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Dissertation

“Investigating the Molecular Determinants of Superagonism at the Mu-Opioid
Receptor”

The ongoing opioid epidemic is responsible for thousands of deaths annually. Synthetic opioids
are responsible for many of those deaths, and the emergence of novel opioids hampers our
ability to control the epidemic. These drugs, sometimes termed “designer opioids”, display a
wide range of pharmacological profiles, with many able to achieve potent agonism at the p-
opioid receptor (MOR) above the level reached by endogenous ligands. Although the potency
and efficacy of opioid drugs are directly related to their ability to cause harmful side effects like
respiratory depression, the specific MOR pharmacological profiles that leads to overdose and
death remain poorly predictable. In fact, strategies toward generating safer opioid drugs are
severely limited without deep structural knowledge on the underpinnings of MOR activation
processes. To develop the next generation of safer opioid therapeutics, it is paramount to
understand the structural and biophysical determinants of MOR activation and signaling.
Synthetic opioids are valuable tools toward assessing the structural basis of varying degrees of
agonism displayed by MOR ligands. This is because the stability of conformations induced by a
ligand is directly proportional to their intrinsic efficacy. Computational studies have suggested
that the degree of ligand-binding induced conformational heterogeneity in the MOR
intracellular coupling domain is inversely correlated with that ligand’s efficacy, with partial
agonists displaying increased motional dynamics at key microswitch motifs compared to full
agonists. Learning how signal transmission is mediated by binding pocket interactions, and how
signals propagate to the intracellular side of the receptor will help us understand why these
interactions correspond to specific degrees of agonism. Here, we present data showing that
members of the nitazene family of MOR ligands contain compounds capable of achieving
supraphysiologic levels of signaling efficacy for both the G protein and B-arrestin signaling
pathways. These superagonists can potently induce both analgesia and respiratory depression in
animal models. The high selectivity shown by these nitazenes for MOR over the 6- and k-opioid
receptors indicates they can serve as useful tool compounds to interrogate MOR signaling. We
utilize this to our advantage by harnessing computational tools to aid in the targeted design of
novel nitazene compounds displaying partial G protein agonism at MOR. We show that these
compounds can induce analgesia but are unable to induce apnea at relevant doses. We use
molecular dynamics and Markovian modeling to show that nitazene partial agonists adopt an
alternative binding orientation within the MOR orthosteric binding pocket relative to nitazene
superagonists and conventional opioids. These findings lead us to propose a model of nitazene
mediated MOR activation where ligand positioning between TMs 2 and 7 promote partial
agonism, positioning between TMs 2 and 3 promotes full agonism, and the positioning of Q2.60
relative to ECL1 functions as a switch to trigger superagonism.
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