). 

 

Fig. 1: Basic molecular docking procedure [2] 

 

Computational approaches to drug discovery or CADD 

Computer-aided Drug Design (CADD) is an extensively used term 
since 1980. It represents the computer-based approaches as a tool 
and a source for the storing, managing, analyzing and modeling of 
compounds. Various features of drug discovery can be explored by 
the CADD approach like the designing of compounds, studying 
chemical interactions and assessment of potentially leading 
candidates [4]. CADD can be principally applied to achieve the 
identification, validation and optimization of the target molecule and 
even for the preclinical trials [5-8]. The cost for the development of 
drugs can be decreased up to 50%by the CADD approach [9]. The 
virtual screening involves the examination of a large no. of databases 
of compounds to search for the binding capacity for a target. Out of 
the huge databases, an appropriate subset of compounds is selected. 
This technique thus reduces the amount of compounds to be tested 
by conducting various experiments and enhancing the hit rate of 
novel drugs [10]. 

a. The computational approach is beneficial in drug designing and 
development. 

b. Novel Drug discovery and optimization can be achieved by the 
chemical and biological information gathered about the target and 
the ligand from the computational databases. 

c. Some in silico filters have been designed to remove chemical 
compounds with unwanted properties and for the selection of the 
most appropriate candidate. 
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d. By the use of computational approaches, it becomes easy to 
identify the novel drug target. Also the protein data bank proves to 

be a promising tool for the retrieval of target protein structure 
(fig. 2). 

 

 

Fig. 2: Computational approaches to drug discovery [3] 

 

e. The application of virtual screening can be seen in finding novel 
drug candidates from different chemical sets by inquiring about the 
databases [11, 12]. 

Various interactions involved in the docking procedure 

There can be four different types of Interaction forces:  

(1) Electrodynamics forces-Van der Waals interaction. 

(2) Electrostatic forces-dipole-dipole, charge-dipole and charge-charge 

(3) Solvent-related forces-Hydrogen bond and hydrophobic interactions 

(4) Steric forces-Caused by entropy [13, 14]. 

The docking procedure aims at predicting one of the best 
approaches of binding ligands with its suitable macromolecular 
partner which is most often a protein. This technique thus generates 
possible orientations in the form of ligand poses in a huge amount 
inside the binding site of the protein. Thus, it necessitates the 
presence of the 3-d structure of the targeted molecule. This 
structure can be any of the type, either achieved after conducting 
various experiments like X-ray crystallography/Nuclear Magnetic 
Resonance or by utilizing various computer-aided techniques like 
homology modeling [15]. Molecular docking involves two main 
stages: a search algorithm and a scoring function, which is 
associated with a score predicting every conformation [16-18]. 

Search algorithm 

The searched algorithm must be able to generate the most favorable 
amount of configurations to be admitted by conduction of many 
experiments to determine modes of binding. There exist many 

relevant algorithms for analyzing docking procedures like Point 
complementary, Monte Carlo, Fragment-based, Genetic algorithms, 
Systematic searches, Distance geometry etc., [19, 20]. 

Various docking approaches 

Monte carlo approach 

This approach is beneficial in generating an initial orientation of a 
ligand at the active site which possesses translation, random 
conformation rotation. The starting orientation can be scored from it 
and it can also score a new configuration after generating it. A 
metropolis criterion is useful in the determination of the retaining 
ability of a new configuration. (Metropolis criterion is based on the 
immediate acceptance of new solution scores only when it is better 
than the previous one. In case a configuration is not found to be new, 
the application of a Boltzmann-based probability function is done, 
which finally decides if the configuration is accepted or rejected on 
the basis of the passing of the probability function test. 

Fragment-based method 

This method as the name suggests, mainly depends on the division 
of ligands in the form of fragments or small protons followed by the 
docking procedure and finally the linking of docked fragments is 
performed. 

Distance geometry 

Information about the structure has been utilized by the Distance 
Geometry to be conveyed as intra or intermolecular distances. First 
of all, this geometry assembles the distance and then the consistency 
of 3-d structures is calculated with these distances. 
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Matching approach 

The main basis of this approach is the complementarity between the 
ligand and the protein. In this approach, the ligand-receptor 
configuration is generated by placing the ligand atom at the best site of 
the protein. This configuration, thus formed may need to be optimized 
further. 

Ligand fit approach 

The base of this approach is the shape resemblance between ligand 
and protein active sites. Hence, it is beneficial in the rapid and 
accurate methods for docking of smaller molecule ligands into the 
active sites of protein. 

Point complementarity approach 

This approach aims at evaluating the shape and chemical 
complementarity between the molecules forming specific interactions. 

