Application of Molecular Dynamics for Development of Therapeutics Against Opioid

Overdose
Emily N. Robinson, James M. Seckler, Alexander J. Crook, Stephen J. Lewis, Alan Grossfield
University of Rochester Medical School, Rochester, NY, USA

Case Western Reserve University, Cleveland, OH, USA

IolE) UNIVERSITY of

#5™ ROCHESTER

Abstract

Opioid overdose has been a long-standing public health issue in the United States, which has only
been exacerbated by the Covid-19 pandemic. While there are treatments for opioid overdose, there
are currently no therapeutic tools to prevent it. Moreover, these treatments are limited to emergency
scenarios, most notably due to induction of withdrawal and loss of analgesia. Fatal opioid overdoses
are primarily attributed to opioid-induced respiratory depression (OIRD). As part of an ongoing
collaboration, a class of cysteine derivatives have been identified that reverse OIRD without
blocking the analgesic effects of the opioid or inducing withdrawal. The current hypothesis is that
these compounds function by binding B-arrestin, a protein that signals downstream of the opioid
receptors. Here, we present molecular dynamics simulations intended to characterize this binding
interaction and rationalize the trends currently observed in the preliminary data. Specifically, we
combine conventional simulations of the protein in the presence of high ligand concentrations —
“flooding” simulations — with alchemical free energy calculations to estimate the binding affinities.
We perform these calculations for both inactive apo B-arrestin and a model for the active form
bound to a peptide mimic for the opioid receptor’s C-terminal tail. The results will be used to
suggest new experiments for our collaborators, including mutagenesis to B-arrestin and new
compounds to test.
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Flooding Molecular Dynamics

*All-atom simulation
*OPC water R
*Hydrogen mass repartitioning
5 replicate runs 1.5us per molecule

*Calculate packing score
*Analogous to attractive van der Waals interactions
*Generally finds surface of protein
*Cannot 1dentify binding mode alone

*PCA to identify binding mode
*Covariance matrix of packing score per residue

Candidate Sites in Functionally Important Regions

Preliminary Binding Free
Energy Calculation
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