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INTRODUCTION  

Drugs are essential for the prevention and treatment of 

disease. Thus, ideal drugs are in great demand. But the 

process of Drug design is a tedious, time-consuming and 

cost intensive process. Thus several approaches are 

required which collectively would form the basis of 

Computer Aided or In Silico Drug Designing.
[1] 

 

Computational approaches in drug design, discovery and 

development process gaining very rapid exploration, 

implementation and admiration. Computer aided drug 

design (CADD) method is widely used as a new drug 

design approach. Virtual screening is a computational 

method used in drug design. In this method the large 

libraries of compounds are bind with specific site on the 

target molecules such as- proteins and well-compounds 

tested. Virtual screening is also helping to find or 

identify those structures which are most likely to bind to 

a drug target (protein receptors or enzyme). Virtual 

screening has become an integral part of drug target 

(typically, protein receptor or enzyme) and drug 

discovery process.
[2] 

 

Computer aided drug designing process consists of 3 

stages 

Stage 1: Involves identification of therapeutic target and 

building a heterogeneous small molecule library to be 

tested against it. There is development of virtual 

screening protocol initialized by docking of small 

molecules.  

Stage 2: The selected hits are checked for specificity by 

docking at binding sites of other known drug targets. 
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ABSTRACT  

Computer aided drug design (CADD) method is widely used as a new drug design approach. Virtual screening is a 

computational method used in drug design. In this method the large libraries of compounds are bind with specific 

site on the target molecules such as- proteins and well-compounds tested. CADD is categorised into two types 

structure based drug design and ligand based drug design. The availability of the three-dimensional structure of the 

therapeutic target proteins and exploration of the binding site cavity forms the basis of structure-based drug design 

(SBDD) The basic steps involved in SBDD consist of the preparation of target structure, identification of the 

ligand binding site, compound library preparation, molecular docking and scoring functions, molecular dynamic 

simulation. Corona an epidemic started in december 2019 from wuhan, china, where infected people suffered from 

pneumonia-like symptoms which later spread over more than 200 countries world-wide. The root cause of 

infection was found to be a novel virus that bore structural similarities with Severe Acute Respiratory Syndrome 

related Corona viruses, hence named as SARS-CoV-2. The CADD methods have been successfully used in the 

COVID-19 drug discovery process. Selvaraj solved the three-dimensional structure of SARS-CoV-2 guanine-N7 

methyltransferase (nsp14) using the homology modeling method. Materials and methods are phylogenetic analysis 

of SARS-CoV-2 receptor binding domain (RBD). Sequences of all available SARS-CoV-2 RBD in S were 

retrieved from NCBI. The tertiary structure of SARS-CoV-2 was predicted using I-TASSER (Iterative Threading 

Assembly Refinement) which assesses functionality and structural analysis of proteins. The S of SARS-CoV-2 

attaches the virus to ACE2 using defined RBD on Spike which facilitates this interaction. Virtual screening of 

drug from substantial libraries of compound is a popular method used in computer-aided drug design studies. 

Molecular docking analyses of shortlisted lead compounds were performed using Auto Dock Vina. The steady rise 

in the number of confirmed positive and death cases from SARS-CoV-2 infection, computer-aided drug design 

(CADD) emerges as a fast and reliable technique in pharmaceutical and medicinal research since it not only saves 

time but also helps to cut costs of designing therapeutic agents. 
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Stage 3: The selected hits are subjected to computational 

ADMET profiling studies and those who pass these 

studies are called leads.
[3] 

 

CADD is categorized into two types 

 Structure based drug design 

 Ligand based drug design 

 
Fig 1: Classification of CADD. 

 

 
Fig 2: Molecular Docking. 

 

The basic steps involved in SBDD consist of the 

preparation of target structure, identification of the 

ligand binding site, compound library preparation, 

molecular docking and scoring functions, molecular 

dynamic simulation, and binding free energy 

calculation.
[5] 
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Fig 3: Steps Involved in SBDD. 