Blind docking 

This docking approach is used in the detection of binding sites which 
are possible. Also in identifying the fashion of peptide ligand by 
overall surface scanning of the targeted proteins. 

Inverse docking 

This docking procedure utilizes computational methods to detect 
the toxicity and side effect of small molecular protein targets. The 
understanding of these proteins facilitates the side effects and 
toxicities of the drug molecules by the combined effects of 
proteomics and pharmacokinetic profile [21-23]. 

Scoring function 

This function is also an important constituent of protein-ligand docking 
protocols. Mainly, this function is utilized in the estimation and ranking 
of the conformational binding which are produced with the help of 
search algorithms. The score thus obtained after the ranking, directly 
corresponds to the ligands binding affinity so that the ligands with the 
topmost score become the best binders. Scoring is drawn up of 3 
expressions which are significant to docking and drug designing:  

a) Ranking of the orientations produced after docking search. 

b) Virtual Screening: To rank different ligands against the protein 

c) Selectivity and specificity: To rank one or more than one ligands 
against different proteins on the basis of their binding affinity [24-27] 

Also, the scoring functions act like a pose selector, utilized to 
differentiate correctly assumed binding fashion and binders for non-
binders in the group of poses produced by the sampling 
engine/search algorithm. The 3 main kinds of scoring functions are:  

Force-field based scoring functions 

This function proceeds the potential energy of a system by combined 
effects of bonded (intramolecular) and non-bonded (intermolecular) 
constituents. In molecular docking, more preference is given to the 
non-bonded components, by possibly adding the ligand-bonded 
terms, especially the torsional components. Intermolecular 
components mainly include the van der Waals forces, the 
electrostatic potential and the solvation energy to some extent [28]. 
Some of the examples of this scoring function includes-Gold Score 
and Auto Dock. Auto Dock is a multifaceted protein-ligand docking 
procedure offering various search algorithms like Monte Carlo 
Simulated Annealing algorithm, Genetic Algorithm (GA), and hybrid 
local search GA [Lamarckian Genetic Algorithm (LGA)]. The use of 
auto doc tools can be done with a visual interface called Auto Dock 
Tools (ADT) ensuring an adequate investigation of the docking 
results. While GOLD is a considerable protein-ligand docking 
program, allowing full ligand flexibility. It also ensures partial 
flexibility of proteins as its side-chain and backbone flexibility, 
which can be utilized by almost ten user-defined residues [29-31]. 

Empirical scoring functions 

It is the combining effect of many empirical energy terms like 
electrostatic, van der Waals, hydrogen bond, entropy, desolvation 

and hydrophobicity [32]. Glide score, FlexX [33], and LUDI [34, 35] 
are examples of this scoring function. Glide score has proved to be 
an integrated explication for protein-ligand docking, which is 
accessible as a module in the Schrodinger software suite, managed 
by the Schrodinger LLC [36, 37]. Glide has been capable of gaining a 
considerable amount of users in a very short span of time for about a 
few years and is becoming prominent as an animating option for 
protein-ligand docking. Glide is capable of generating set of grids 
with various kinds of fields depicting geometries and characteristics 
of the bonding site region of the receptor [38, 39]. 

Knowledge-based scoring functions 

These functions are called by another name which is the statistical 
potential-based scoring functions. Their development has been done 
by the statistical examination of the atom pairs that are visible in a 
training data set. The Inverse-Boltzmann equation defines the 
relationship of structural features frequency and the interaction 
energies allotted to those features [40]. This scoring function is able 
to maintain more balance between accuracy and speed as compared 
with the other scoring functions. But it lacks behind from the others 
by being trained set-dependent. Some examples of this function 
include the potential of mean force (PMF) [41, 42] and IT Score [43-
48] 

Various types of docking 

During the 1980s, the very first algorithm for docking procedures 
was developed [49]. The receptor was optimized by a number of 
spheres which filled the cleft of its surface while the ligand was filled 
with one more set of spheres depicting its volume. In order to find 
out the most favorable steric overlap between receptor spheres and 
the site of binding a study was conducted by neglecting any type of 
conformational movement. The docking procedures can thus be 
differentiated on the basis of degrees of flexibility of the molecules 
concerned with the calculation [50] (fig. 3): 

Rigid docking/lock and key phenomena 

The ligand along with its associated protein are contemplated rigid 
entities and during the sampling procedure, only three-three each of 
the translational and rotational degrees of freedom are studied. This 
estimation is similar to the “lock and key” model for binding and is 
basically utilized for protein-protein docking where it becomes 
difficult to sample the amount of conformational degrees of freedom 
as it is much higher. These methods mainly involve optimization of 
the binding site and the ligand with hot points and the evaluation of 
superposition of matching points [51] 

Semi-flexible docking 

Out of the ligand and protein, the former is flexible and the latter is 
rigid. Hence, the sampling of the conformational degrees of freedom 
of the ligand is done along with the 6 translational and rotational 
ones. These procedures presume that a ligand which is to be docked 
can be recognized by the fixed orientation of a protein. 

