Structure-based design of P2Y12 receptor antagonists from Heterometrus laoticus scorpion dipeptides
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Introduction. Scorpion venom peptides are a well-known source of bioactive compounds with potent pharmacological properties, particularly in their ability to modulate ion channels and membrane receptors (Tran et al, 2017). One such receptor, the P2Y12 receptor, plays a central role in platelet aggregation and thrombosis, making it a critical target in the treatment of cardiovascular diseases and stroke. Given the need for more selective and potent P2Y12 antagonists, naturally derived peptide-based compounds offer a promising avenue for therapeutic development.
Aims. This study focuses on investigating the antagonistic potential of two dipeptides, LeuTrp and IleTrp, isolated from the venom of Heterometrus laoticus, along with 209 of their chemical derivatives. The primary objective is to evaluate these compounds for binding affinity and selectivity toward the P2Y12 receptor and to identify structural features that enhance their interaction with the receptor as effective antithrombotic agents.
Methods. To assess receptor binding and structure-activity relationships, a combination of computational techniques was employed. Molecular docking was used to evaluate binding poses and estimate interaction energies with the P2Y12 receptor. Pharmacophore mapping identified key interaction features such as hydrophobic regions and hydrogen bond acceptors, while Quantitative Structure-Activity Relationship (QSAR) analysis was performed to correlate specific chemical modifications with predicted binding affinities (Al-Najjar et al, 2023). Structural alterations investigated included benzylation and halogenation of the indole ring, incorporation of D-amino acids, N-methylation of amides, and peptide extension with polar or aromatic residues.
Results. Docking studies revealed that benzylation of the indole ring significantly enhanced binding affinity, primarily through improved π-π stacking and hydrophobic interactions with receptor residues. Halogenation at position 5 of the indole ring, particularly with fluorine, further increased binding stability, likely due to enhanced hydrogen bonding or electronic effects. Modifications such as D-amino acid incorporation and N-methylation of secondary amides improved electrostatic interactions, thereby stabilizing the receptor-ligand complex. Peptide extension with polar or aromatic groups promoted additional hydrogen bonding and aromatic stacking interactions. Pharmacophore mapping identified consistent interaction hotspots, notably involving Tyr105 and Lys280, with fit values ranging from 2.399 to 3.604. QSAR analysis showed strong correlations between specific structural changes and binding affinity, highlighting the role of structural flexibility and electrostatic complementarity. Predicted IC50 values for the most potent compounds ranged from 0.224 to 1.659 nM.
Discussion. The findings suggest that structural modifications, particularly benzylation and fluorine halogenation of the indole ring, as well as the incorporation of D-amino acids, greatly enhance the potency and selectivity of P2Y12 receptor antagonists derived from scorpion venom dipeptides. These changes contribute to improved receptor-ligand complementarity, resulting in more stable and effective binding. The study provides valuable insight into the molecular determinants of receptor engagement and offers a rational framework for the design of next-generation antithrombotic agents. Overall, these results support the therapeutic potential of venom-derived compounds as a foundation for the development of targeted cardiovascular drugs.
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