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         Abstract 

Molecular docking and virtual screening have, indeed, contributed much to drug discovery by 

providing fast computational strategies for the identification of potential therapeutic compounds 

against infections. These methods allow for rapid screening of large chemical libraries so that 

researchers can predict the binding affinity of small molecules with respect to biological targets. 

In addition, artificial intelligence and machine learning developments have further improved 

accuracy and efficiency in virtual screening pipelines. This study covers the integration of 

molecular docking, virtual screening, and deep learning algorithms into drug discovery. The case 

studies presented offer insights from computational drug screening against bacteria, viruses, and 

fungi in the context of accelerating drug development. The methodologies of molecular docking 

and virtual screening have substantially accelerated the discovery of novel therapeutic agents 

aimed at combating infectious diseases. The application of deep learning and AI-enhanced 

predictive modeling has refurbished traditional computational screening approaches with greater 

accuracy. The future course of research may well involve increasing the accuracy of AI-based 

docking models and the ability to synergistically mine multi omic data for further improvements 

in the drug discovery pipeline. The fact that more and more structural and omics data became 

available for developing personalized molecular docking is also highly relevant. It means that by 

integrating genomic, proteomic, and metabolomic data, drug discovery can be much more patient-

specific and thus improved in therapeutic efficacy. These techniques in high-throughput screening 

are straightforwardly integrated into computational modeling, allowing for the rapid identification 

of lead compounds for the treatment of infectious diseases. 
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INTRODUCTION

A great crisis from the public health perspective is 

posed by the emergence of multidrug-resistant 

pathogens which makes the urgent need for 

discovering new therapeutic agents. Traditional 

drug discovery processes are time-consuming and 

cost-prohibitive, often taking decades before a drug 

is ready for market entry; molecular docking and 

virtual screening are computational alternatives to 

speed up the process by predicting molecular 

interactions with target proteins (Noor, F., Junaid, 

M., Almalki, A. H., et al. (2024). Computational 

drug discovery involves ligand-based and structure-

based identification of promising drug candidates. 

Molecular docking predicts how a ligand binds by 

conforming to a target receptor, while virtual 

screening ranks putative compounds based on 

binding affinity scores (Machado, M., Sun, J., Zhou, 

X., et al. (2024). Very recently, machine learning 

and deep learning algorithms have been combined 

with these techniques for more accurate hit 

identification and lead optimization (Qamar, M. T. 

U., Ghazanfar, S., Almaghrabi, M., et al. (2024).

 

Figure 2. Life cycle of Plasmodium falciparum and proposed intervention 

Now, these new development in artificial 

intelligence has proved themselves significantly 

increasing the predictive accuracy of molecular 

docking models. According to some evidence, AI 

virtual screening like DeepDock and VirtuDockDL 

turns out to be better than regular ones in detecting 

high-affinity ligands for therapeutic purposes (Chen, 

L., Xu, Y., Zhou, Z., et al. (2023). Such models, 

which use computational embodiments, rely on 

neural networks and deep reinforcement learning to 

fine-tune docking poses and estimate binding free 

energies with great precision (Singh, R., Khan, H., 

Hameed, M., et al. (2023). The fact that more and 

more structural and omics data became available for 

developing personalized molecular docking is also 

highly relevant. It means that by integrating 
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genomic, proteomic, and metabolomic data, drug 

discovery can be much more patient-specific and 

thus improved in therapeutic efficacy (Tay, J. H., 

Patel, K., Lin, K., et al. (2024). These techniques in 

high-throughput screening are straightforwardly 

integrated into computational modeling, allowing 

for the rapid identification of lead compounds for 

the treatment of infectious diseases (Zhang, Y., Wei, 

W., Wu, X., et al. (2024). Molecular docking and 

virtual screening techniques have been critical in the 

inhibitor discovery process concerning important 

enzymes within pathogenic microorganisms. For 

instance, docking studies have helped in identifying 

novel inhibitors against SARS-CoV-2 main protease 

(Mpro), which are promising leads towards COVID-

19 therapeutics (Li, X., Wang, Z., Sun, J., et al. 

