Prediction of protein-protein interaction affinity by considering interatomic distances using machine learning methods
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Protein binding plays a crucial role in numerous biological processes and significantly influences drug design and efficacy. The physical characteristics of molecules are essential in binding events [1]. Despite the importance of these characteristics, comparing methods across studies is challenging.
This study aims to address these inconsistencies by systematically classifying atoms involved in protein binding into 21 groups based on the atom names. By doing so, the study aims to improve the accuracy of protein-protein interaction predictions.
To achieve this objective, a custom PDB (Protein Data Bank) [2] parser was developed that efficiently classifies atoms and focuses exclusively on those located within the binding site, defined as within a 10 Å radius from the binding interface. This task is inherently challenging due to the complexity and variability of protein structures. The parser streamlines this classification process, ensuring accuracy and consistency across the dataset. Atoms were then classified into 21 distinct groups according to their associated amino acids and atom type names. This classification allowed for the analysis of differences in charge and interaction forces among the groups. Binding affinity data was taken from PDBBind database [3]. Furthermore, advanced machine learning algorithms were employed to predict binding affinities, and the results were compared with popular existing solutions.
The analysis revealed significant differences in charge and interaction forces among the 21 atom groups, which directly influenced the binding affinity and stability of protein conformations. By incorporating these detailed atom classifications into the machine learning models, an improvement in accuracy was achieved compared to recently developed solutions [4]. This demonstrates the potential of the approach to enhance the prediction of protein-protein interactions. 
The findings of this study highlight the importance of considering detailed atom classifications in the analysis of protein binding. This systematic approach provides a more standardized method for comparing binding affinities. By improving the accuracy of protein-protein interaction predictions, the method has significant implications for drug design and development. It is argued that this straightforward yet often overlooked idea can substantially impact the field and should be incorporated into future models to enhance their predictive capabilities. This study provides valuable insights into the physical characteristics of protein binding and offers a small but meaningful advancement in the prediction of protein-protein interactions. 
References
1. Cheng J, Tegge AN, Baldi P. Machine Learning Methods for Protein Structure Prediction. IEEE Reviews in Biomedical Engineering. 2008; 1:41–49. http://dx.doi.org/10.1109/RBME.2008.2008239.
2. Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weissig H, Shindyalov IN, Bourne PE. The Protein Data Bank. Nucleic Acids Res. 2000 Jan 1;28(1):235-42. doi: 10.1093/nar/28.1.235. 
3. Liu Z, Li Y, Han L, Li J, Liu J, Zhao Z, Nie W, Liu Y, Wang R. PDB-wide collection of binding data: current status of the PDBbind database. Bioinfomatics. 2015 Feb 1;31(3):405-12. doi: 10.1093/bioinformatics/btu626. Epub 2014 Oct 9..
4. EA Bogdanova and VN Novoseletsky. Proban: Neural network algorithm for predicting binding affinity in protein–protein complexes. Proteins: Structure, Function and Bioinformatics, pages 1–10, 2024. doi: 10.1002/prot.26700
