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The submicroscopic details of interactions between small molecules and macromolecules, or
between macromolecules themselves (i.e., DNA-ligand, protein-ligand, DNA-protein, protein-protein),
are of critical importance for elucidation of the biochemical reactions occurring at the cellular level
and the molecular-level understanding of the specific responses that emerge as a result of these
reactions. In this context, molecular docking is one of the most significant computational techniques
of the past 20 years, and perhaps one of the most frequently used techniques in deciphering
biological molecular phenomena. Molecular docking has the ability to reveal the conformational
orientation, binding affinities, and intermolecular interactions formed between numerous molecules,
making it a powerful and indispensable tool in understanding cellular phenomena [1].

In the field of biological sciences, the molecular docking technique is widely applicable and
provides valuable mechanistic and molecular-level insights into experimental results. This technique is
extensively utilized in disciplines such as genetics, biochemistry, pharmaceutical chemistry, pharmacy,
microbiology, molecular biology, and toxicology [2]. Furthermore, molecular docking plays a crucial
role in studying the molecular-level interactions between synthetic chemicals (e.g., carbon
nanotubes, pillararenes, nanoparticles, nanocomposites, etc.) used alone or as drug carriers against
their respective receptors, particularly in targeting cancer cells. Additionally, molecular docking is
frequently employed in the 3D orientation prediction of DNA-protein and protein-protein complexes
whose crystallographic structures remain unelucidated. Strikingly, the inherent nature of molecular
docking, which is based on biochemistry and biophysics, has allowed it to take place even in the
COVID-19 pandemic, which has severely affected the world agenda, societies, and the global
economy for about 2 years. This method has ultimately become a principle component in
bioinformatics-based drug-discovery campaigns against the SARS-CoV-2 virus [3].

Through our experimental and computational molecular docking studies conducted with
several research groups, the molecular complexes formed between synthetic or organic small
molecules and macromolecular targets such as DNA/proteins (i.e. AChE, BChE, alpha-glucosidase,
alpha-amylase, tyrosinase, spike, TMPRSS2, cathepsins) have been characterized in 3D, and the
resulting non-bonded interactions have also been successfully demonstrated. The data obtained from
molecular docking simulations serve as a starting point to define the biochemical events occurring
between ligands and their specific receptors more clearly and contribute to a better understanding of
the underlying biological phenomena.
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Figure 1: Molecular complexes of a. DNA-graphene, b. DNA-nanotube, and c. Spike-epicatechin gallate
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