Flexible docking/Induced fit model 

This method focuses on the concept of both protein and ligand to be 
flexible equivalents of each other at the time of binding. It involves 
either the utilization of an induced fit model or the conformational 
selection. 

Molecular docking technique: steps involved 

The technique involves the In silico study of intermolecular 
interaction between two molecules i.e. a ligand and receptor, where 
the protein receptor is a macromolecule and the ligand is a 
macromolecule that acts as an inhibitor. The technique constitutes:  

Preparation of protein 

The first step involves the retrieval of the 3-d structure of the 
protein from the Protein data bank (PDB); and the structure thus 
obtained is allowed for pre-processing. This step also capacitates to 
remove water molecules from the cavity, for the stabilization of 
charges, filling the missing residues and formation of side chains on 
the basis of present parameters. 
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Prediction of active site 

The preparation of protein is followed by the prediction of its active 
site. A lot of active sites may be possessed by the receptor, but the 
one which is accurately concerned with the ligand is selected. But 
the water molecules and hetero atoms if present, are then 
withdrawn [52, 53]. 

Preparation of ligand 

Ligands can be retrieved from several databases such as ZINC, Pub 
Chem or can be sketched applying Chem sketch tool. While picking 
out the ligand, the LIPINSKY’S RULE OF 5 should be utilized. Lipinski 

rule of 5 assists in discerning amongst non-drug like and drug like 
candidates. It promises high chance of success or failure due to drug-
likeness for molecules abiding two or more than two rules. For 
choice of a ligand allowing to the LIPINSKY’S RULE:  

a) Less than five hydrogen bond donors  

b) Less than ten hydrogen bond acceptors  

c) Molecular mass less than 500 Da  

d) High lipophilicity (expressed as LogP not over 5)  

 
e) Molar refractivity should be between 40-130 

 

Fig. 3: Various docking procedures [50] 

 

Energy minimization 

The ligand is the main candidate for this procedure as it can attain 
various orientations. The one with minimum energy will be 
considered the best and most stable ligand conformation. The two 
different types of energies are:  

a) Electrostatic potential energy: It is a pairwise summation of 
coulombic interactions as described in equilibrium. 

E(r) = �
NA

i=1

�
NB

j=1

qiqj
4πƐ0rq

 

In Equation N= the number of atoms in molecules A and B 
respectively q = charge on each atom. 

b) Van Der Waals Potential Energy: The general treatment of non-
bonded interactions is often modeled by a Lennard-Jones 12-6 
function as in equilibrium mentioned in the equation:  

 

E(r) = �
N

j=1

�
N

i=1

4Ɛ ��
σn
rq
�
12

− �
σn
rq
�
6

� 

S = is the well depth of the potential 

s = is the collision diameter of respective atoms i and j 

Verification of docking software packages 

There is a huge availability of various software packages in the 
market for molecular docking. The relative assessment is performed 
for the identification of the most promising software package which 
can predict the nearest match to the crystallographic data on the 
protein-ligand complex- 

a) A familiar standard ligand is selected, e. g. Nevirapine 

b) X-ray crystallography is used to predict the coordinates of the 
binding position of Nevirapine and coordinates of active site amino 
acids experimentally. 

c) A ligand is taken and is docked into the active site of various 
enzyme software packages, now, translation and rotation of ligand 

are done totally. Then the final binding energy is determined 
followed by its grading. 

d) The comparison of the most stable ligand fit is performed by X-
ray crystallographic binding coordinates. This can lead to the 
selection of the most favorable software package for the study of 
docking procedures. 

Docking 

The last step involves the docking of the ligand against its 
corresponding protein and the interaction between the two is 
examined. The scoring function thus provides the score on behalf of 
the most effectively docked ligand-protein complex and then this 
complex is apparently selected. 

Docking software 

Throughout the last twenty years, many docking procedures have 
been drawn up table (1) [54-56]. 

