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Abstract—Chemical biology and computational drug 

design methods are used in drug development to 

effectively identify and improve lead molecules. The 

main applications of chemical biology are to clarify the 

biological function of a target and the mode of action of 

a chemical modulator. In contrast, computer-aided 

drug design uses structural information about the 

target (structure-based) or information about existing 

ligands with bioactivity (ligand-based) to make it easier 

to identify prospective candidate medications.[1] 

Pharmaceutical corporations and academic research 

teams are now using a variety of virtual screening 

techniques to shorten the time and expense involved in 

finding a potent medicine.[2,3,8 & 9]  

The laborious process of finding new drugs can be 

expedited with the use of computer-aided drug 

discovery (CADD) systems, potentially lowering the cost 

of R&D. Computational approaches can now be used 

successfully at different stages of the drug discovery and 

development pipeline because to advances in biological 

structural knowledge and computer capacity.[4,5,6,7] 

Here, we provide an overview of computational 

approaches employed in many aspects of drug 

development and highlight a few cutting-edge 

methodologies and tools.[11, 12] 

 
Index Terms—CADD, LBDD, SBDD, Drug discovery, 

Drug development, Docking.  

 

1. INTRODUCTION 

 
1.1. Computer Aided Drug Design (CADD)  

The process of locating, creating, and analyzing 

drugs and related biological active substances using 

computer techniques is known as computer-aided 

drug design (CADD).[2,12] 

 

The application of CADD techniques facilitates and 

expedites drug discovery while accelerating the early 

stages of chemical development. [14, 16]  

 

Structure-based drug design and ligand-based drug 

design approaches are known as very effective and 

potent strategies in drug discovery and development. 
[19, 20] Various CADD approaches are rated as 

promising methodologies based on their necessity. 

Both of these approaches can be used in conjunction 

with molecular docking for virtual lead optimization 

and identification. [21-25] 

 

In order to increase the efficiency and effectiveness 

of drug discovery and development, computational 

techniques have become increasingly popular in the 

pharmaceutical industry and in research sectors 

pipeline. [27-30] 

 

1.2. Steps Involved in Computer Aided Drug Design 

(CADD) 

 

Step 1: Target Identification:  

There is a designated therapeutic target for which a 

medication must be created. It is possible to utilize a 

structure-based approach or a ligand-based approach, 

depending on the availability of structure 

information. Multiple lead compounds will be able to 

be identified by a successful CADD campaign. [26, 28] 
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Figure No.1:  Steps Involved in Computer Aided Drug Design (CADD) 

 

1.1 Bioinformatics:  

Techniques in bioinformatics are also used to 

determine whether a target is "drugable." It is 

conceivable to lower the probability of project failure 

later in the discovery process by performing such 

assessments in the early stages of drug research. [31] 

1.2 Reverse Docking:  

Drug repositioning and drug rescue are becoming 

more and more effective with the use of reverse or 

inverse docking. It entails docking a small-molecule 

drug or ligand into a variety of clinically significant 

macromolecular targets' potential binding cavities. [32-

35] 

1.3 Protein Structure Prediction: 

Various biological processes depend heavily on 

proteins, which are significant molecules. 

Sequence and structural homology serve as the main 

foundation for the prediction of protein structure. [36] 

Since a protein's activity primarily depends on its 

three-dimensional structure, protein structure 

prediction or modeling is crucial. Similar to this, a 

protein's amino acid makeup determines its 3D 

structure. [37, 38] A slight change in the protein's 

sequence can result in significant structural changes 

in the protein's native structure. Although it is critical 

to have a thorough understanding of protein 3D 

structure, it can be challenging to determine a 

protein's native structure when it exists in the 

physiological environment of the body. [39] 

 

II. TARGET VALIDATION 

 

Target validation is a complex stage of drug research 

that is essential to a medicine's success. 

To make sure that the medicine is actively interacting 

with the target to have the desired therapeutic effect 

validated targets, biomarkers, and assessment 

methods are required. [40] 

2.1 Target Drug Ability: 

The analysis of ligands known to interact with a 

target of interest is a component of the ligand-based 

computer-aided drug discovery (LB-CADD) method. 

[40]  

2.2 Tool Compound Design   

 

III. LEAD DISCOVERY 

 

A thorough search is conducted during lead discovery 

to identify a biological or small molecule therapeutics 

that is similar to a drug and will advance into 

preclinical and, if successful, clinical development 

(Figure 2) and eventually become a marketed drug. 