(2023). Similarly, virtual screening has led to the 

identification of small-molecule inhibitors that 

target the DNA gyrase of bacteria, which is a 

validated antibiotic target (Kumar, R., Sharma, P., 

Das, S., et al. (2023). Moreover, their combination 

with quantum mechanism calculations within 

docking simulations has provided further details on 

ligand-receptor interaction phenomena. Use of 

QM/MM hybrid approaches gives more realistic 

binding affinity prediction and lessens false 

positives in virtual screening campaigns (Ahmed, 

H., Yaseen, M., Rehman, M. T., et al. (2023).  

LITERATURE REVIEW 

The study highlights the concerted progress being 

made in molecular docking, virtual screening, and 

artificial intelligence-themed models toward 

infectious disease drug discovery. In addition, the 

paper presents the concerted success of applications 

that target bacterial, viral, and fungal pathogens.

 

Figure 2. Virtual screening (VS) workflow for finding novel inhibitors 
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Molecular docking and virtual screening have also 

played a crucial role in the discovery of inhibitors 

against crucial enzymes in pathogenic 

microorganisms. For example, docking studies have 

introduced novel inhibitors against SARS-CoV-2 

main protease (Mpro), which offer promising leads 

for therapeutics for COVID-19. Likewise, virtual 

screening has helped discover small-molecule 

inhibitors of bacterial DNA gyrase, a validated 

antibiotic target [9]. Integration of quantum-

mechanical calculations with docking simulation 

work has thrown new light upon ligand-receptor 

interaction phenomena. Thus, using QM/MM 

hybrid approaches allows stricter definition of 

binding affinity predictions with reduced false 

positives during virtual screening campaigns.  

This study aims at studying simulation models on 

computer tools mostly used in drug discovery 

against infectious diseases, including progress in 

molecular docking, virtual screening, and computer 

model-based postulations with artificial intelligence 

works. It also touches upon successful applications 

in targeting bacterial, viral, and fungal diseases.

 

Figure 3. The workflow of the VirtuDockDL 

pipeline in virtual screening for drug discovery is 

graphically summarized. Thus, it significantly 

begins the identification of active and inactive 

molecules that targets for specific protein. 

Anatomized newly synthesized molecules have 

drug likeness criteria filters; their characteristics 

are then selected based on graph-based features, 

molecular descriptors, and fingerprints. A GNN 

model is then trained and finally evaluated using 

metrics like ROC curves. The best model is used to 

screen a compound library for potential inhibitors. 

Prepare and optimize the protein structure, as well 

as for molecular docking simulation. Most 

importantly, results are visualized and 

benchmarked with experimental data. The 

VirtuDockDL platform provides a user interface 

upon these efficient management all steps 

concerned. 
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METHODOLOGY 

There was a systematic review of the molecular 

docking and virtual screening studies, including data 

obtained through PubMed, Google Scholar, and 

specialized drug discovery databases. Case studies 

from bacterial, viral, and fungal drug discovery were 

considered. Models were built using AutoDock Vina 

and PyRx for molecular docking simulations, 

whereas virtual docking was performed using the 

VirtuDockDL platform for deep learning-based 

virtual screening (Hussain, A., Khan, M. T., Javed, 

A., et al. (2024). The first line is not an introduction, 

so there are no punctuation requirements here. A 

systematic review of molecular docking and virtual 

screening studies was conducted using data 

retrieved from PubMed, Google Scholar, and 

specialized drug discovery databases. Case studies 

dealing with drug discovery from bacteria, viruses, 

and fungi were analysed. Molecular docking 

simulations were done using AutoDock Vina and 

PyRx, while deep learning-based virtual screening 

was performed using the VirtuDockDL platform 

(Hussain, A., Khan, M. T., Javed, A., et al. (2024). 

