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Introduction 

 

Nearly thirty years ago, the first De Novo method was proposed that 

could automatically design molecules that optimally complement a 

protein site based on the three-dimensional structure the receptor [1]. 

These methods have suffered from two main handicaps, 

 

1- Poor synthetic feasibility of the suggested molecules, 

2- Lack of predictive power of the scoring functions.  

 

In practice, the molecules selected by De Novo software are generally 

not the ones that are synthetized. Instead, they are used as inspiration 

by medicinal chemists to carry out their own designs [2].  
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The same can be said for docking methods: they owe a large part of 

their success to user intervention [3]. Under the right conditions, 

structure-based methods can deliver a 1–20% hit rate, which is ten to 

several hundred-fold improvement over random high-throughput 

screening [4]. Similar hit rates have been reported for ligand-based 

methods [5]. The combination of computational tools and expert 

users offers a very powerful solution, but it must be acknowledged 

that the success and ubiquity of virtual screening is due, in large part, 

to the continuous growth of commercial catalogs, which are easily 

accessible through public databases such as ZINC [6]. Obtaining one 

true active out of every 20 molecules tested is perfectly acceptable 

when the compounds are relatively inexpensive and readily available. 

But the bar is much higher when truly virtual compounds are 

explored, because valuable synthetic resources must be invested 

upfront [7].  

 

Molecular Docking 

 

Docking is a computational technique that predicts the 

preferred orientation of one molecule to a second when bound to 

each other to form a stable complex [8]. Knowledge of the preferred 
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orientation in turn may be used to predict the strength of association 

or binding affinity between two molecules using scoring functions. 

In many popular docking methods the ligand is treated as flexible 

but the protein conformation is kept rigid [9]. Docking plays an 

important role in the rational design of drugs [10]. During the 

course of the process, the ligand and the protein adjust their 

conformation to achieve an overall “best-fit” which is referred to as 

“induced-fit” [11]. 

 

Types of Interactions: 

Forces are divided into electrostatic forces, electrodynamics 

forces, steric forces and solvent-related forces. 

 

Docking approaches: 

Two approaches are particularly popular within the molecular 

docking community. Both approaches have significant advantages 

as well as some limitations. 

Shape complementarity: An approach uses a matching 

technique that describes the protein and the ligand as complementary 

surfaces [12]. 
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Simulation: This second approach simulates the actual 

docking process in which the ligand-protein pair wise interaction 

energies are calculated [13]. In this approach, the protein and the 

ligand are separated by some physical distance, and the ligand finds 

its position into the protein’s active site after a certain number of 

“moves” in its conformational space. The success of a docking 

program depends on two components: the search algorithm and the 

scoring function [14]. 

 

Mechanics of Docking 

Search algorithm: 

The search space in theory consists of all possible 

orientations and conformations of the protein paired with the 

ligand. Most docking programs in use account for a flexible 

ligand, and several attempt to model a flexible protein receptor. 

Each "snapshot" of the pair is referred to as a pose. 

Ligand flexibility: 

Conformations of the ligand may be generated in the absence of 

the76 receptor and subsequently docked7 or conformations may 

be generated on-the-fly in the presence of the receptor binding 
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cavity [15]. Force field energy evaluations are  most  often  used  

to  select  energetically  reasonable conformations, but 

knowledge-based methods have also been used [16]. 

Receptor flexibility: 

Multiple static structures experimentally determined for the 

same protein in different conformations are often used to emulate 

receptor flexibility [17]. 

Scoring function: 

The scoring functions are fast approximate mathematical 

methods used to predict the strength of the non-covalent interaction 

(also referred to as binding affinity) between two molecules after 

they have been docked. Most scoring functions are physics-based 

molecular mechanics force fields (Figure) that estimate the energy 

of the pose; a low (negative) energy indicates a stable system and 

thus a likely binding interaction. 
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Figure: An illustration of the categories and evaluations of the 

scoring functions for protein–ligand docking [18]. 

 

Applications: 

A binding interaction between a small molecule ligand and an 

enzyme protein may result in activation or inhibition of the enzyme. 

If the protein is a receptor, ligand binding may result in agonism or 

antagonism. 

 

Hit identification – docking combined with a scoring function 

can be used to quickly screen large databases of potential drugs 
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in silico to identify molecules that are likely to bind to protein target 

of interest. 

Lead optimization – docking can be used to predict in where 

and in which relative orientation a ligand binds to a protein (also 

referred to as the binding mode or pose). 

Bioremediation – Protein ligand docking can also be used to 

predict pollutants that can be degraded by enzymes [19]. 

 

Drug-likeness & bioactivity score 
 

Drug-likeness may be defined as a complex balance of various 

molecular properties and structural features that determine 

whether particular molecule is similar to the known drugs. These 

properties, mainly hydrophobicity, electronic distribution, 

hydrogen bonding characteristics, molecule size and flexibility 

and presence of various pharmacophoric features influence the 

behavior of molecule in a living organism, including 
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bioavailability, transport properties, affinity to proteins, 

reactivity, toxicity, metabolic stability and many others. 

Molinspiration virtual screening toolkit miscreen (version 

2011.06)82 is a screening engine for arbitrary target, provided 

that several active ligands are known. 

Expert system for calculation of druglikeness score towards 

GPCR ligands, ion channel modulators, kinase inhibitors, nuclear 

receptor ligands, protease inhibitors and other enzyme targets 

based on technology tested on- line. 

Drug-likeness Types: 

• G protein-coupled receptors (GPCRs): These proteins 

are active in just about every organ system and present a wide 

range of opportunities as therapeutic targets in cancer, cardiac 

dysfunction, diabetes, central nervous system disorders, obesity, 

inflammation, and pain. 

• Ion channels are key components in a wide variety of 

biological processes that involve rapid changes in cells, such as 

cardiac, skeletal, and smooth muscle contraction, epithelial 

transport of nutrients and ions, T-cell activation and pancreatic 
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beta-cell insulin release. In the search for new drugs, ion channels 

are a frequent target. 

• Protein kinases: Phosphorylation is a necessary step in 

some cancers and inflammatory diseases.  Inhibiting the protein 

kinases, and therefore the phosphorylation, can treat these 

diseases. Therefore, protein kinase inhibitors are used as drugs. 

• Nuclear receptors: Many of these regulated genes are 

associated with various diseases, which explain why the 

molecular targets of approximately 13% of U.S. Food and Drug 

Administration (FDA) approved drugs are nuclear receptors. 

• Protease inhibitors (PIs) are a class of antiviral drugs that 

are widely used to treat HIV/AIDS and hepatitis caused by 

hepatitis C virus. 

• Enzyme inhibitor: blocking an enzyme's activity can kill 

a pathogen or correct a metabolic imbalance, many drugs are 

enzyme inhibitors. They are also used as herbicides and 

pesticides. The most common uses for enzyme inhibitors as drugs 

are anti-epileptic, male erectile dysfunction, antibiotic and anti-

inflammatory drugs [20]. 
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