These candidates are referred to as development 

candidates. [34,35]  

3.1 Library Design: 

The term "compound library" refers to a collection of 

substances that can be used in high-throughput 

screening and other drug development procedures. 

At various stages of drug discovery, the careful 

design of molecular libraries can speed up SAR 
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exploration and reveal "breakthrough" lead 

structures. [35] 

3.2 Docking Score: 

Molecules' conformation and orientation—

collectively referred to as their "pose"—when they 

enter the binding site of a macromolecular target are 

examined using a technique called molecular 

docking. Poses that might be taken are generated by 

search algorithms, and scoring functions rank them. 

Over the past few decades, a variety of software has 

been created, including some well-known examples 

like AutoDock, AutoDock Vina, DockThor, GOLD 
[6, 7], FlexX [8], and Molegro Virtual Docker. [32, 33, 34] 

3.3 De novo design:  

De novo drug design (DNDD) is the process of 

creating novel chemical entities using computational 

growth algorithms to conform to a set of constraints. 

De novo, which means "from the beginning," implies 

that this technique can be used to create novel 

molecular entities without the use of a starting 

template. [39]  

3.4 Pharmacophore:  

The collection of steric and electronic properties 

known as a pharmacophore is required to ensure the 

best supramolecular interactions with a particular 

biological target structure and to activate (or inhibit) 

its biological response. [48] 

3.5 Drug Flexibility: 

Flexibility affects oral bioavailability and is 

frequently measured by NRot in the early stages of 

drug discovery. The appeal of large, flexible 

molecules that are not Ro5 compliant as drug 

candidates is growing. [40] 

 

IV. LEAD OPTIMIZATION 

 

Following the identification of a primary lead 

compound, a drug candidate is created via the lead 

optimization procedure. 

In order to get the required pharmacological profile, 

such as affinity, safety, pharmacokinetics, and 

ADME, lead optimization often necessitates the 

synthesis of hundreds of compounds over the course 

of several years (absorption, distribution, 

metabolism, elimination, toxicology). [39,40]  

4.1 QSAR: 

A ligand-based drug design technique called 

quantitative structure-activity relationship (QSAR) 

analysis was created more than 50 years ago by 

Hansch and Fujita (1964). [38] 

Since that time and up to the present, QSAR has 

remained an effective technique for creating 

mathematical models. It uses regression and 

classification techniques, respectively, to find a 

statistically significant correlation between the 

chemical structure and a continuous (pIC50, pEC50, 

Ki, etc.) or categorical/binary (active, inactive, toxic, 

nontoxic, etc.) biological or toxicological property. 
[30] 

The dimensionality of molecular descriptors (from 

1D to nD) and various techniques for determining a 

correlation between chemical structures and 

biological property have all changed significantly 

during the past few decades.  

4.2 3D QSAR: 

The test set ligands' binding affinities were predicted 

using the 3D-QSAR based pharmacophore model, 

which allowed for the early prediction of those 

ligands' pharmacological activity. [21] 

With PharmQSAR, 3D QSAR/QSPR models may be 

generated automatically utilising a library of 

substances with known activities or characteristics as 

well as their molecular fields. An external data 

collection of molecules is used to validate the 

produced model. [18, 19] 

4.3 Structure Based Optimization: 

Compared to the conventional approach, structure-

based drug design is quickly becoming a crucial tool 

for lead discovery that is both quicker and more cost-

effective. 

Numerous novel targets and potential for future drug 

discovery have been made possible by genomic, 

proteomic, and structural investigations. [29] 

 

V. PRECLINICAL TEST 

 

Phases of testing must be conducted on the molecule 

in question during the pre-clinical testing phase of 

developing a substance into medicine. To treat an 

illness, a possible target first needs to be found. 

Multiple compounds are then screened, and those that 

show promise as a treatment for the disease must go 

through toxicity testing beforehand in order to 

minimize the risk of adverse effects. [31-34] 

5.1 In-Sillico ADMET Prediction: 

The precise prediction of the in-vivo 

pharmacokinetics of a potential drug molecule in a 
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human being, while it only exists as a virtual 

structure, is the ultimate goal of the in-silico 

prediction of ADME properties. [35] 

 

5.2 Physiologically based Pharmacokinetic (PBPK) 

Simulation: 

An analytical method for predicting the absorption, 

distribution, metabolism, and excretion (ADME) of 

synthetic or natural chemical compounds in people 

and other animal species is known as physiologically 

based pharmacokinetic (PBPK) modelling. [14] 

PBPK modelling is employed in pharmaceutical 

research and drug development, as well as in the 

evaluation of the health risks associated with 

chemicals or cosmetics.  

