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Abstract 
Computational approaches have become indispensable in modern drug 

discovery and development. Among them, in silico molecular docking 

serves as a vital tool for predicting the binding affinity, orientation, and 

interactions of bioactive molecules within the active site of biological 

targets. Docking helps understand structure–activity relationships 

(SARs), guides lead optimization, and reduces experimental costs by 

prioritizing promising compounds before synthesis and biological 

evaluation. This review provides an overview of molecular docking 

theory, types of docking algorithms, commonly used software, validation 

parameters, and examples of applications in studying bioactive natural 

products and synthetic molecules. The integration of docking with 

molecular dynamics (MD) simulations, quantitative structure–activity 

relationship (QSAR) modeling, and in vitro assays is also discussed. 

Challenges such as receptor flexibility, scoring inaccuracies, and water-

mediated interactions are considered, along with emerging advances in 

artificial intelligence (AI) and deep learning-based docking algorithms. 

Overall, in silico molecular docking remains a cornerstone computational method for rational drug design 

and bioactivity prediction of natural and synthetic molecules. 
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Introduction 
Drug discovery traditionally relies on empirical 

testing of compounds for biological activity, a 

process that is time-consuming, expensive, and 

resource intensive. The introduction of in silico 

methodologies has revolutionized pharmaceutical 

research by enabling virtual screening, 

optimization, and rational design of bioactive 

molecules before experimental validation 

(Kitchen et al., 2004; Lionta et al., 2014). Among 

the available computational tools, molecular 

docking plays a crucial role in predicting how 

small molecules interact with macromolecular 

targets such as enzymes, receptors, or nucleic 

acids. 

Molecular docking aims to determine the optimal 

orientation and conformation of a ligand within  

 

the binding pocket of a receptor, thereby 

estimating binding affinity and elucidating 

possible non-covalent interactions (Meng et al., 

2011). This approach is particularly relevant for 

the study of bioactive molecules — compounds of 

natural or synthetic origin that elicit biological 

effects — including phytochemicals, alkaloids, 

flavonoids, terpenoids, peptides, and synthetic 

analogs. In recent years, the convergence of 

cheminformatics, bioinformatics, and machine 

learning has further enhanced the accuracy and 

applicability of docking-based studies (Trott & 

Olson, 2010; Eberhardt et al., 2021). 
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Theoretical Basis of Molecular Docking 

Molecular docking is grounded in the principles 

of molecular recognition and thermodynamics. It 

simulates how a ligand binds to a receptor through 

non-covalent interactions — including hydrogen 

bonding, electrostatic forces, hydrophobic 

interactions, and π-π stacking — to form a stable 

complex (Brooijmans & Kuntz, 2003). 

The process involves two primary components: 

Search Algorithm: Generates possible ligand 

conformations and orientations (poses) within the 

binding site. 

Scoring Function: Evaluates and ranks poses 

based on predicted binding energies or 

complementarity to the receptor. 

The docking process approximates the binding 

free energy (ΔGbind) using empirical or semi-
empirical functions, which estimate van der 

Waals, electrostatic, and desolvation 

contributions. A successful docking algorithm 

efficiently explores conformational space and 

accurately predicts the experimentally observed 

binding mode. 

Types of Molecular Docking 

Depending on the flexibility assumptions for the 

receptor and ligand, molecular docking can be 

categorized into several types: 

Rigid Docking 

In rigid docking, both receptor and ligand are 

considered fixed. This method is computationally 

less demanding but often fails to account for 

conformational changes during binding. It is 

mainly used for preliminary screening. 

Flexible Ligand Docking 

The ligand is allowed to rotate around its torsion 

angles, while the receptor remains rigid. This is 

the most common form of docking used in virtual 

screening, balancing computational efficiency 

with biological relevance (Pagadala et al., 2017). 

Induced-Fit or Flexible Docking 

Both receptor and ligand flexibilities are 

considered, allowing adaptation of the active site 

to accommodate the ligand. Though 

computationally intensive, this approach provides 

more accurate predictions for dynamic binding 

pockets (Sherman et al., 2006). 

Covalent Docking 

Certain inhibitors form covalent bonds with their 

targets. Specialized algorithms model covalent 

attachment mechanisms to predict both non-

covalent and covalent binding modes (London et 

al., 2014). 