 

Preparation of the Target Structure 

Computational technique such as comparative homology 

modeling threading
[10]

 has been quite successful in 

decoding the structures of the proteins from their 

sequences. Homology modeling is a widely used 

computational method for accurately determining the 

three-dimensional structure of a protein from its amino 

acid sequence using a suitable template structure.
[11] 

 

It is a multistep process comprising of the following 

steps:  

(a) Identification of template 

(b) Sequence alignments 

(c) Model building of the target 

(d) Model refinement 

(e) Model validation  

 

Computational technique which is preferably used if the 

target protein does not have any template structures in 

the existing biological databases.
[12]

 It considers a global 

optimization problem to find the dihedral angle values 

for a given protein structure which contribute to the 

structure’s stability (possessing the global or near global 

minimum potential energy).
[13] 

 

 

 

 
Fig 4: Basic Steps Involved In the Structure-Based Drug Design Approach. 
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Identification of the Ligand Binding Site 

The knowledge of the binding sites can be extracted from 

the site-directed mutagenesis study or X-ray 

crystallographic structures of proteins co-crystallized 

with substrates or inhibitors.
[14] 

 

While the experimental information about the binding 

site of many proteins is not available, there are plenty of 

software and web servers which allow us to predict the 

putative binding sites of the target protein. 

 

Molecular Docking 

Molecular docking is a technique of virtual simulation 

which is used to model the interaction between a small 

molecule and a protein at the atomic level. This 

technique is also used to characterize the behavior of the 

small molecules in the binding site of target protein. 

 

Molecular docking is a computational technique to study 

the interaction between a target receptor and ligand at the 

molecular level and allows ranking of the ligands by 

assessing their binding affinity towards the receptor 

using various scoring functions.  

 

The docking process involves two basic steps -prediction 

of the ligand conformation and 2nd is binding of ligand 

within a target active site with accuracy that’ why it 

technique is commonly used in structure-based drug 

design (SBDD). To study the molecular phenomena such 

as ligand binding pose and intermolecular interaction this 

method is applied for stability of a complex.
[19]

 

 

 
Fig 6:  Molecular Docking. 

 

Ligand-Based Drug Design 

Ligand-based drug design is another widely used 

approach used in computer-aided drug design and is 

employed when the three-dimensional structure of the 

target. 

 

 
Fig 7: Ligand Receptor Docking. 

 

The information derived from a set of active compounds 

against a specific target receptor can be used in the 

identification of physicochemical and structural 

properties responsible for the given biological activity 

which is based on the fact that structural similarities 

correspond to similar biological functions.
[20] 

Some of 

the common techniques used in the ligand-based virtual 

screening approach include pharmacophore modeling, 
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quantitative structure-activity relationships (QSARs), 

and artificial intelligence (AI). 

 

Pharmacophore Modeling 

The functional group whose overall structure is 

responsible for the activity of that group is known 

as‘pharmacophore’.  

 

 

 

 

 

 
Fig 8: Pharmacophore Modeling. 

 

A pharmacophore model explains about the spatial 

arrangement of chemical features in ligands that are 

required for interaction with the target receptor. Some of 

the chemical features used in pharmphore modeling 

include hydrogen bond donors, hydrogen bond acceptors, 

and aromatic ring systems, hydrophobic areas, positively 

charged ionizable groups, and negatively charged 

ionizable groups.
[21] 

 

The pharmacophore model is also often used in QSAR 

studies in the molecular alignment stage. The 

pharmacophore model generated should have optimum 

sensitivity and specificity to minimize the chances of 

false negative and false positive results and must be 

validated using an independent external test set. 

 

Artificial Intelligence and Drug Discovery
 

Artificial intelligence (AI) is a type of machine 

intelligence that relies on the ability of computers to 

learn from existing data. AI has been used in various 

computational modeling methods to predict the 

biological activities and toxicities of drug molecules.
[23] 

Its applications in drug discovery such as prediction of 

protein folding, protein-protein interaction, virtual 

screening, QSAR evaluation of ADMET properties, and 

de novo drug design.
[24] 

 

 
Fig 9: Artificial Intelligence. 
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AI methods have been developed to deal with this big 

data of high volume and multidimensional nature to 

efficiently predict drug efficacy and side effects in 

animals or humans. The most promising approach in the 

present big data world is deep learning which was first 

used in the drug discovery process in 2012 QSAR 

machine learning challenge backed by Merck.
[25] 

 

A CASE STUDY OF COVID-19 

An epidemic started in December 2019 from Wuhan, 

China, where infected people suffered from pneumonia-

like symptoms which later spread over more than 200 

countries world-wide. The root cause of infection was 

found to be a novel virus that bore structural similarities 

with Severe Acute Respiratory Syndrome related Corona 

viruses, hence named as SARS-CoV-2.
[28]

 

 

The CADD methods have been successfully used in the 

COVID-19 drug discovery process. Several solved the 

three-dimensional structure of SARS-CoV-2 guanine-N7 

methyltransferase (nsp14) using the homology modeling 

method. 

