Investigating the Stability and Binding Interactions of Modifications of Furanocoumarins to Cyclin Dependent Kinase 4 Using Molecular Docking and MD Simulations
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Abstract

The cell-cycle regulator, CDK4 is found to be hyperactive in cancer cells leading to unrestricted cell division. The established antagonists of CDK4 are associated with various toxicities in humans. Furanocoumarins produce chemotherapeutic effects in a variety of cancer cells which includes direct inhibition of CDK4. Thus, designing furanocoumarin derived compounds and evaluating their inhibitory behaviour against CDK4 is aimed to improve efficiencies of known inhibitors. In this study, we carried out 8 modifications by substituting the acetonide ring of a furanocoumarin oxypeucedanin hydrate acetonide to different positions of another furanocoumarin notopterol. Following this, we performed docking studies of these 8 modifications to the ligand binding zone of CDK4, along with a well known inhibitor of the protein, abemaciclib which was used as the control. Thereafter, rank_1 and rank_2 of the best scored ligand- modification_7, along with abemaciclib were progressed to subsequent MD (Molecular Dynamics) simulations. The modifications bound to CDK4 with appreciable negative binding energies, modification_7 being the highest scored ligand, as obtained from molecular docking calculations. Modification_7 was reasonably stable inside the ligand binding pocket of CDK4 as obtained from MD simulations. This study contribute insights on the inhibitory tendencies of natural compound like molecules against cell-cycle related proteins, hence guiding experimentalists in inventing better inhibitors. 
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