Blind Docking 

Used when the binding site is unknown, the 

algorithm explores the entire protein surface to 

locate potential binding pockets (Hetényi & van 

der Spoel, 2002). 

Major Docking Software and Tools 

Several molecular docking programs are widely 

used in academic and industrial research. Each 

employs different search algorithms and scoring 

functions. 
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AutoDock 

& 

AutoDock 

Vina 

Lamarckia

n Genetic 

Algorithm 

Empiric

al free 

energy 

Open-

source; 

widely 

used for 

protein–
ligand 

docking 

(Trott & 

Olson, 

2010) 

Glide 

(Schröding

er) 

Increment

al 

constructi

on 

Force-

field-

based 

High 

accuracy; 

supports 

induced fit 

(Friesner et 

al., 2004) 

GOLD Genetic 

algorithm 

Piecewi

se linear 

potentia

l 

Suitable 

for flexible 

docking 

(Jones et 

al., 1997) 

MOE Dock Triangle 

matcher 

Force-

field & 

empiric

al 

Integrated 

visualizati

on and 

QSAR 

tools 

SwissDock EADock 

DSS 

engine 

Full-

fitness 

scoring 

Web-

based; 

suitable for 

rapid 

screening 

(Grosdidie

r et al., 

2011) 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Chaturvedi & Gupta, 16(10):21-26, 2025 

 

International Journal of Pharmacy & Life Sciences                     Volume 16 Issue 10: Oct.   2025                            23 

PLANTS Ant-

colony 

optimizati

on 

Empiric

al 

Flexible 

and 

customizab

le open-

source 

docking 

 

Selection of software depends on desired 

accuracy, computational resources, and receptor 

type. AutoDock Vina and Glide are particularly 

popular for docking of natural products and drug-

like compounds. 

Docking Workflow and Validation 

A typical docking study involves several critical 

steps (Figure 1): 

 
Fig. 1: Workflow of Docking 

 

Target Preparation: Protein structure retrieval 

(e.g., from Protein Data Bank), removal of water 

molecules, addition of hydrogen atoms, and 

optimization. 

Ligand Preparation: Drawing or importing 

ligand structure, assigning bond orders, adding 

hydrogens, and minimizing energy using force 

fields such as MMFF94 or OPLS. 

Grid Box Definition: Setting coordinates around 

the active site to limit the search area. 

Docking Simulation: Generating multiple ligand 

poses and scoring them. 

Post-Docking Analysis: Evaluating hydrogen 

bonds, hydrophobic interactions, binding 

conformations, and comparing scores with 

reference ligands. 

Validation: Re-docking co-crystallized ligands to 

reproduce known binding poses and confirm 

method reliability. 

Validation metrics include root-mean-square 

deviation (RMSD) between predicted and 

experimental poses; RMSD ≤ 2.0 Å is typically 
considered successful (Coleman et al., 2013). 

Applications in Bioactive Molecule Research 

Molecular docking is widely used to study the 

mechanism of action and binding behavior of 

bioactive compounds derived from plants, marine 

organisms, and microbes. 

Natural Products 

Phytochemicals such as flavonoids, alkaloids, and 

terpenoids have been virtually screened against 

numerous therapeutic targets: 

Flavonoids (e.g., quercetin, kaempferol) have 

shown high affinity toward enzymes like 

cyclooxygenase-2 (COX-2) and α-amylase, 

suggesting anti-inflammatory and antidiabetic 

potentials (Basu et al., 2020). 

Alkaloids such as berberine exhibit strong 

docking interactions with topoisomerase and 

acetylcholinesterase, correlating with 

antimicrobial and neuroprotective effects (Kumar 

et al., 2018). 

Terpenoids have been docked against SARS-

CoV-2 main protease (Mpro) as potential 

antivirals, revealing promising binding scores for 

compounds like ursolic acid and betulinic acid 

(Enmozhi et al., 2021). 

Synthetic Analogs 

Docking helps optimize synthetic derivatives of 

known scaffolds. For instance, oxazolidinone and 

quinazoline derivatives have been docked to 

bacterial ribosomal proteins and tyrosine kinases 

to rationalize SARs (Dwivedi et al., 2022). The 

approach helps identify substituent effects that 

enhance binding affinity and biological potency. 
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Enzyme Inhibition Studies 

Docking predicts inhibitory interactions in targets 

like proteases, kinases, oxidoreductases, and 

polymerases. For example, curcumin analogs have 

been docked to NF-κB and COX-2, elucidating 

anti-inflammatory mechanisms (Lobo et al., 

2019). 