 

Homology model of the SARSCoV-2 nucleocapsid 

protein and further explored its biological function using 

mass spectrometry analysis and flow cytometry.
[29] 

Beck 

et al. 2020 used a pretrained deep learning-based drug-

target interaction model called molecule transformer 

drug and identified a few Food and Drug Administration 

(FDA) approved antiviral drugs such as atazanavir, 

remdesivir, efavirenz, ritonavir, and dolutegravir 

showing inhibitory potential against SARS-CoV-2 3C-

like proteinase.
[30]

 

 

Elfiky used homology modeling, molecular dynamic 

simulations, and molecular docking approaches to target 

the SARSCoV-2 RdRp enzyme and reported the 

suitability of sofosbuvir, ribavirin, galidesivir, 

remdesivir, favipiravir, cefuroxime, tenofovir and 

hydroxychloroquine as candidate drugs for clinical 

trials.
[31] 

Elmezayen et al. 2020 used a structurebased 

virtual screening method to identify lead molecules 

against main proteases and human TMPRSS2.  

 

Khan et al. 2020 attempted to target chymotrypsin-like 

protease (3CLpro) with small molecules using molecular 

docking and molecular dynamic simulation approach, 

and the study revealed three FDA approved drugs 

(remdesivir, saquinavir, and darunavir) and two natural 

compounds (flavone and coumarin derivatives) as 

promising inhibitors of the target enzyme.
[32] 

 

 
Fig 10: The Structural Proteins of Sars-Cov-2. 

 

MATERIALS AND METHODS 

Phylogenetic analysis of SARS-CoV-2 receptor 

binding domain (RBD) 

Sequences of all available SARS-CoV-2 RBD in S were 

retrieved from NCBI. The detail of these sequences is 

mentioned in Supplementary file 1. These sequences also 

included reference SARS-CoV-2 and sequences of S 

reported from Pakistan.  

 

All these sequences were multiple aligned using 

CLUSTAL W in MegaX to get insight into the diversity 

of RBD region. Moreover, a phylogenetic tree using 

Neighbour Joining method was constructed in MegaX in 

which evolutionary distances were computed using 

Poisson correction method.
[33]

 The tree was labelled and 

visualized using iTOL.
[34]

 

 

Structure prediction 

The tertiary structure of SARS-CoV-2 was predicted 

using I-TASSER (Iterative Threading ASSEmbly 

Refinement) which assesses functionality and structural 

analysis of proteins.
[35]

 The quality check of the 

modelled protein was performed as per the C score. C-
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score ranges from -5 to 2; a greater C-score suggests a 

better-refined model. 

 

Binding pocket 

The S of SARS-CoV-2 attaches the virus to ACE2 using 

defined RBD (LYS356-ASN536) on Spike which 

facilitates this interaction. The Receptor Binding Motif 

(RBM) exhibits a concave like binding groove that binds 

to ACE2 and GRP78. The RBM region interacting with 

ACE2 and GRP78 was found to be between 473-489 

amino acids.
[36]

 These residues from binding pocket were 

used for designing pharmacophore. 

 

Pharmacophore model generation 

Virtual screening of drug from substantial libraries of 

compound is a popular method used in computer-aided 

drug design studies. It is also regarded as a 

computational alternative of laborious experimental 

screening by employing high-throughput screening 

(HTS). 

 

One of the similar approaches is pharmacophore model-

based screening that uses complex structural features of 

proteins for predicting interaction against library of lead 

compounds. In this study, LigandScout 4.3 was used to 

generate structure-based pharmacophore was designed 

based on active site residues of RBM in S and were also 

found to be conserved within SARS-Cov-2.
[37]

 The 

designed pharmacophore model was checked for all 

crucial chemical features. 