Computational screening workflows involved: 

1. Protein and Ligand Preparation: The 

Protein Data Bank (PDB) was mined to 

obtain my protein structures for disease-

specific symptoms while the structures of 

the ligands were downloaded from the 

ZINC database (Liu, H., Tang, Y., Chen, 

L., et al. (2023). 

2. Molecular Docking: by scoring the 

docked conformations using docking 

software and referring to the binding 

energy. (Park, J., Kim, H., Seo, M., et al. 

(2024). 

3. Machine Learning-Based Screening: AI-

assisted virtual screening models were used 

for ranking compounds depending on their 

specified activities (Jones, C. M., Smith, R. 

D., Wang, Y., et al. (2023). 

4. Post-Processing and Analysis: Upon 

screening, the identified top-ranked 

compounds were subjected to 

computational studies for the prediction of 

ADMET (absorption, distribution, 

metabolism, excretion, and toxicity) 

parameters (Wei, J., Zhao, L., Sun, Y., et 

al. (2023).

 

Figure 4. A summary of common computational techniques employed in drug discovery 
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RESULTS AND DISCUSSION 

Application in Bacterial Infections 

Molecular docking has been extensively used in 

searching for new antibiotics. For example, the 

model VirtuDockDL was found to identify 

inhibitors against TEM-1 beta-lactamase, an 

important enzyme for antibiotic resistance in 

Escherichia coli (Ahmad, I., Bashir, F., Tariq, M., et 

al. (2023). All the compounds screened showed high 

binding affinities and would thus serve as promising 

lead candidates in antibiotic research development. 

 

 

Table 1: Molecular Docking and Virtual Screening Results for Drug Discovery in Infectious Diseases 

Target 

Pathogen 

Target 

Protein 

Screened 

Compoun

ds 

Top Lead 

Compound 

Binding 

Energy 

(kcal/m

ol) 

Inhibiti

on 

Constan

t (Ki) 

Docking 

Tool Used 

Reference 

SARS-CoV-2 Main 

Protease 

(Mpro) 

500 FDA-

approved 

drugs 

Remdesivir -8.9 0.12 µM AutoDock 

Vina 

Noor, F., 

Junaid, 

M., 

Almalki, 

A. H., et 

al. (2024). 

E. coli TEM-1 

Beta-

lactamase 

200 beta-

lactam 

analogs 

Clavulanic 

Acid 

-7.6 1.3 µM PyRx Machado, 

M., Sun, 

J., Zhou, 

X., et al. 

(2024) 

Plasmodium 

falciparum 

Dihydrofolat

e Reductase 

300 

antimalari

al leads 

Pyrimethami

ne 

-9.1 0.05 µM Glide Qamar, M. 

T. U., 

Ghazanfar

, S., 

Almaghra

bi, M., et 

al. (2024) 

Mycobacteri

um 

tuberculosis 

Enoyl-ACP 

Reductase 

(InhA) 

250 

natural 

products 

Isoniazid 

Derivative 

-10.2 0.08 µM GOLD Chen, L., 

Xu, Y., 

Zhou, Z., 

et al. 

(2023) 

Candida 

albicans 

CYP51 

Enzyme 

150 

antifungal 

candidate 

Fluconazole -7.8 1.6 µM SwissDoc

k 

Singh, R., 

Khan, H., 

Hameed, 

M., et al. 

(2023) 

Zika Virus NS5 

Polymerase 

400 

antiviral 

compound

s 

Sofosbuvir -9.4 0.06 µM AutoDock 

Vina 

Tay, J. H., 

Patel, K., 

Lin, K., et 

al. (2024) 

Influenza A 

Virus 

Neuraminid

ase 

350 small 

molecule 

Oseltamivir -10.1 0.04 µM Glide Zhang, Y., 

Wei, W., 

Wu, X., et 

al. (2024) 

Hepatitis C 

Virus 

NS3 

Protease 

200 

protease 

inhibitors 

Boceprevir -9.3 0.07 µM Molecular 

Operating 

Li, X., 

Wang, Z., 
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Environme

nt (MOE) 

Sun, J., et 

al. (2023) 

Staphylococc

us aureus 

DNA Gyrase 300 

antibiotic 

candidate 

Ciprofloxaci

n 

-8.7 0.15 µM DOCK Kumar, 

R., 

Sharma, 

P., Das, S., 

et al. 