Drug Repurposing 

In silico docking aids in repurposing approved 

drugs for new indications. Computational 

screening of existing drugs against novel targets 

accelerates discovery, as seen during COVID-19 

antiviral searches (Elfiky, 2020). 

Integration with Other Computational 

Techniques 

Molecular Dynamics (MD) Simulations 

While docking provides static snapshots of 

binding, MD simulations explore the dynamic 

stability of complexes under physiological 

conditions (Hollingsworth & Dror, 2018). 

Combining docking with MD helps refine binding 

poses and estimate free energies via MM/PBSA or 

MM/GBSA methods. 

QSAR and Pharmacophore Modeling 

Quantitative structure–activity relationship 

(QSAR) models predict biological activity from 

molecular descriptors. Docking-derived 

parameters, such as binding energy or hydrogen 

bond count, can serve as QSAR inputs (Cherkasov 

et al., 2014). Pharmacophore modeling identifies 

key features (H-bond donor, acceptor, 

hydrophobic region) necessary for activity. 

Virtual Screening and ADMET Prediction 

High-throughput docking screens large compound 

libraries to identify hits. Integration with 

absorption, distribution, metabolism, excretion, 

and toxicity (ADMET) prediction helps prioritize 

drug-like molecules (Daina et al., 2017). 

Limitations and Challenges 

Despite its utility, molecular docking has inherent 

limitations: 

Scoring Function Accuracy: Simplified scoring 

functions may fail to capture entropic 

contributions, solvent effects, and induced fit 

(Warren et al., 2006). 

Protein Flexibility: Most docking assumes static 

receptor conformations, ignoring dynamic 

rearrangements of side chains. 

Water Molecules: The role of bound water in 

mediating ligand–protein interactions is often 

oversimplified. 

Protonation States: Incorrect assignment of 

protonation or tautomeric states can misrepresent 

electrostatic interactions. 

Computational Cost: Accurate flexible docking 

and MD refinement require substantial 

computational resources. 

Addressing these challenges involves integrating 

docking with MD, machine learning–based 

scoring, and ensemble docking across multiple 

receptor conformations. 

Emerging Trends and Artificial Intelligence in 

Docking 

Recent advances have introduced AI and deep 

learning to improve docking accuracy and 

efficiency. Neural networks trained on large 

protein–ligand datasets can predict binding 

affinities with greater precision than traditional 

scoring functions (Jiménez et al., 2018). Tools 

such as GNINA and DeepDock employ 

convolutional neural networks (CNNs) to learn 

complex spatial interactions. Moreover, 

generative models now assist in de novo design of 

ligands optimized for docking scores (Stärk et al., 

2022). 

Cloud computing and GPU-based parallelization 

have also accelerated docking pipelines, enabling 

virtual screening of millions of compounds within 

hours. The integration of AI-driven docking with 

in vitro validation promises a more predictive, 

data-centric approach to drug discovery. 

 
10. Future Perspectives 

The future of in silico docking lies in hybrid 

modeling—combining quantum mechanical 

calculations, molecular dynamics, and AI-based 

predictions to achieve near-experimental 

accuracy. The use of cryo-EM and high-resolution 

structures will further improve target definition. 

Additionally, in silico pipelines for natural 

product research can guide sustainable exploration 

of bioactive leads from plants and 

microorganisms. 

Collaborative open-source platforms such as the 

COVID Moonshot project have demonstrated the 

power of community-driven docking campaigns 

(Chodera et al., 2020). As computation becomes 

more accessible, integration of in silico and in 
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vitro data will transform the discovery pipeline 

into a faster, more economical, and 

mechanistically insightful process. 

Conclusion 
In silico molecular docking has emerged as a 

powerful technique for exploring molecular 

recognition between bioactive compounds and 

biological targets. It bridges the gap between 

chemistry and biology by providing structural 

insights that guide rational drug design. Despite 

its limitations, docking—when integrated with 

molecular dynamics, QSAR modeling, and 

experimental validation—offers a comprehensive 

framework for studying bioactive molecules. The 

incorporation of AI and advanced scoring 

functions promises to overcome current 

challenges and enhance predictive accuracy. 

Ultimately, in silico docking continues to 

accelerate the discovery of novel therapeutics 

derived from both natural and synthetic origins. 
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