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ABSTRACT 

The process of search of a lead molecule is long and tiresome process. Luckily, computational tools have come to the emancipation 
and have doubtlessly played a crucial role in rationalization path to drug discovery. In this review article, we present a brief 
introduction of molecular docking methods, and their development and applications in drug discovery. The study of molecular docking 
and simulation deals with the intermolecular interaction between the drug targets like proteins, nucleic acid, lipids, and ligands. The 
focus of molecular docking is to obtain the optimized conformation for both ligand and protein and relative orientation between 
protein and ligand. The aim of the article is to clear-cut various aspects of molecular docking including basic steps of docking, type of 
interactions, software tools with their algorithms, scoring functions have been summarized. This review article will help the 
researchers and clinicians to make use of massive potential of computer aided drug design in designing and identification of drug 
molecules and thereby helping in the management of many lethal disease.  

Keywords: Docking, Structure Based drug design, Ligand, Receptor, Scoring function, Algorithm, Protein-ligand interaction, Software 
and Hardwares. 
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INTRODUCTION 

he completion of the human genome project has 
resulted in an increasing number of new therapeutic 
targets for drug discovery. At the same time, high-

throughput protein purification, crystallography and 
nuclear magnetic resonance spectroscopy techniques have 
been developed and contributed to many structural details 
of proteins and protein-ligand complex.1 Over the last 
couple of decades, many experimental and high-
throughput screening methods have been used in drug 
designing. Traditional approaches were highly expensive, 
more time consuming and less efficient to discover novel 
therapeutic drugs. To overcome drawback of traditional 
methods, more effective and rational methods have been 
introduced which rely on virtual screening. Based on the 
availability of structural information, the method of virtual 
screening can be classified as structure based and ligand-
based drug designing method. The structure-based drug 
designing approach describes molecular docking whereas 
ligand-based methods are dealing with quantitative 
structure activity relationship and pharmacophore 

modeling. A wide range of therapeutically important 
molecular targets are known due to availability of 
structural information of proteins and protein –ligand 
complexes through techniques of chemical synthesis, 
purification, X-ray crystallography and Nuclear Magnetic 
Resonance Spectroscopy (NMR).2 When the three-
dimensional structure of the target, even from 
experiments or computing, exists, a frequently used 
technique to design inhibitor molecules is structure-based 
drug design (SBDD). The most popular method in SBDD is 
molecular docking.3 The molecular docking method 
determines interaction between ligand and target 
molecule. It predicts binding affinity of ligand to form a 
stable complex with protein by finding preferred 
orientation of minimum free binding energy.4 In addition 
to pharmacodynamics data (e.g., potency, affinity, 
efficacy, selectivity), pharmacokinetic properties (ADMET: 
absorption, distribution, metabolism, excretion and 
toxicity) have also been studied through the application of 
these methodologies. The field has progressed hand in 
hand with advances in bio-molecular spectroscopic 
methods such as X-ray Crystallography and nuclear 
magnetic resonance (NMR), which have enabled striking 
progress in molecular and structural biology. These 
techniques have allowed the resolution of more than 
100,000 Three-dimensional protein structures, providing 
vital structural information about key macromolecular 
drug targets. Efforts in storing, organizing and exploring 
such information have generated a growing demand for 
robust and sophisticated computational tools. Based on 
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this perspective, the accurate integration of in silico 
experimental methods has provided the up-to-date 
understanding of the intricate aspects of intermolecular 
recognition.5 The research-based pharmaceutical industry 
has increasingly employed modern medicinal chemistry 
methods, including molecular modeling, as powerful tools 
for the study of structure-activity relationships (SAR). 6 

STRUCTURE BASED DRUG DISCOVERY 

Structure based drug design in most powerful and efficient 
process in the Entire drug discovery paradigm. 
Computational resources serve as an efficient technology 
for accelerating the drug discovery process, which includes 
various screening procedures, combinatorial chemistry, 
and calculations of such properties as absorption, 
distribution, metabolism, excretion and toxicity (ADMET).7 

SBDD is an iterative process (Figure no: 1) and it proceeds 
through multiple cycles leading an optimized drug 
candidate to clinical trials. Generally, a drug discovery 
process consists of four steps: 

➢ Discovery Phase 

➢ Development Phase 

➢ Clinical Trial Phase 

➢ Register Phase 

In Discovery Phase – a potential therapeutic target and 
active ligands are identified. 

In Development Phase – the top hits are synthesized and 
optimized.  

In Clinical Trial Phase – determine the 3D structure of the 
target protein in complex with the promising ligand 
obtained in the first phase. This phase includes clinical 
trials of the lead compounds. 

In Registry Phase – those compounds that pass the clinical 
trials proceed to the fourth phase in which the drug is 
distributed in the market for clinical use.8 

 

Figure 1: The iterative process of Structure-Based Drug Design.1 
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MOLECULAR DOCKING 

Molecular docking is an essential in-silico structure-based 
method widely used in drug discovery.9 Docking is a 
computational method, which facilitates the prediction of 
preferred binding orientation of one molecule (eg. Ligand) 
to another (eg. Receptor), when both interact each other in 
order to form a stable complex (figure 2).10 The best way 
involved in explaining molecular docking is “Lock and Key 
System” the steps involve in this system is  

❖ Finding the better orientation for the key which on 
the surface the key lock is present. 

❖ On the surface the key lock is present. 

❖ On which the direction to turn the lock is given. 

