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A Short Review on the Application of Combining Molecular Docking and 

Molecular Dynamics Simulations in Field of Drug Discovery
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Abstract

Computer-aided drug design uses computational chemistry to discover, enhance, or study drugs and related biologically

active molecules. It is now proved to be effective in reducing costs and speeding up drug discovery. In this short review,

we discussed on the importance of combining molecular docking and molecular dynamics simulation methodologies. We

also reviewed the importance of protein flexibility, refinement of docked complexes using molecular dynamics and the

use of free energy calculations for the calculation of accurate binding energies has been reviewed.
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1. Introduction

The development of new drugs is difficult and it is

one of the most challenging tasks of modern day’s sci-

ence. The combined efforts of the pharmaceutical indus-

try, biotech companies, regulatory authorities, academic

researchers, and other private and public sectors led to

the development of new and more effective drugs and

also contributed to the advance of science. The

approaches and methodologies used in drug design have

changed over time. Today, the field of drug develop-

ment looks highly productive with the finding of new

targets, the usage of rational combinatorial chemistry

for the production of libraries of compounds, the gen-

eration of genetically modified animal models for the

development and testing of new drugs, and the possi-

bility of using ultra-high-throughput test techniques for

the screening of large libraries. However, despite all

these advances, the revolutionary era of drug design has

not arrived yet[1-3]. There is no unique solution to a drug

design problem. The appropriate experimental tech-

niques or computational methods to use will depend on

the characteristics of the system itself and the informa-

tion available.

Structure-based drug design (SBDD) has become an

established pattern in modern drug discovery to search

for novel drug-like molecules able to bind to biomole-

cules of important pharmaceutical interest[4]. Because it

is highly expensive and highly time consuming to pre-

pare and assay large numbers of small molecules, there

is strong interest in computational methods that can

accurately predict small molecule binding affinities and

hence reduce the time and resources. The low costs and

speed at which docking studies can be conducted make

the procedure valuable to prioritize compounds to assay

in a drug discovery program, or to assist the design of

improved ligands. Various computational chemistry

techniques are often used to assist the structure based

drug design process[5].

However, there is no unique solution to a drug design

problem. The appropriate experimental techniques or

computational methods to use will depend on the char-

acteristics of the system itself and the information avail-

able. A variety of computational approaches can be

applied at different stages of the drug-design process

from lead identification to lead-optimization. The main

focus is on decreasing experimental costs and reducing

times and it was tried many a times and only few suc-

cessful applications have been reported[6-8]. The lack of

success has led to opt for experimental solutions and

other researchers focused their attention on the improve-

ment of computational protocols such as incorporation

of protein flexibility in the docking process, extensive
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exploration of the ligand conformation within the bind-

ing site, refinement and stability evaluation of the final

complexes, and estimation of the binding free energies.

This prompted us to write a short review on the

improvement of computational protocols.

We are actively reporting short reviews covering dif-

ferent in silico applications such as Pseudoreceptors,

Molecular Mechanics/Poisson-Boltzmann Surface Area

(MM-PBSA) method in Drug Discovery, development

of search algorithm in docking and importance of partial

charges[9-13]. In this review, we report on the importance

of protein flexibility, refinement of docked complexes

using molecular dynamics and the use of free energy

calculations for the calculation of accurate binding ener-

gies.

2. Molecular Docking and Molecular 
Dynamics Simulation

Docking is a method which predicts the preferred ori-

entation of one molecule (ligand or receptor) to a sec-

ond (ligand or receptor) when bound to each other to

form a stable complex[14]. The process of binding a

small molecule to its protein target is not simple and

several factors need to be considered. DOCK, Auto-

Dock, FlexX, GOLD, and GLIDE are some of the pop-

ular docking software’s. Similarly, Molecular dynamics

simulations are one of the widely used computational

techniques for studying the behavior of biological mac-

romolecules[15]. They are really helpful in understanding

the dynamic behavior of protein and small molecules.

Amber, CHARMM, GROMOS and NAMD are some

of the programs for MD simulations. Both the above

techniques can be combined to predict more reliable

enzyme complexes. Both these techniques have their

advantages and disadvantages. Therefore, combination

of both these techniques is helpful in improving the

drug design process.

