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Abstract: Molecular docking is a kind of bioinformatic modelling which involves the interaction of two or 

more molecules to give the stable adduct. Depending upon binding properties of ligand and target, it predicts the 

three-dimensional structure of any complex. Molecular docking generates different possible adduct structures 

that are ranked and grouped together using scoring function in the software. Docking simulations predict 

optimized docked conformer based upon total energy of the system. In spite of all potential approaches, 

ligand chemistry (tautomerism and ionization), receptor flexibility (single conformation of rigid receptor) and 

scoring function (differentiate true binding mode) still remained the challenge. Many important aspects of 

molecular docking in terms of its approaches, types, applications and challenges are briefly discussed in this 

article. 
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I. INTRODUCTION 
Molecular docking is an attractive scaffold to understand drugbiomolecular interactions for the 

rational drug design and discovery, as well as in the mechanistic study by placing a molecule (ligand) into the 

preferred binding site of the target specific region of the DNA/protein (receptor) mainly in a non-covalent 

fashion to form a stable complex of potential efficacy and more specificity [1,2]. The information obtained from 

the docking technique can be used to suggest the binding energy, free energy and stability of complexes. At 

present, docking technique is utilized to predict the tentative binding parameters of ligand-receptor complex 

beforehand. 

The main objective of molecular docking is to attain ligand-receptor complex with optimized 

conformation and with the intention of possessing less binding free energy. The net predicted binding free 

energy (ΔGbind) is revealed in terms of various parameters, hydrogen bond (ΔGhbond), electrostatic (ΔGelec), 

torsional free energy (ΔGtor), dispersion and repulsion (ΔGvdw), desolvation (ΔGdesolv), total internal energy 

(ΔGtotal) and unbound system’s energy (ΔGunb). Therefore, good understanding of the general ethics that govern 

predicted binding free energy (ΔGbind) provides additional clues about the nature of various kinds of interactions 

leading to the molecular docking [3]. 

Practical application of molecular docking requires data bank for the search of target with proper PDB 

format and a methodology to prepare ligand as a PDB file. To do this, there are various software’s (Discovery 

studio, etc.,) available from where the ligand can be made in PDB format. These tools provide the organization 

to ligands based upon their ability to interact with given target proteins/DNA. Molecular docking of small 

molecules to a target includes a pre-defined sampling of possible conformation of ligand in the particular groove 

of target in an order to establish the optimized conformation of the complex. This can be made possible using 

scoring function of software [4]. Since the infrared spectroscopy, X-ray crystallography and Nuclear Magnetic 

Resonance (NMR) spectroscopy are the techniques for the investigation and establishment of three dimensional 

structures of any organic molecule/ biomolecular targets. Hence homology modeling makes it possible to 

determine the tentative structure of proteins of unknown structure with high sequence homology to known 

structure. This provides a substitute approach for target structure establishment, which forms starting point for in 

silico drug discovery. 

There are various databases available, which offer information on small ligand molecules such as CSD 

(Cambridge Structural Database), ACD (Available Chemical Directory), MDDR (MDL Drug Data Report) and 

NCI (National Cancer Institute Database). While performing docking, different interacted conformers are 

generated and compared with each other. In the condition of rejection, new conformers are obtained and again 

search procedure continues to its endpoint after acceptance of one conformation. The docked conformers 

according to their experimental binding affinities and binding free energies seem to be more difficult than their 
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binding orientation. To overcome this problem, different scoring functions are employed such as consensus 

scoring; appliance of number of score functions to the same docked pose in order to eliminate false positives [5]. 

A huge number of attempts has been made for the development of efficient docking protocols. No doubt, 

significant progress has been made in the computational prediction of docking modes. This mini review article 

is dedicated to recent computational approaches, types, applications and its challenges. 

 

II. APPROACHES OF MOLECULAR DOCKING 
For performing molecular docking, primarily two types of approaches are used. 

 

SIMULATION APPROACH 
Here the ligand and target is being separated by physical distance and then ligand is allowed to bind 

into groove of target after “definite times of moves” in its conformational space (Figure 1). The moves involve 

variations to the structure of ligand either internally (torsional angle rotations) or externally (rotations and 

translations). The ligand in every move in the conformational limit releases energy, as “Total Energy”. This 

approach is more advantageous in the sense that it is more compatible to accept ligand flexibility. Additionally, 

it is more real to assess the molecular recognition between ligand and target. However, this approach takes 

longer duration to estimate optimal docked conformer due to the large energy dissipating for each conformation. 

Recently, fast optimization method and grid-based tools have dominantly revolutionized this drawback to make 

simulation approach more userfriendly [6]. 

 
SHAPE COMPLEMENTARITY APPROACH 

This approach employs ligand and target as surface structural feature that provides their molecular 

interaction (Figures 2 and 3). Here the surface of target is shown with respect to its solvent-accessible surface 

area and ligand’s molecular surface is showed in terms of matching surface illustration. The complementarity 

between two surfaces based on shape matching illustration helps in searching the complementary groove for 

ligand on target surface. For example, in protein target molecules, hydrophobicity is estimated by employing 

number of turns in the main-chain atoms. This approach is rather quick and involves the rapid scanning of 

numerous thousands of ligands in a few seconds to find out the possible binding properties of ligand on target 

molecular surface [5,6].       