Hence, the protein can be taken as the lock the ligand can 
be thought as a key.11 Information gained from the 
preferred orientation of bound molecules may be 
employed to predict the energy profiling (such as binding 
constant) of complexes. This can be done using scoring 
function of molecular docking. This establishes raw data for 
the structure-based drug development of new agents with 
better efficacy and more specificity.12 The main objective of 
molecular docking is to attain an optimized docked 
conformer of both the interacting molecules in furtherance 
of achieving lessen free energy of the whole system. Final 
predicted binding free energy (∆Gbind) is modeled in terms 
of 

➢ Dispersion and Repulsion (∆Gvdw) 

➢ Hydrogen bond (∆hbond) 

➢ Desolvation (∆Gdesolv) 

➢ Electrostatic (∆Gelec) 

➢ Torsional free energy (∆Gtor) 

➢ Final total internal energy (∆Gtotal) 

➢ Unbound system’s energy (∆Gunb) 

 

Figure 2: Molecular Docking.2 

Therefore, detailed understanding of the general principles 
that govern predicted binding free energy (∆Gbind) 
provides auxillary information about the nature of various 
kinds of interaction driving the docking of molecules.13 

Types of Docking: 

The basic methodology of molecular docking can be 
categorized into three ways; 

➢ Induced fit Docking 

➢ Lock and key Docking 

➢ Ensemble Docking 

Induced fit Docking: In these both ligand and receptor are 
flexible. The ligands binds flexibly at the active site of 
receptor to maximize bonding forces between them.2 

Lock and Key Docking: On the basis of lock and key theory, 
both ligand and receptor are rigid and show tight binding.14 
It defines the basic concept of three-dimensional 
complementary.2 

Ensemble Docking: This approach explains flexibility and 
complexity of conformational states of proteins. Multiple 
protein structures utilized as an assemble for docking with 
ligand.15, 16 

APPROACHES OF MOLECULAR DOCKING 

For performing molecular docking, primarily two types of 
approaches are used.2 

1. Stimulation approach: It is computer stimulations, in 
which energy profiling is estimated for ligand target 
docked conformer. 

2. Shape complementarity approach: It is a technique 
that calculates surfaces complementarity between 
ligand and target.2 

The main properties of both the approaches are described 
in below (table 1) 

Table 1: Molecular Docking Approaches. 

Simulation Approach Shape Complementarity 
Approach 

In this approach, interaction 
energy as per ligand-
receptor pair are calculated. 

This approach implies the 
estimation of complementarity 
between ligand and receptor 
surface. 

To achieve the best docked 
conformer of ligand and 
receptor, ligand is allowed to 
fit into receptor’s groove 
based upon minimum 
energy consideration. 

To attain the docked 
conformer via this approach, 
solvent accessible topographic 
features of ligand and receptor 
in terms of matching surface is 
described. This is followed by 
the estimation of shape 
complementarity between 
interacting molecules for 
finding out optimal 
groove/pocket for ligand 
binding on its target. 

Every move of ligand into 
receptor’s pocket for best 
fitting generates an energy 
as total energy of system, 
which is compared to find 
out best docked conformer 
with minimum energy. 

This method consists of surface 
representation of receptor and 
ligand (i.e. surface construction 
and smoothing), features/ 
curvature calculation followed 
by docking and scoring 
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contingent to geometric 
complementary criteria. 

This approach is more 
compatible to accept ligand 
flexibility in molecular 
modeling tool, which 
facilitates real assessment of 
molecular perception and 
interaction between ligand 
and receptor molecules. 

Shape complementary 
approach allows both types of 
docking. In case of flexible or 
soft docking conformational 
changes may take place among 
bound and free interacting 
molecules. This is accompanied 
with the penetration and 
overlapping of both interacting 
molecules on each other. 
However, rigid docking does 
not let spatial alteration into 
shape of interacting molecules 
during molecular modeling. 

Performing the molecular 
modeling through this 
approach, requires much 
longer time as large energy 
profiling needs to be 
estimated. However, grid-
based tools and fast 
optimization methods have 
significantly transfigured 
this downside. 

This method encompasses the 
rapid scanning of large number 
of ligands for the binding on its 
target in a few seconds and 
hence, provides quick and 
robust outcomes. 

ALGORITHM 

There are two key parts to any docking program, namely a 
search of the configurational and conformational degrees 
of freedom and the scoring or evaluation function. The 
search algorithm must search the potential energy 
landscape in enough detail to find the global energy 
minimum. In rigid docking this means that the search 
algorithm explores different position for the ligand in the 
receptor active site using the translational and rotational 
degrees of freedom. Flexible ligand docking adds 
exploration of torsional degrees of freedom of the ligand to 
this process.17 

Fast Shape Matching (SM): 

➢ Shape matching algorithms are approaches that take 
into account the geometrical overlap between two 
molecules. 

➢ This approach may identify the possible binding sites 
of a protein by a macro-molecular surface search. 

➢ SM specific algorithms establish possible 
conformations of predicted binding sites.18 

➢ SM algorithm has been employed in several docking 
programs such as ZDOCK19, SYDOC20, EUDOC21, 
DOCK22, MSDOCK.23 

Incremental Construction (IC): 

This method split ligand into fragments that are docked 
separately in the receptor site. After the fragments are 
docked the parts are fused together. This fragmentation 
allows the algorithm to consider ligand flexibility. Rigid 
fragments that are docked initially work like “anchors” that 
are united secondarily by flexible parts of ligand which have 
rotatable bonds. In this way the ligand is gradually 

“constructed” inside the binding site of receptor.18 IC 
algorithm has been employed in several docking programs 
such as DOCK22, FLEXX24, FLOG25 and SURFLEX.26 

Monte Carlo (MC) simulations: 

❖ MC simulations were firstly introduced as a 
minimization procedure in molecular dynamics 
applications, such as implemented in GROMACS27 
and GROMOS.28 

❖ Later it was adapted for flexible docking algorithms 
as MCDOCK29 and ICM30 

❖ Further, MC simulations have demonstrated to be 
able to determine accurate and precise relative 
binding constants for protein systems.31 

❖ It is a good method to make analysis of bio-molecular 
systems in different thermodynamic conditions.18 

Simulated Annealing (SA): 

In SA a bio-molecular system is simulated by a specific kind 
of dynamic simulation. Every docking conformation is 
carried into a simulation where temperature is decreased 
gradually during regular intervals of time in each cycle of 
simulation. It may give a higher accuracy result when 
compared with MC, since it considers more detailed the 
conformational state and flexibility of both protein and 
ligand in different thermodynamics states during an interval 
of time.18 The application of this method has been subject 
of several studies, such as 

✓ Conformational-analysis32 

✓ Protein-structure prediction studies33 

✓ Molecular docking search methods34 

Distance Geometry (DG): 

This search method make use of information that can be 
expressed through intra- and intermolecular distance. 
These distance can be assembled, which enables the 
calculation of structure or conformations with them.35 

Evolutionary Programming (EP): 

EP algorithms use computational models of evolutionary 
natural processes as a tool to resolve problems. Despite 
having a large number of proposed computational models, 
all of them have one common concept: the concept of 
simulating species evolution through the processes of 
selection, mutation and reproduction, which depend on the 
“performance” of individuals (or “chromosomes”) of the 
specie inside of an “environment”.18 

Genetic Algorithm (GA): 

GAs belong to the class of EP algorithms with the purpose 
of finding or approximately solutions for search problems 
and, in molecular docking case, trying to find the exact or 
closet conformation of the global energy minimum. 