 

VI. CLINICAL TRIALS 

 

A type of research called clinical trials examines 

novel diagnostic and therapeutic approaches and 

assesses how they affect patient outcomes.  

Step 1: Discovery and Development 

Step 2: Preclinical Research 

Step 3: Clinical Research 

Step 4: FDA Drug Review 

Step 5: FDA Post-Market Drug Safety Monitoring 

 

Drug Discovery Strategies: 

Phenotypic screening, target-based screening, and 

medication repurposing have been the three main 

sequential approaches utilized in drug discovery. In a 

systems-based assay, phenotypic screening entails 

examining a large number of randomly chosen 

substances. In target-based screening, a chosen 

enzyme or receptor is modified to elicit the desired 

therapeutic response. In general, phenotypic or 

target-based screening requires a minimum of 10 

years to complete the drug discovery cycle from 

concept to market, whereas drug repurposing only 

needs three. [29] 

Structure-based drug discovery (SBDD) and ligand-

based drug discovery (LBDD), which can be used in 

all of the aforementioned drug discovery 

methodologies, are the two basic approaches in 

computer-aided drug discovery (CADD).  

In SBDD, a protein's three-dimensional (3-D) 

structure is examined to find probable binding sites 

and significant interactions that result in the 

corresponding pharmacological activity. Attempts are 

undertaken to find innovative medications with high 

potency and selectivity using this information. [36] 

LBDD focuses on the chemistry of bioactive ligands 

to establish a structure-activity relationship between 

physiochemical qualities and bioactivities as the 

target protein's structure is unknown.  

 

 
Figure No. 2: Drug Discovery Strategies 

 

Structure-based Drug Discovery (SBDD) 

If the target protein structure and the ligand are both 

known, this strategy is applied, in which the ligand 

inhibits the protein's activity by a method of 

competitive binding. It is a combination of 

experimental and computational methodologies 

rather than a single tool or technique. [44] It is the 

recommended CADD methodology since it has the 

best success rate. Ligand-based Drug Discovery 

(LBDD) 

A single compound or a group of compounds that is 

well-known to be effective against a target serve as 

the starting point for ligand-based drug discovery. 

Based on an understanding of structure-activity 

relationships (SAR), the potency and other key 

properties are then improved by creating suitable 

analogs. [32] 
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Figure No. 3: Strategies in Drug Designing 

Table 1:  Computer-aided techniques used in drug design and discovery 

Technique Roles in drug design and discovery 

Docking Determine a compound's approximate binding energy and binding mode to a 

target. 

Structure-based virtual screening Using docking methods choose active chemicals from a chemical library for 

a particular target. 

Pharmacophore modeling Understand and describe the molecular characteristics required for a 

biological macromolecule to recognize a ligand on a molecular level. 

Ligand-based virtual screening Using pharmacophore modelling approaches choose from a chemical library 

the compounds that are active against a certain target. 

Homology modeling Create a 3D structure based on related protein 3D structures for a target for 

which a crystal structure is not yet available. 

Molecular dynamics Molecular mechanics-based simulation to determine a compound's binding 

affinity to a target, examine the flexibility of the drug target for structure-

based drug design, and/or comprehend the dynamic behaviour of proteins or 

other biological macromolecules 

2D quantitative structure–activity 

relationship 

Constructing a model that can be used to predict a property from a 

compound's molecular structure 

3D quantitative structure–activity 

relationship 

A method for statistically predicting how a molecule will interact with a 

target's active site; this method makes use of 3D conformation-derived data. 

Quantum mechanics A first-principles-based electron-orbital technique to optimize ligand and 

protein-ligand complex structures, increase docking precision, and determine 

things like free-binding energy 

Absorption, distribution, 

metabolism, elimination, and 

toxicity prediction 

Prediction of chemical substance toxicity, distribution, metabolism, 

absorption, and elimination in the human body to prevent expensive drug 

development failures at later stages. 
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Table 2: Techniques and their software 

Docking 

 

Autodock4 

It is a computational docking tool built using a quick 

Lamarckian genetic algorithm search technique and an 

empirical free energy force field. 