Applications 

The activation or inhibition of the protein is achieved by molecular 
docking while the ligand binding leads to agonism or antagonism. 
Some of the applications include:  

1. For evaluating various databases to discover the most powerful 
drug candidate [61]. 

2. Prediction of optimized conformation of ligand on its target [62, 63]. 

3. Bioremediation 

4. Checking Biological activities by predicting Ka values 

5. Prediction of binding sites 

6. Adoption of orphan receptor protein 

7. To study interactions between proteins 

8. To seek leading structures for protein targets 

10. To study enzymatic reaction procedures 

11. Protein engineering 
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Table 1: Properties of currently available molecular docking tools [55] 

S. No. Different 
tools  

Name of designer/ 
Company 

Licensing 
terms 

Assisted 
platforms 

Approach for 
docking 

Scoring 
function 

References 

I Auto Dock D. S. Good sell 
and A. J. Olson 
The Scripps 
Research Institute 

Free for 
Academic 
Use 

Unix, Mac 
OSX, 
Linux, SGI 

Genetic 
Algorithm 
Lamarckian 
Genetic 
Algorithm 
Simulated 
Annealing 

Auto Dock 
(force-field 
methods) 

13 

II DOCK 
 

I. Kuntz 
University of 
California, 
San Francisco 

Free for 
Academic use 

Unix, Linux, 
Sun, IBM 
AIX, Mac 
OSX, Windows 

Shape fitting 
(sphere sets) 

Chem Score, 
GB/SA 
solvation 
scoring, other 

57 

III Flex X 
 

T. Lengauer and 
M. Rarey 
BioSolveIT 

Commercial 
Free evaluation 
(6 w) 

Unix, Linux, 
SGI, Sun 
Windows 

Incremental 
Construction 

FlexXScore, 
PLP, Screen 
Score, Drug 
Score 

58 

IV Glide 
 

Schrödinger Inc. Commercial Unix, Linux, 
SGI, IBM 
AIX 

Monte Carlo 
Sampling 

Glide Score, 
Glide Comp 

59 

V GOLD 
 

Cambridge 
Crystallographic 
Data Centre 

Commercial 
Free evaluation 
(2 mo) 

Linux, SGI, 
Sun, IBM, 
Windows 

Genetic 
Algorithm 

Gold Score, 
Chem Score 
user defined 

60 

VI Ligand Fit 
 

Accelrys Inc. Commercial Linux, SGI, 
IBM AIX 

Monte Carlo 
Sampling 

Lig Score, 
PLP, PMF 

26 

 

Basic challenges 

Ligand chemistry 

The docking results are prominently affected by the ligand 
preparation because the recognition of ligand by any biomolecule is 
dependent on 3-d confirmation and electrostatic interaction. This 
proves the importance of orientation and preparation of ligands. By 
removing or adding hydrogens the structure to be docked can be 
optimized, but the tautomeric and protomeric molecular states still 
become the major inconsistency. The molecules remain in their 
neutral forms by all databases but under certain physiological 
conditions, they are actually ionized. Since molecules are kept in 
their neutral form of almost all the databases, but they are actually 
ionized under physiological conditions. Thus, their ionization is 
required to be done before docking. But this standard ionization can 
be achieved easily through different programs. Concerning the 
matter of tautomers, there still remains a problem of selecting one 
tautomer out of the all others [64]. 

Receptor flexibility 

The receptor flexibility, i.e. the handling of flexible protein is a major 
issue of molecular docking. Different conformations are adopted by 
a protein which depends on the binding ligand. This ensures the 
occurrence of a single receptor orientation when the docking is 
performed using a rigid receptor. Although, the ligands may need 
various receptor orientations to bind, when the docking is 
performed with a flexible receptor. In understanding the concept of 
molecular docking, the most varied orientation states of proteins are 
the most neglected features. Since the protein flexibility depicts the 
achievement of better affinity between a present drug and target, 
hence is important. Active site water molecules are one more feature 
of target flexibility. To avoid the use of artifact waters in the docking 
procedure, the water should be rectified [65]. 

FUNCTION 

The defect in the scoring function is also a major challenge of 
docking. The scoring function aims at discriminating between the 
correct binding modes and all other aligned modes. The scoring 
functions create various proposals for evaluating the affinity of 
ligands when there is accuracy. Entropy and electrostatic 
interactions, which are physical phenomena, are disregarded in 
scoring schemes. With reference to accuracy and speed, the absence 
of applicable scoring function is the major obstruction in the 
molecular docking procedures [66]. 

CONCLUSION 

The docking procedures have come out to be one of the most 
favorable techniques in the field of drug designing, especially in the 
past few years. This could be possible by the increased availability of 
various software used in docking, its advanced approaches and the 
rapidly growing users. Along with all the enhancing benefits, some 
problems are also to be faced while performing molecular docking. 
This mainly involves the achievement of efficient protein flexibility 
during searching algorithms and the presence of water molecules 
along with entropy treatments during scoring function. But there are 
a varied number of software available to overcome these problems 
and new alternatives are also continuously appearing in each 
upcoming year. Though in this rapidly growing field all the 
alternatives will become outdated sooner or later especially if not 
updated timely. So, the early adopters own a special benefit here as 
it is difficult to master a newly formed software. 
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