In GA programming, crossover, which is a genetic operator 
that combines (mates) two chromosomes (parents) to 
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produce a new chromosome (offspring), is applied in order 
to generate new chromosome that may be better than both 
of the parents if it takes the best characteristics from each 
of the parents. This process that swaps large regions of the 
“parents” is permitted in genetic algorithms. In this process 
many complex scoring functions are used, taking into 
account a set of parameters, such as mutation rates, 
crossover rates and number of evolutionary rounds.18 GA 
employed in several docking programs such as GOLD and 
DOCK.22 

“Lamarckian” GA (LGA) is also implemented in docking 
algorithms. The LGA switches between “genotypic spaces” 
and “phenotypic space”. Mutation and crossover occur in 
genotypic space, while phenotypic space is determined by 
the energy function to be optimized. Energy minimization 
(local sampling) is performed after genotypic changes have 
been made to the population (global sampling) in 
phenotypic space, which is conceptually similar to MC 
minimization. The phenotypic changes from the energy 
minimization are mapped back into the genes (by changing 
the ligand coordinates in the chromosome).36 One of the 
most known molecular docking programs that use LGA is 
the program AUTODOCK.37 

Tabu Search (TS): 

➢ Tabu search (TS) is an iterative procedure designed for 
obtaining solution of optimization problems. 

➢ It was developed and described by Glover and has been 
used to solve a large variety of hard optimization 
problems. 

➢ This procedure can be defined as a Meta-Heuristic 
methodology that can move from a solution to another 
being able to save in memory the already visited 
solutions. 

➢ TS algorithm is as extension of local search (LS) 
methods. Both methodologies share the same kind of 
search space, which is built from all possible solutions 
that can be considered (visited). 

➢ For molecular docking algorithms the search space 
refers to all possible conformations between two 
molecules. 

➢ TS differs from LS with use of a memory structure (tabu 
list) that avoids revisiting the already considered 
solutions and promotes the search for new solutions.18 

SCORING FUNCTIONS 

The Scoring functions play the role as poses selector, used 
to discriminate putative correct binding modes and binders 
from non-binders in the pool of poses generated by the 
sampling engine.38 The scoring function is one of the most 
important components in structure-based drug design. 
Despite considerable success, accurate and rapid prediction 
of protein-ligand interactions is still a challenge in molecular 
docking.39 

 

Different Type of Scoring Function 

Some of the commonly-used scoring function are 
summarized in figure 3. 

 

Figure 3: Commonly used Scoring Functions.3 

PHYSICS –BASED SCORING FUNCTIONS: 

Figure 4 describes the physics-based SFs including the 
scoring functions based on force field40, solvation 
models41,42 and quantum mechanics methods.43,44 

 

Figure 4: The description for physics-based Scoring 
Functions.3 

Force Field Based Scoring Function: 

Affinities are estimated by summing the strength of 
intermolecular van der waals and electrostatic interactions 
between all atoms of the two molecules in the complex 
using a force field (Eq.1 in Fig.4). The intra molecular 
energies (also referred to as strain energy) of the two 
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binding partners are also frequently included. Molecular 
mechanics force fields usually quantify the sum of two 
energies, the receptor-ligand interaction energy and 
internal ligand energy (such as steric strain induced by 
binding).39 

Solvent Methods: 

The force field-based SFs is improved by incorporating the 
torsion entropy of ligands and the solvation/desolvation 
effect described by explicit and implicit solvent methods 
(Eq.2 in Fig.4). However, the predictive accuracy for the 
binding energy is significantly subjected to the functional 
form of the potential energy and related parameters that 
are hard to locate because this type of scoring function is 
based on the force field.45 

Quantum Mechanics: 

Recent studies have developed the SF based on quantum 
mechanics (QM) to address the challenges of covalent 
interactions, polarization, and charge transfer in docking.45 
However, the QM-based SF has greater accuracy and 
computational cost than the force field-based SF. For this 
reason, a hybrid quantum mechanical/molecular 
mechanics (QM/MM) approach (Eq.3 in Fig.4)46 was 
developed to compromise the computational cost and 
predictive accuracy.43,44 

EMPIRICAL SCORING FUNCTIONS 

These functions are the sum of various empirical energy 
terms such as van der Waals, electrostatic, hydrogen bond, 
desolvation, entropy, hydrophobicity, etc., which are 
weighted by coefficients optimized to reproduce binding 
affinity data of a training set by least squares fitting.47 

An example of empirical SFs: X-score48 can be written as 
Eq.2 in Fig 3. 

 

Figure 5: The computational processing of knowledge –
based SFs.3 

Knowledge-Based Scoring Functions: 

Knowledge–based SFs derive the desired pairwise 
potentials from three-dimensional structure of a large set 
of protein-ligand complexes based on the inverse Boltz-
mann statistic principle. It is assumed that the frequency of 
different atom pairs in different distance is related to the 
interaction of two atoms and converts the frequency into 
the distance-dependent potential of mean force. The 
greatest advantages for knowledge–based SFs is 
compromising the computing cost and predictive accuracy 
compared with the physics-based and empirical SFs.45 
Figure 5 describes the computational flow for knowledge-
based SF. 