III. TYPES OF DOCKING 
Comprehensively utilized docking tools employ search algorithms such as genetic algorithm, fragment-

based algorithms, Monte Carlo algorithms and molecular dynamics algorithms. Besides this, there are some 

tools such as DOCK, GOLD, FlexX and ICM which are mainly used for high throughput docking simulations. 

There are various kinds of molecular docking procedures involving either ligand/target flexible or rigid based 

upon the objectives of docking simulations [6,7] like flexible ligand docking (target as rigid molecule), rigid 

body docking (both the target and ligand as rigid molecules) and flexible docking (both interacting molecules as 

flexible). 

IV. APPLICATIONS OF MOLECULAR DOCKING 
Molecular docking can demonstrate the feasibility of any biochemical reaction as it is carried out 

before experimental part of any investigation. There are some areas, where molecular docking has 

revolutionized the findings. In particular, interaction between small molecules (ligand) and protein target (may 

be an enzyme) may predict the activation or inhibition of enzyme. Such type of information may provide a raw 

material for the rational drug designing.  

 

LEAD OPTIMIZATION 
Molecular docking can predict an optimized orientation of ligand on its target. It can predict different 

binding modes of ligand in the groove of target molecule. This can be used to develop more potent, selective 

and efficient drug candidates [5,7]. 

 

Hit identifications 
Docking in combination with scoring function can be used to evaluate large databases for finding out 

potent drug candidate in silico, which can target the molecule of interest [8]. 

 

Drug-DNA interaction 
Molecular docking plays a prominent role in the initial prediction of drug’s binding properties to 

nucleic acid. This information establishes the correlation between drug’s molecular structure and 

its cytotoxicity. Keeping this in view, medicinal chemists are constantly putting their efforts to elucidate the 

underlying anticancer mechanism of drugs at molecular level by investigating the interaction mode between 

nucleic acid and drugs [9,10] in presence of copper. Medicinal chemists are doing in silico observations where 
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their main finding is to predict whether the compound/drug is interacting with the protein/DNA. If the docking 

programme is predicting the said interaction, then the experimental procedures are made available to find out the 

real binding mode of the complex. This leads to the development of new anticancer drug. Furthermore, this 

knowledge would be instrumental in the detection of those structural modifications in a drug that could result in 

sequence/structure specific binding to their target [11]. 

Basic Challenges in Molecular Docking 

Certain basic challenges in docking and scoring are discussed under the following headings. 

 

LIGAND CHEMISTRY 
The ligand preparation has prominent effect on the docking results because the ligand recognition by 

any biomolecule depends on 3-dimensional orientation and electrostatic interaction. This confirms that the 

conformation of both the ligand as well as ligand preparation is important. Earlier, keeping approximate pKa 

values, the structure being most likely optimized by removing or adding hydrogens but the tautomeric and 

protomeric states of the molecules which are to be docked, still remained a major discrepancy. Since almost all 

databases keep molecules in their neutral forms but under physiological conditions they are actually ionized. 

Hence it is compulsory to ionize them prior to docking. But in different programs, the standard ionization is 

easy to achieve. Regarding the issue of tautomers, the problem still remains there, which tautomer one should 

use or should one use all possible tautomers [12]. 

 

RECEPTOR FLEXIBILITY 
This is a major challenge in docking i.e., handling of flexible protein. A biomolecule/protein adopts 

different conformations depending upon the ligand to which it binds. This confirms that docking done with a 

rigid receptor will give a single conformation of receptor. However, when the docking is done with flexible 

receptor, the ligands may require many receptor conformations to bind. In molecular docking studies, usually 

the most neglected aspect is different conformational states of proteins. Since the protein flexibility is important 

as it accounts for better affinity to be achieved between a given a drug and target. Another aspect of target 

flexibility is active site water molecules. Water molecules must be rectified to avoid using artifact waters in the 

docking process [13]. 

 

SCORING FUNCTION 

Another challenge in docking is imperfection in scoring function. Just like search algorithm is having 

potential to give optimum conformation, scoring function should also be able to differentiate true binding modes 

from all the other parallel modes. A potential scoring function would be computationally much economical, 

unfavourable for analyzing several binding modes. When there is accuracy, scoring functions make number of 

suggestions to evaluate ligand affinity. The physical phenomenon i.e., entropy and electrostatic interactions are 

disregarded in scoring schemes. Hence the lack of suitable scoring function, both in terms of accuracy and 

speed, is the main congestion in molecular docking programming [14]. 

 

V. CONCLUSION 
The potential docking technique is done after thoroughly screening the target, ligands and docking 

method performance. The ligand flexibility however is almost resolved and does not create much problem 

however protein flexibility needs to be improved. Water molecules should be included to consider the hydrogen 

bonding with non-aqueous residues. It is evident from docking literature that it has attained a good amount of 

maturity and in this short review, we have focused on types, approaches, applications and challenges of 

molecular docking in brief but accounting for flexibility and successful scoring remain significant challenges. 
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