3. Importance of Protein Flexibility 
in Docking

It has been widely accepted that the lock and key

interaction of a receptor and its ligand is not an accurate

description of most biological complexes. The ligand-

protein interactions consider both of them are flexible

and complement each other. Receptor conformation is

important for protein flexibility and many studies have

highlighted the importance of conformation of receptor

for docking studies[16]. The three dimensional (3-D)

structure of both ligand and protein are necessary for the

application of docking techniques. Some of the proteins

do not have an experimentally determined structure and

in those cases a 3D structure can be predicted. It is of

great importance to carefully prepare the structure of the

receptor before docking. It is always desirable to treat

the receptor as flexible molecule to avoid bias and to

allow the conformational changes during docking. Dif-

ferent approximate methods are used to consider recep-

tor flexibility.

The main advantage of considering receptor flexibil-

ity is it will reduce the risks associated with inadequate

conformation of the protein target during the docking

process[17]. Recent advances in docking algorithms have

allowed incorporation of ligand flexibility and, to less

extent, protein mobility, during the docking procedure.

Most modern algorithms account for ligand flexibility

using different methods such systematic methods, sto-

chastic methods and deterministic search[18]. The size

and complexity of proteins makes it difficult to fully

account for their mobility during a docking process and,

therefore, its treatment is usually restricted to selected

residues. Different approaches such as soft docking,

side chain flexibility, combined protein grid, united

description of the receptor are used in docking studies

to incorporate protein flexibility.

MD simulations could possibly be a useful tool for

receptor flexibility. Protein structures won’t exist in sin-

gle conformation and it forms different conformations

at different energy states[19]. Different conformations

won’t be equally able to bind productively with a given

ligand. Some conformations will accommodate the lig-

and molecule within the binding site, while others will

be less likely because of loops that block the access to

the binding site[20]. A group of receptor conformations

is expected to provide a better representation of the sys-

tem. Docking of small molecule against many confor-

mations of receptor structures increases the chances of

finding a receptor in the right conformational state to

accommodate a particular ligand. Though, it also

reduces the selectivity of the docking process, as a

wider variety of ligands will be able to fit in this more

relaxed representation of the protein. It is important,

therefore, to use accurate scoring functions during the
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final screening process to maximize selection of the

most active ligands. We conclude that the application of

MD before the docking process offers a suitable

approach to explore the conformational space of the

protein receptor.

4. Refinement of Docked Complexes

A two-step protocol has been considered as the suit-

able approach to address the docking problem. At first

scoring functions are used to virtual screen large

number of small molecules against a receptor and

reduce their size. It is then followed by the application

of MD simulation methods to refine the protein ligand

complexes and predict their energy of binding[21,22]. MD

simulations consider the flexibility of both ligand and

the receptor structures and proved to be a useful tech-

nique for structural refinement of docked complexes.

The evolution of the complexes over the simulation

time course is an indication of their stability and relia-

bility. Incorrect docked complexes are likely to produce

unstable trajectories, leading to the disruption of the

complex; while realistic complexes will show stable

behavior. In addition, MD simulations also consider

explicit solvent molecules and their interactions in the

simulations. Several studies have been reported by

using MD simulation for refinement of docked com-

plexes[23, 24].

5. Free Energy Calculations

After successful refinement of docked complexes, it

is necessary to estimate the absolute binding free

energy. It can be achieved by the application of different

MD-based calculations on the final complexes. Ther-

modynamic integration (TI) and free energy perturba-

tion (FEP) are among the most rigorous methods

currently available for the calculation of free energies.

Though they are accurate in estimating free energies,

they are computationally expensive. Recently devel-

oped approaches that provide relatively good energy

values at a moderate cost include MD-based methods

such as the linear interaction energy (LIE) method and

the so-called MM-PBSA method. Several studies have

been reported for the calculation of free ener-

gies[25,26,27].

5. Conclusion

In this short review, the combination of molecular

dynamics and molecular docking methodologies was

reviewed. The application of different strategies such as

importance of protein flexibility, refinement of docked

complexes using molecular dynamics and the applica-

tion of free energy calculations to calculate binding

energies was reviewed. Considering these strategies

could be helpful in the process of drug discovery.
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