Machine-Learning-Based Scoring Functions: 

Unlike the classical SFs (Fig.3) with assumed mathematical 
functional form, machine-learning –based SFs employ a 
variety of machine-learning algorithms, such as support 
vector machine, random forest, neural network, deep-
learning etc, Figure 6 shows the common workflow to train 
a machine-learning-based SF. Although machine-learning-
based SFs have outperformed classical SFs,49,50,51 they are 
seldom directly incorporated into docking software but are 
usually used for rescoring.52 The reason is machine-
learning-based scoring function rely on the training dataset. 
If the protein and ligand are docked by classical docking 
software, and then the docked structure is rescored by 
machine-learning SFs, the accuracy will be improved.45 

 

Figure 6: Workflow of training a machine-learning-based 
SFs.3 

Software and Hardwares: 

The Various Software Tools, Sources of Protein and Ligand 
Database Used in the Molecular Docking are shown in the 
following Table 2. 
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Table 2: Software Tools Used in the Molecular Docking 

S.No Software Tools                         Novel features Reference 

1. Glide (Grid-based 
Ligand Docking with 
Energetics) 

Algorithm-Monte Carlo 

Scoring Term-Glide Score 

Advantages-Lead discovery and lead optimization 

Organization – Schrodinger 

Year of published -2004 

 Docking Speed – Medium 

Accuracy of Docking – 90 % 

Availability – Commercial 

Website - https://www.schrodinger.com/glide  

53 

2. Autodock Algorithm- Lamarkian genetic algorithm 

Scoring Term- Emperical free energy function 

Advantages-Adaptability to user defined input 

Organization – The Scripps Research Institute 

Year of Published – 1989 

Docking Speed – Medium 

Accuracy of Docking – 53% 

Availability – Free (GNC License) 

Website – http://autodock.scripps.edu/  

54 

3. Autodock Vinca  Algorithm – Broyden-Fletcher-Goldfab-Shannom (BFGS) 

Scoring Term – Semi-Empirical calculation on free energy. 

Advantages – It employs an iterated local search global optimizer and it is faster than 
AutoDock 4 

Organization – The Scripps Research Institute 

Year of Published – 1989 

Docking Speed – Fast 

Accuracy of Docking – 80% 

Availability – Free (Apache License) 

Website – http://autodock.scripps.edu/  

55 

4. GOLD(Genetic 
optimization for 
ligand Docking) 

Algorithm- Genetic algorithm 

Scoring Term - Gold score, Chemscore, ASP (Astex Statistical Potential), CHEMPLP 
(Piecewise Linear Potential), Used defined 

Advantages - Allows atomic overlapping between protein and ligand. 

Organization -  University of Cambridge 

Docking Speed – Fast 

Accuracy of Docking – 90 % 

Availability – Commercial 

Website – https://doi.org/10.1002/prot.10465  

56 

5. Surflex Algorithm – Surflex-Dock search algorithm 

Scoring Term – Bohm’s scoring function  

Advantages – High accuracy level by extending force-fields 

Organization – BioPharmics LLC 

Years of Published – 1998 

Docking Speed – Fast 

Accuracy of Docking – 58% 

Availability – Commercial  

Website – https://pubmed.ncbi.nlm.nih.gov/12570372/  

57 

6. LeDOCK Algorithm – Stimulated annealing (SA), Genetic Algorithm (GA)  

Scoring Term – Molecular Force Field 

Advantages – Program for fast ana accurate flexible docking of small molecules into a 
protein 

Organization – Lephar 

Year of Published – 2016 

Docking Speed – Fat  

Accuracy of Docking – 77% 

Availability – Free (for academic use) 

Website – http://www.lephar.com/download.htm  

58 
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7. Flex X Algorithm – Incremental reconstruction 

Scoring Term – Modified Bohm scoring function 

Advantages – Provides large number of conformations 

Organization – BioSolveIT 

Docking Speed – Fast 

Accuracy of Docking – 75% 

Availability – Commercial 

Website – https://www.biosolveit.de/FlexX/  

59 

 8. FlexAID(Flexible 
Artificial Intelligence 
Docking) 

Algorithm – FlexAID (A Small - Molecule Docking Algorithm that accounts for Target Side 
- Chain Flexibility) 

Scoring Term – Soft Scoring Function (based on Surface Complementarity) 

Advantages – Support full ligand flexibility as well side-chain flexibility of the target 

Organization – University of Sherbrooke 

Year of Published – 2015 

Availability – Free (Apache License) 

Website – http://biophys.umontreal.ca/nrg/resources.html  

60 

9. ICM(Internal 
Coordinate 
Modelling) 

Algorithm – Monte Carlo minimization 

Scoring Term -Virtual library screening scoring function 

Advantages – Allows side chain flexibility to find parallel arrangement of two rigid helixes 

Organization – MolSoft 

Years of Published – 1994  

Docking Speed – Fast 

Availability – Commercial 

Website – http://www.molsoft.com/docking.html  

61 

10. MVD (Molegro Virtual 
Docker) 

Algorithm – Evolutionary Algorithm 

Scoring Term – MolDock score 

Advantages – High accuracy level of predicting binding mode  

Organization – Molexus 

Accuracy of Docking – 87% 

Availability – Commercial 

Website – http://molexus.io/molegro-virtual-docker/  

62 

11. Fred(Fast Rigid 
Exhaustive Docking ) 

Algorithm – Exhaustive search algorithm 

Scoring Term – Gaussian scoring function  

Advantages – Nanostochastic approach to examine all possible poses within protein 
active site 

Organization – OMEGA (Open Eye Scientific Software) 

Availability – Commercial 

Website – https://www.eyesopen.com/oedocking-tk  

63 

12. LigandFit Algorithm – Monte Carlo Method 

Scoring Term – LigScore, Piecewise Linear Potential (PLP), Potential of Mean Force (PMF) 

Advantages – Generates good hit rates based on LigScore 

Docking Speed - Fast 

Accuracy of Docking - 46 

Availability – Commercial 

Website- https://www.phenix-online.org/documentation/reference/ligandfit.html  

64 

13. FITTED(Flexibility 
Induced Through 
Targeted 
Evolutionary 
Description) 

Algorithm – Genetic algorithm 

Scoring Term – Potential of Mean Force (PMF), Drug Score 

Advantages – Analyzes effect of water molecules on protein ligand complexes 

Organization – SAMSON 

Availability – Commercial 

Website – http://mgltools.scripps.edu/documentation/links/fitted  

65 

14. GlamDock Algorithm – Monte Carlo method 

Scoring Term – ChillScore 

Advantages – Provides provision of two-dimensional analysis to screen ligands by 
targeting protein. 