 

Virtual screening of database 

Pharmacophore-based virtual screening of compounds 

repository was performed using Cambridge Structural 

Database (615923), ZINC database (133077), DrugBank 

(8706) and TIMBAL database (7207) containing distinct 

small molecules of molecular weight <1.2KDa. These 

molecules have potential to interact an mediate protein –

ligand interactions were screened as lead compounds 

against shared features of pharmacophore.
[38]

 

A single library in LigandScout having ligand from all 

the databases was created and all ligand atoms were set 

free to move in the binding pocket. However, only lead 

interacting compounds were further examined for added 

parameters such as Lipinski's rule of five. The rule states 

that all the drugs shortlisted should have a molecular 

mass of <500 Da, no more than 5 Hydrogen Bond donors 

(HBD), less than 10 Hydrogen Bond Acceptors (HBA), 

and lastly should have octanol-water partition coefficient 

LogP under 5.
[39] 

 

Molecular docking and analysis of interacting residue 

Molecular docking analyses of shortlisted lead 

compounds were performed using AutoDock Vina. The 

RBD region of S was protonated and grid scoring 

function was set to maximum, i.e. 1 Å. The grid box was 

placed at 79.461x, 167.644y, and 165.862z with a size of 

16, 24, and 32. The interaction affinity as a scoring 

function was analyzed by docking lead compounds with 

RBM, sequentially. Docked complexes were visualized 

in UCSF Chimera using ―view dock‖ function
[40]

 and 

interacting residues were analyzed using Discovery 

studio Visualizer (2005). 

 

Strengths and Challenges of CADD in COVID-19 

Research 

With the steady rise in the number of confirmed positive 

and death cases from SARS-CoV-2 infection, computer-

aided drug design (CADD) emerges as a fast and reliable 

technique in pharmaceutical and medicinal research 

since it not only saves time but also helps to cut costs of 

designing therapeutic agents.
[41] 

 

Further, realizing the severity of COVID-19 and the lack 

of approved therapeutic agents warrants the need for 

finding potent drugs in less time, and the CADD method 

makes this possible by facilitating the discovery of new 

drugs or repurposing FDA-approved drugs whose safety 

and adverse effects are already known.
[42]

 

 

 
Figure 11: Solution of COVID-19. 

 

Since the inherent mutability of the SARS-CoV-2 

genome may hinder disease prevention and treatment, 

CADD can be used efficiently to predict the effects of 

mutation on drug binding with the molecular 

receptors.
[43]

 Therefore, CADD can greatly help in 

accelerating the drug discovery and development 

process. 
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However, CADD methods have some limitations such as 

lead molecules derived from the virtual screening 

process that still need validation through preclinical and 

clinical assessments before market approval.
[44]

 The fact 

that the molecular mechanism studies underlying the 

disease pathogenesis of COVID-19 are still underway, 

and the existence of bias and imbalance in the limited 

data available can have a major impact on the prediction 

accuracy of CADD methods such as artificial 

intelligence.
[45]

 

 

Advantages Of CADD 

 Through it can reduce the synthetic and biological 

testing efforts.
[46]

  

 It gives the most promising drug candidate by 

eliminate the compounds with undesirable properties 

(poor efficacy, poor ADMET etc.) through in silico 

filters.
[47] 

 It is a Cost-effective, time saving, Rapid and 

automatic process. 

 Through it can know about the drug-receptor 

interaction pattern. 

 It gives compounds with high hit rates through 

searching huge libraries of compounds in silico in 

comparison to traditional high throughput 

screening.
[48]

 

 

Limitations of CADD 

 Lack of accurate experimental data that restricts 

further advancement of CADD. 

 Some procedures concerning Computer Aided Drug 

Designing are time consuming, speciallywhile 

looking for a proper lead component.
[49]

 

 

Future Prospects of CADD  

 Computer Aided Drug Designing will be beneficial 

for pharmaceutical development, but the extent of 

that role needs to be seen.  

 According to experts, the companies which can 

successfully implement cadd will probably beat 

those in competition which still use old fashioned 

ways.  

 This technique is hoped to be more pocket 

friendly.
[50] 

 

CONCLUSION  

Structure-based and ligand-based drug design form two 

branches of the computer-aided drug discovery process 

which plays a significant role in the design and 

identification of drug molecules in reduced time and 

cost. The increase in the number of positive cases and 

deaths from COVID-19 and the lack of approved drugs 

and vaccines continue to be a matter of global health 

concern which necessitates the urgent discovery of drugs 

for the prevention and cure of the disease. The structural 

elucidation of pharmacological targets of SARS-CoV-2 

has helped the researchers in the structure based virtual 

identification of inhibitors, and the discovery of few lead 

molecules against COVID-19 has led to the use of 

scaffolds that can be optimized through ligand-based 

drug design. Realizing the possible mutability of this 

RNA virus and the emergence of drug resistance 

problems, it is, therefore, necessary to take a step further 

and consider targeting multiple drug targets that will be 

more effective and might help in overcoming drug 

resistance barriers. 
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