It is efficient for virtual screening and general-purpose 

docking of ligands to biomolecular targets, and it has 

specialized functions for covalent ligand complex 

prediction, ligands with flexible rings, explicit 

hydration, and metalloprotein target prediction. 

AutoDockVina  A quick gradient-optimization conformational search 

and a straightforward scoring function serve as the 

foundation of our turnkey computational docking tool. 

For docking drug-like ligands to protein targets, it is 

quick and efficient. 

AutoDockFR  It is a computer programme for docking proteins that 

has adaptable targets for side chain motion and 

induced fit. 

AutoDockCrankPep  It is a program for computational docking of peptides 

to protein targets. 

DOCK  Docking molecules  

LIGPLOT  Program for automatically plotting protein-ligand 

interactions 

SPROUT  de novo ligand design 

STALK  A Molecular Docking System  

 

Structure-based virtual screening 

DeepFrag An Open-Source Browser App for Deep-Learning Lead Optimization (online) 

e-Drug3D Offers a facility to explore FDA approved drugs by for instance docking with PLANTS 

(online) 

LINK  -

 DecoyFinder 

A graphical tool which helps finding sets of decoy molecules for a given group of active 

ligands - standalone 

LigBuilder It may automatically create ligand molecules within the binding pocket based on the three-

dimensional structure of the target protein. 

- Solitary, standalone compound searching, ligand-based 

Simtk Simbios, the National NIH Center for Biomedical Computing, which focuses on Physics-

based Simulation of Biological Structures, is the source of the software framework that was 

created there. 

There are numerous techniques for chemical docking, including ROCS-style tools, ADME 

Tox, Cytochrome P450 site of metabolism, etc. 

RDock A very fast open source small molecule protein docking programme that was initially 

developed by Vernalis - standalone 

Autogrow Ligand design using fragment-based growing, docking, and evolutionary techniques - 

standalone 

 

Molecular dynamics 

http://autodock.scripps.edu/
http://vina.scripps.edu/
http://ccsb.scripps.edu/adfr
http://ccsb.scripps.edu/adcp
http://www.kurnikov.org/links/molecular_model_software.html
http://www.mcs.anl.gov/home/levine/DOCKING/index.html
https://durrantlab.pitt.edu/deepfrag/
http://chemoinfo.ipmc.cnrs.fr/MOLDB/index.html
http://urvnutrigenomica-ctns.github.io/DecoyFinder
http://mdl.ipc.pku.edu.cn/mdlweb/download.php
https://simtk.org/account/register.php
http://rdock.sourceforge.net/
http://autogrow.ucsd.edu/
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Molecular Modelling Toolkit 

3D-DOCK Suite  

 

Includes – FT Dock which performs rigid-body docking between biomolecules;  

RPS core which uses a pair potentials to screen output from FT Dock; and Multi Dock 

which performs multiple copy side-chain refinement 

 

Absorption, distribution, metabolism, elimination, and toxicity prediction 

PreADMET ADMET  

Prediction 

Predict permeability for Caco-2 cell, MDCK cell, blood-brain barrier, human intestinal 

absorption, skin permeability, and plasma protein permeability predictions binding  

PreADMET Toxicity Prediction predict toxicological properties from chemical structures, such as 

Mutagenicity and carcinogenicity 

Molinspiration Calculation of Molecular Properties and Drug-likeness 

 

2D quantitative structure–activity relationship 

QSAR-Co, CORAL software 

3D quantitative structure–activity relationship 

3D-QSAR, Simplify Drug Design 

Quantum mechanics 

CADPAC, DMol3, Q-Chem 

Homology modeling 

RaptorX, Biskit, ESyPred3D, Molecular Operating Environment, SWISS-MODEL Local similarity/fragment 

assembly 

Ligand-based virtual screening 

LiSiCA, VSFlow 

Pharmacophore modeling 

HipHop, HypoGen, Pharmer, PHASE, GASP, PharmaGist, PharmMapper, MOE, Ligand Scout 

 

VII. CONCLUSION 

 

In the field of drug discovery and development, 

computer-aided drug design is a useful technology 

that allows for the rapid and cost-effective 

identification of the most promising therapeutic 

candidates. 

With the advancements made to date by developing 

number of softwares for various techniques used in 

CADD process, computer-aided drug design has a 

bright future in helping to find many more cures. 
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