Organization – Chil2  

Docking Speed - Fast 

Accuracy of Docking – 62% 

Availability – Free 

66 
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Website –  http://www.chil2.de/Glamdock.html  

15. vLifeDock Algorithm – Genetic algorithm 

Scoring Term – PLP score, XCscore 

Advantages – Facilitates batch docking 

Organization – vLife  

Docking Speed - Fast 

Availability – Commercial 

Website – https://www.vlifesciences.com/products/Functional_products/VLifeDock.php  

67 

16. iGEMDOCK Algorithm – Genetic algorithm 

Scoring Term – Empirical scoring function 

Advantages – Highly significant in post-screening analysis 

Organization – BioXGEM 

Year of Published –2006 

Accuracy of Docking – 78 % 

Availability – Free (for non-commercial researches) 

Website – http://gemdock.life.nctu.edu.tw/dock/igemdock.php  

68 

17. GEMDOCK (Genetic 
Evolutionary Method 
for Molecular 
Docking) 

Algorithm – Rotamer-Based Mutation 

Scoring Term – AMBER-based energy function 

Advantages – the accuracy of molecular docking and the screening utility were better 
than other docking methods 

Organization – Developed by Jinn-Moon Yang, a professor of the institute of 
bioinformatics, National Chiao Tung University 

Accuracy of Docking – 85% 

Availability – Free (For Non-commercial Researches) 

Website – http://gemdock.life.nctu.edu.tw/dock/igemdock.php  

69 

18. SCIGRESS Algorithm – Genetic Algorithm 

Scoring Term – Semi-empirical quantum methods 

Advantages – It is software suite for molecular modelling, computational chemistry, drug 
design and material science. 

Organization – Developed And Distributed by Fujitsu 

Year of Published – Stable Realease - 2020 

Availability – Commercial 

Website – https://doi.org/10.11546/cicsj.26.122  

70 

19. HomDock Algorithm – Monte Carlo method 

Scoring Term – ChillScore 

Advantages – shows significantly higher accuracy than normal docking in cross docking 
benchmarks 

Organization – Chil2 

Docking Speed – Fast 

Availability – Free (open for general research) 

Website – http://www.chil2.de/HomDock.html  

71 

20. Fleksy Algorithm – CORINA 

Scoring Term – PLP  

Advantages – Consideration of protein flexibility during docking predictions with high 
accuracy. 

Organization – Provided by the centre for Molecular and Biomolecular Informatics, 
Radboud University Nijmegen 

Availability – Free (for academic users) 

Website – https://doi.org/10.1021/jm070593p  

72 

21. CABS-dock Algorithm – Monte Carlo Algorithm 

Scoring Term – knowledge-based and MM-GBSA scoring function 

Advantages – Stimulate significant backbone flexibility of the entire protein-peptide 
system in a reasonable computational time 

Organization – University of Warsaw 

Year of Published – 2015 

Availability - Free (for academic users and non-profit users) 

Website – http://biocomp.chem.uw.edu.pl/CABSdock/tutorial  

73 

22. Dock Algorithm – Genetic Matching Algorithm 

Scoring Term – AMBER Score (Assisted Model Building with Energy Refinement) 

74 
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Advantages – Predict the binding modes of small molecules 

Organization –University of California-San Francisco 

Year of Published –1988 

Availability – Free  

Website – https://dock.compbio.ucsf.edu/  

23. EADock Algorithm – Evolutionary Optimization 

Scoring Term – CHARMM (Chemistry at Harvard Macromolecular Mechanics)  

Advantages – Accurately predict binding modes  

Organization – Swiss Institute of Bioinformatics 

Year of Published – 2007 

Docking Speed – Fast 

Availability – Free (for academic use) 

Website – http://www.swissdock.ch/  

75 

24. GalaxyPepDock Algorithm – GalaxyPepDock Algorithm 

Scoring Term – Galaxy Refine flexible refinement method 

Advantages – Protein-peptide docking based on interaction similarity 

Organization – Computational Biology Lab, Department of chemistry, Seoul National 
University 

Year of Published – 2018 

Accuracy of Docking – 75.4% 

Availability – Free 

Website - http://galaxy.seoklab.org/pepdock  

76 

25. GalaxyDock Algorithm – CSA (Conformational Space Annealing) 

Scoring Term – AutoDock-Based Energy Function 

Advantages – Protein-ligand docking program that allows flexibility of pre-selected side 
chains of the ligand 

Organization – Computational Biology Lab, Department of chemistry, Seoul National 
University 

Accuracy of Docking – 10%-60% 

Availability – Free 

Website – http://galaxy.seoklab.org/softwares/galaxydock.html  

77 

26. HADDOCK (High 
Ambiguity Driven 
Biomolecular 
Docking) 

Algorithm – Hybrid 

Scoring Term – Score is a Weighted um of a variety of energy terms including van der 
Waals intermolecular energy, electrostatic intermolecular energy, radius of gyration 
energy, desolvation and restraint violation energies 

Advantages – Docks protein-protein based on biochemical or biophysical information 

Organization – Centre Bijvoet Center for Biomolecular Research 

Year of Published – 2003 

Accuracy of Docking – 83% 

Availability – Free 

Website – https://wenmr.science.uu.nl/haddock2.4/  

78 

27. HEX Algorithm – Spherical polar Approach 

Scoring Term – CAPRI (Critical Assessment of PRedicted Interactions) 

Advantages – An interactive protein docking and molecular superposition program  

Organization – Written by Dave Ritchie 

Year of Published –2008 

Docking Speed – Fast 

Availability – Free (for academic and governmental users) 

Website – http://hex.loria.fr/  

79 

28. OEDOCKING Algorithm – Shape Matching 

Scoring Term – Chemgauss4, Chemgauss3, Chemscore, PLP, Shapegauss 

Advantages – can utilize multiple crystallographic protein structures 

Organization – OpenEye Scientific (CADENCE MOLECULAR SCIENCES) 

Docking Speed – Fast 

Availability – Free (for academic use) 

Website – https://www.eyesopen.com/oedocking  

80 

29. LightDock Algorithm – Glowworm Swar Optimization (GSO) Algorithm 

Scoring Term – Gradient-Free Minimization 

81 
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Advantages – Optimizes the generated docking poses towards those energetically more 
favourable at every stimulation step 

Organization – Barcelona Supercomputing Center 

Year of Published – 2018 

Availability – Free 

Website – https://github.com/brianjimenez/lightdock  

30. MedusaDock Algorithm – on-the-fly algorithm 

Scoring Term – Force-Field-Based Scoring Function 

Advantages – Rapid flexible docking using a stochastic  rotamer library of ligands  