(2023) 

Marburg 

Virus 

VP35 

Protein 

280 

bioactive 

compound

s 

Favipiravir -9.8 0.03 µM Schröding

er 

Ahmed, 

H., 

Yaseen, 

M., 

Rehman, 

M. T., et 

al. (2023) 

Key Details: 

• Binding Energy (kcal/mol): Indicates how 

strongly the compound binds to the target 

protein (more negative values indicate stronger 

binding). 

• Inhibition Constant (Ki): Represents the 

concentration required to inhibit 50% of the 

enzyme activity. 

• Docking Tool Used: Specifies the 

computational docking software used to predict 

interactions. 

The validation process for AI-enhanced virtual 

screening in drug discovery of infectious diseases 

included a comparative study across different 

pathogens and lead compounds. Figure 5 shows that 

Isoniazid Derivative demonstrated the strongest 

binding against Mycobacterium tuberculosis and its 

top-ranked compounds exhibited binding energies 

between -7.6 and -10.2 kcal/mol. Table 2 presents 

the results which show that Marburg virus exhibits a 

strong binding affinity demonstrated by its low 

inhibition constant (Ki) value of 0.03 µM for 

Favipiravir treatment. VirtuDockDL demonstrates 

solid robustness as a deep learning screening tool for 

obtaining effective results in fighting diverse 

pathogens through its comprehensive comparison 

process.

 

Figure 5. Binding Energy of Top Lead Compounds Identified via Virtual Screening 
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Target Pathogen Top Lead Compound 
Binding Energy 

(kcal/mol) 

Inhibition Constant (Ki, 碌

M) 

SARS-CoV-2 Remdesivir -8.9 0.12 

E. coli Clavulanic Acid -7.6 1.3 

Plasmodium falciparum Pyrimethamine -9.1 0.05 

Mycobacterium 

tuberculosis 
Isoniazid Derivative -10.2 0.08 

Candida albicans Fluconazole -7.8 1.6 

Zika Virus Sofosbuvir -9.4 0.06 

Influenza A Virus Oseltamivir -10.1 0.04 

Hepatitis C Virus Boceprevir -9.3 0.07 

Staphylococcus aureus Ciprofloxacin -8.7 0.15 

Marburg Virus Favipiravir -9.8 0.03 

Table 2. Comprehensive Docking Results for Virtual Screening in Infectious Disease Targets 

Application in Viral Infections 

Inhibitors that work through other than covalent 

pathways on the VP35 protein of the Marburg virus, 

an important target for viral replication, were 

discovered by virtual screening oriented on deep 

learning methods (Khan, M. S., Ali, M. R., Haider, 

Z., et al. (2024). Molecular docking studies 

confirmed strong binding interactions, providing 

further basis for AI-driven computational drug 

discovery in antiviral therapeutics (Tan, L., Zhao, 

Q., Xie, X., et al. (2023). 

Application in Fungal Infections 

Studies involving molecular docking of the CYP51 

enzyme, a crucial part of biosynthesis in fungal cell 

membranes, led to the discovery of promising new 

azole antifungal candidates. The docking 

simulations indicated the high binding affinities of 

Bifonazole, Butaconazole, and Tebuconazole, 

proposing their effectiveness against fungal 

infections (Sun, J., Zhou, X., Wu, P., et al. (2023). 

 

CONCLUSION 

The methodologies of molecular docking and virtual 

screening have substantially accelerated the 

discovery of novel therapeutic agents aimed at 

combating infectious diseases. The application of 

deep learning and AI-enhanced predictive modeling 

has refurbished traditional computational screening 

approaches with greater accuracy. The future course 

of research may well involve increasing the 

accuracy of AI-based docking models and the ability 

to synergistically mine multi-omic data for further 

improvements in the drug discovery pipeline. 
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