Abstract

The efficacy of Mitoubiquinol Mesylate (MitoQ) in modulating oxidative stress has been established in many studies. However, the binding modes for MitoQ have not been characterized structurally. The present study sought to understand the structural and molecular mechanism by which MitoQ modulates the expression of Nrf2 and mitochondria induced oxidative stress. Computer molecular simulations were used to predict non-covalent interactions of MitoQ with different proteins involved in the mitochondria induced oxidative stress pathway and Nrf2/KEAP1 signaling pathway. Analysis of binding modes revealed MitoQ interactions with amino acid residues in active pocket of BTB and KELCH domains of KEAP1 with average binding affinities of -66.46kcal/mol and -74.74kcal/mol respectively. Also, MitoQ interacted with Arg31, Asp82, Trp164, and His207 at the active site of Mitochondrial Complex II with a higher average binding affinity of -75.76kcal/mol compared to binding affinity of co-crystallized ligand of complex II (-62.31 kcal/mol). Molecular dynamics simulations data showed the binding of MitoQ to be stable with low eigenvalues while the electronic properties of MitoQ derived via quantum mechanics calculations suggest MitoQ to be very reactive with its mechanism of chemical reactivity to be via electrophilic reactions. These structural and molecular interactions of MitoQ predict a possible mechanism of MitoQ biological activities that are observed in several studies.