Organization – Dokholyan Laboratory 

Year of Published – 2019 

Availability – Free 

Website – https://dokhlab.med.psu.edu/medusadock/#/NewTask  

82 

31. MOE (Molecular 
Operating 
Environment) 

Algorithm – Stochastic Search 

Scoring Term – Hybrid 

Advantages – An integrated computer-aided molecular design platform 

Organization – Chemical Computing Group 

Year of Published – 2008 

Availability – Commercial 

Website – https://www.chemcomp.com/Products.htm  

83 

32. ParaDockS (parallel 
docking suite) 

Algorithm – Particle – Swarm Optimizer (PSO) 

Scoring Term – Empirical energy function p-Score 

Advantages – Molecular docking with population-based metaheuristics 

Organization – Martin Luther University of Halle-Wittenberg and Partner Institute for 
Computational Biology 

Year of Published – 2010 

Accuracy of Docking – 73 % 

Availability – Commercial 

Website – https://doi.org/10.1021/ci900467x  

84 

33. ParDock Algorithm – Monte Carlo Algorithm 

Scoring Term – All atom energy based scoring function 

Advantages – Rigid protein ligand docking, implemented in a fully automated, parallel 
processing mode which Predicts the binding mode of the ligand in receptor target site 

Organization – Indian Institute of Technology 

Year of Published – 2007 

Availability – Free 

Website – http://www.scfbio-iitd.res.in/pardock/  

85 

34. PSI-DOCK (Pose-
Sensitive Inclined) 

Algorithm – Genetic Algorithm 

Scoring Term – Shape-Complementary scoring function  

Advantages – used for flexible ligand docking 

Organization – Peking University 

Year of Published – 2006 

Accuracy of Docking – 77% 

Availability – Free (for academic) 

Website – https://doi.org/10.1002/prot.20790  

86 

35. QXP Algorithm – Monte Carlo Algorithm 

Scoring Term – Energy Minimization in Cartesian space 

Advantages – Reliable, Easy to use and Sufficiently Rapid for routine application in 
structure-based drug design 

Organization – Novartis Pharmaceuticals Corporation 

Year of Published – 1997 

Docking Speed – Fast 

Availability – Commercial 

Website – https://doi.org/10.1023/A:1007907728892  

87 

36. rDock Algorithm – Genetic Algorithm (GA1,GA2,GA3), Monte Carlo (MC) and Simplex 
minimization (MIN) 

Scoring Term – Molecular Force Field.(Stotal) is a weighted sum of intermolecular (Sinter), 
ligand intramolecular(Sintra), site intramolecular(Ssite) and external restraint terms(Srestraint) 

Advantages – A docking tool for small molecules against proteins and nucleic acids  

88 
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Organization Venalis R&D University of York University of Barcelona 

Year of Published 1988 2006 2012 

Availability Commercial Academic Open source 

Docking Speed – Medium 

Accuracy of Docking – 99% (generation of correct pose) 

Website – http://rdock.sourceforge.net/  

37. SEED (Solvation 
Energy for Exhaustive 
Docking)  

Algorithm – Monte Carlo Stimulated Annealing 

Scoring Term – Force-field based evaluation 

Advantages – Automated docking of fragments with evaluation of free energy of binding 
including electrostatic solvation effects in the continuum dielectric approximation 

Organization – University of Zurich 

Year of Published – 1999 

Availability – Open Source 

Website – http://www.biochem-caflisch.uzh.ch/download  

89 

38. SwissDock Algorithm – Evolutionary Optimization 

Scoring Term – CHARMM (Chemistry at Harvard Macromolecular Mechanics)   

Advantages – Predict interaction between a protein ana a small molecule ligand 

Organization – Swiss Institute of Bioinformatics 

Year of Published – 2011 

Availability – Free (for academic use) 

Website – http://www.swissdock.ch/docking  

90 

39. VirtualFlow Algorithm – Artificial Intelligence Driven Docking Algorithm 

Advantages – VFLP (VirtualFlow for ligand preparation) is dedicated for the curation of 
libearies containing large numbers of small molecules. 

VFVS (VirtualFlow for Virtual Screening) is dedicated to carrying out the actual virtual 
screening procedures 

Organization – Harvard University 

Year of Published – 2020 

Availability – Open Source 

Website – http://www.vls3d.com/10-links/bioinformatics/10-virtual-screening-docking  

91 

40. ZDOCK Algorithm – Geometric complementarity and molecular dynamics 

Scoring Term – Molecular force field 

Advantages – Propose a new scoring function which combines pairwise shape 
complementarity (PSC) with desolvation and electrostatic and develop the ZDOCK server 

Organization – University of Massachusetts Medical School 

Availability – Commercial 

Website – https://zdock.umassmed.edu/software/  

92 

41. Molegro Virtual 
Docker 

Algorithm – Differential Evoluation (Alternatively Simplex Evolution and Iterated Simplex) 

Scoring Term – Semiempirical Scoring Function 

Advantages – Handles all aspects of the docking process from preparation of the 
molecules to determination of the potential binding sites of the target protein and 
prediction of the binding modes of the ligands 

Organization – Molexus 

Year of Published – 87% 

Availability – Commercial 

Website – http://molexus.io/molegro-virtual-docker/  

93 

42. Smina Algorithm – Monte Carlo stochastic sampling + local optimisation 

Scoring Term – Empirical (customisable) Scoring Function 

Advantages – After docking, results will be analyzed for the deviation from the crystal 
structure 

Organization – Sourceforge 

Availability – Free 

Website – https://pypi.org/project/docking-py/  

94 
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43. PLANTS (Protein-
ligand ANT system) 

Algorithm – Ant Colony Optimisation 

Scoring Term – Empirical Scoring Function 

Advantages – Generate Lower-energy conformations with a higher probability. 

Organization – Konstanz University 

Accuracy of Docking – 80% 

Availability – Commercial 

Website – https://doi.org/10.1021/ci800298z  

95 

44. Dock6 Algorithm – Anchor-and-grow incremental construction 

Scoring Term – Physical-based (several other options) 

Advantages – Additional Scoring Options During Minimization 

Organization – University of California San Francisco 

Accuracy of Docking – 56% 

Availability – Free (for academic use) 

Website – https://dock.compbio.ucsf.edu/DOCK_6/index.htm  

96 

45. GAsDock Algorithm – Entropy-based multi-population genetic algorithm 

Scoring Term – Physics-based 

Advantages – A rapid,accurate,and flexible docking program 

Organization – DNV 

Docking Speed – Fast 

Availability – Free (for academic use) 

97 

46. DockThor Algorithm – Steady-State Genetic Algorithm (with Dynamic Modified Restricted 
Tournament Selection method) 

Scoring Term – Physical-based + Empirical 

Advantages – Performs pose prediction on redocking studies 

Organization – GMMSB (Grupo de Modelagem Molecular de Sistemas Biologicos) 

Accuracy of Docking – 60% 

Availability – Free  

Website – https://dockthor.lncc.br/v2/  

98 

47. DAIM-SEED-FFLD 
(Decomposition and 
identification of 
molecules)-(Solvation 
Energy for Exhaustive 
Docking)-(Fragment-
based Flexible Ligand 
Docking) 

About – Free open-source fragment-based docking suite. The docking is realized in three 
steps. DAIM decomposes the molecules into molecular fragments that are docked using 
SEED (program for docking libraries of fragments with solvation energy evaluation). 
Finally, the molecules are reconstructed ‘In situ’ from the docked fragments using the 
FFLD program. 

Organization – Computational Structural Biology of ETH, Zurich, Switzerland 

Availability – Free 

Website – http://www.biochem-caflisch.uzh.ch/movies/0003  

99 

48. FlipDock Algorithm – Genetic Algorithm, Coarse-grained molecular dynamics 

Scoring Term – Empirical, Knowledge based, Force Field based 

Advantages – It Predicts the binding mode between a flexible ligand and a flexible protein 

Organization – Developed by the Department of Molecular Biology at the Scripps 
Research Institute, La Jolla 

Published Year – 2005 

Docking Speed – Fast 

Accuracy of Docking – 72% 

Availability – Free (for academic use) 

Website – http://flipdock.scripps.edu/  

100 

49. HYBRID Algorithm – Exhaustive search algorithm 

Scoring Term – Chemical Gaussian Overlay (CGO)  

Advantages – Significantly improves the performance in both binding affinity and binding 
mode predictions, compared to the sole mdock program  

Organization – OpenEye scientific software 

Docking Speed – Very Fast Ligand guided docking  

Availability – Commercial 

Website – https://doi.org/10.1021/acs.jcim.5b00275  

101 

50. POSIT About – Ligand-guided pose prediction. POSIT uses bound ligand information to improve 
pose prediction. Using a combination of several approaches, including structure 
generation, shape alignment and flexible fitting, it produces a predicted pose whose 
accuracy depends on similarity measures to known ligand poses. As such, it produces a 
reliability estimate for each prediction pose. In addition, it provided with a selection of 

102 
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receptors from a crystallographic series, POSIT will automatically determine which 
receptor is best suited for pose prediction.  

Organization – OpenEye scientific software 

Docking Speed – Fast knowledge guided pose prediction 

Availability – Free 

Website – 
https://docs.eyesopen.com/applications/oedocking/posit/posit_overview.html  

51. Rosetta Ligand 
(ROSIE) 

Algorithm – Monte Carlo Minimization 

Scoring Term – Electrostatics model, an explicit orientation-dependent hydrogen bonding 
potential, an implicit solvation model and van der waals interactions 

Advantages – Provides the 3D structure prediction and high-resolution design of natural 
and non-natural polymers 

Organization – Developed by Sergey Lyskov at GrayLab at JHU. Rosetta Commons 
Member Institutions. 

Published Year – 2006 

Accuracy of Docking – 64% 

Availability – Free (for academic and non-profit users) 

Website – https://rosie.rosettacommons.org/  

103 

52. CDocker Algorithm – Molecular dynamics (MD) Stimulated Annealing-based Algorithm 

Scoring Term – CHARMM (Chemistry at Harvard Macromolecular Mechanics)  

Advantages – Produce highly accurate docking results 

Organization – CD ComputaBio 

Accuracy of Docking – 66-76% 

Availability – Free 

Website – https://doi.org/10.1002/jcc.10306  

104 

53. YASARA Structure About – Adds support for small-molecule docking to YASARA View/Model/Dynamics 
using AutoDock and Fleksy 

Advantages – a molecular-graphics-modeling and simulation program 

Organization – YASARA 

Availability – Free 

Website – http://www.yasara.org/products.htm  

105 

54. FINDSITE-LHM 
(Ligand Homology 
Modeling) 

Algorithm – Evolutionary related templates 

Scoring Term – Similarity based ligand binding pose prediction  

Advantages – Homology modeling approach to flexible ligand docking 

Organization – Skolnick Research Group 

Availability – Free (for academic and non-profit users) 

Website - http://www.mybiosoftware.com/findsite-lhm-1-0-homology-modeling-
approach-flexible-ligand-docking.html   

106 

55. BetaDock Algorithm – Genetic Algorithm 

Advantages – A molecular docking simulation software based on the theory of Beta-
complex 

Organization – Voronoi Diagram Research Center 

Published Year - 2011 

Availability – Free 

Website – http://voronoi.hanyang.ac.kr/software.htm  

107 

56. ADAM Algorithm – Systematic Search 

Advantages – Predict the stable binding mode of flexible ligand molecule to target 
molecule 

Organization – IMMD Inc 

Docking Speed – Fast 

Availability – Commercial 

Website – http://adam.vbi.vt.edu  

108 

57. DockVision Algorithm – Monte Carlo Algorithm, Genetic Algorithm, Database Screening docking 
Algorithm 

Advantages – Increases capability to generate laudable results 

Organization – DockVision 

Published Year – 1999 

Availability – Free 

Website – http://dockvision.sness.net/overview/overview.html  

109 
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58. FLOG Algorithm – Systemic Search 

Scoring Term – van der waals, electrostatics, hydrogen bonding and hydrophobic 
interactions 

Advantages – Rigid body docking program using database of pre-generated 
conformations 

Organization – Developed by the Mark Research Laboratories 

Published Year – 1994 

Availability – Commercial 

Website – https://doi.org/10.1007/BF00119865  

110 

59. GriDock About – GriDock Designed to perform the molecular docking of a large number ligands 
stored in a single database (SDF or Zip format) in a lowest possible time. It takes full 
advantage of all local and remote CPUs through the MPICH2 technology, balancing the 
computational load between processors/grid nodes.  

Organization – Drug design Laboratory,University of Milano 

Availability – Free 

Website – https://www.ddl.unimi.it/cms/index.php?Software_projects:GriDock  

111 

60. BDT About – Graphic front-end application which controls the conditions of AutoGrid and 
AutoDock runs, 

Advantages – Using receptor flexibility during docking using a large library of ligands onto 
one or more receptors without defining one a priori ligand-binding site on them 

Organization – Maintained by the Universitat Rovira I Virgili 

Availability -Free 

Website – http://www.quimica.urv.cat/~pujadas/BDT/  

112 

61. DockoMatic About – GUI application that is intended to ease and automate the creation and 
management of AutoDock jobs for high-throughput screening of ligand/receptor 
interactions 

Organization – SOURCEFORGE 

Availability – Free 

Website – https://doi.org/10.1186/1756-0500-3-289  

113 

62. Hammerhead Algorithm – Systemic Search 

Scoring Term – Empirical Scoring Function 

Advantages – Fast, fully automated docking of flexible ligands to protein binding sites  

Availability – Commercial 

114 

63. EUDOC About – Program for the identification of drug interaction sites in macromolecules and 
drug leads from chemical databases 

Availability – Commercial 

Website – https://doi.org/10.1002/jcc.1129  

115 

64. hint! (hydropathic 
interactions) 

About – Estimate LogP for modeled molecules or data files; numerically and graphically 
evaluates binding of drugs or inhibitors into protein structures and scores DOCK 
orientations, constructs hydropathic (LOCK and KEY) complementarity maps that can be 
used to predict a substrate from a known receptor or protein structure or to propose the 
hydropathic structure from known agonists or antagonists and evaluates/predicts the 
effects of site-directed mutagenesis on protein structure and stability.  

Advantages – An empirical molecular modelling system with new methods for de novo 
drug design and protein or nucleic acid structural analysis 

Availability – Commercial 

Website – https://doi.org/10.1007/BF00135313  

116 

65. MS-Dock About – Free multiple-conformation generator and rigid docking protocol for multi-step 
virtual ligand screening 

Advantages – All multiple conformations are rigidly docked 

Availability – Commercial 

Website – https://doi.org/10.1186/1471-2105-9-184  

23 

66. eHiTS 

 

Algorithm – Systemic search 

Scoring Term – Empirical And Statistical approaches 

Organization – Developed by SimBioSys Inc.Canada 

Advantages – Easy to use, fully automated program including automatic pocket detection 
on the protein surface, automatic assignment of partial charges to atoms and more 

Availability – Free (for academic use) 

117 

67. Lead Finder About – Program for molecular docking, virtual screening and quantitative evaluation of 
ligand binding and biological activity. Distributed by Moltech. For Windows and linux. 
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Table 3: Sources of crystallographic structure of proteins 

S. 

No 

Source     Website Link 

   1.  wwPDB: worldwide 
Protein Data Bank 

https://www.wwpdb.org/  

 wwPDB has four 
members: 

1. Research 
Collaboratory for 
Structural 
Bioinformatics 
Protein Database 
(RSCB) 

 

 

www.rcsb.org  

2. Protein Data Bank 
in Europe (PDBe) 

http://www.pdbe.org  

3. Protein Data Bank 
Japan (PDBj) 

http://www.pdbj.org  

4. Biological 
Magnetic 
Resonance Data 
Bank (BMRB) 

http://www.bmrb.wisc.edu  

   2. BINDINGDB https://www.bindingdb.org/  

   3. BindingMOAD-
Mother of All 
Databases 

https://bindingmoad.org/  

   4. PDBbind http://www.pdbbind-cn.org/  

   5. ModBase: Database 
of Comparative 
Protein Structure 
Models 

https://modbase.compbio.ucsf.
edu/  

   6. PDB-REDO 
databank 

https://pdb-redo.eu/  

   7. EBI: The European 
Bioinformatics 
Institute 

https://www.ebi.ac.uk/services
/structures  

                              

Table 4: List of Available Ligand Databases 

S. 

No 

Database  Website Link 

  1.   Zinc https://zinc.docking.org/  

  2.   Enamine  https://enamine.net/11-databases  

  3.  NCI Open 
Database 

https://cactus.nci.nih.gov/download/
nci/   

  4.  ChEMBL https://www.ebi.ac.uk/chembl/  

  5.  DrugBank https://www.drugbank.com/  

  6.  ASINEX http://www.asinex.com/  

  7. Cambridge 
Structural 
Database 
(CSD) 

https://www.ccdc.cam.ac.uk/solution
s/csd-system/components/csd/  

  8.  PubChem https://pubchem.ncbi.nlm.nih.gov/  

  9.  SPECS 
Database 

https://www.specs.net/  

10.  AYBRIDGE 
Database 

https://maybridge.com/  

11. Life chemicals 
Database 

https://lifechemicals.com/  

12.  HEMBRIDGE 
Database 

https://www.chembridge.com/  

SUMMARY AND CONCLUSION 

Molecular docking has been established as a pivotal 
technique among the computational tools for structure-
based drug discovery. Successful molecular docking 
protocols require a solid knowledge of the fundamentals of 
the applied methods. Here we addressed key aspects of the 
methodology and discussed recent trends in the literature 
for advancing and employing the technique for successful 
drug design. The principles and methods discussed in this 
review highlight the strategies by which molecular docking 
and SBDD approaches have been applied in the 
identification of novel bioactive compounds. The scoring 
function is one of the most important components in 
structure-based drug design. We review the scoring 
functions used for protein-ligand interactions of molecular 
docking by classifying them into physics-based, empirical, 
knowledge-based, machine-learning-based scoring 
function. Understanding these principles is essential in the 
production of meaningful results. The docking 
methodologies were developing day after day gets more 
better result for drug designing.  A number of protein-
ligand docking programs currently available is high and has 
been steadily increasing over the last decades. Despite 
considerable success, accurate and rapid prediction of 
protein-ligand interactions is still a challenge in molecular 
docking, so that many companies producing newer 
software to overcome the challenges observed in old one. 
Molecular docking could be more powerful approach to 
increase innovation in the pharmaceutical industry and to 
discovery novel threapies for unmet medical needs.     
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