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Dissertation 

“The Role of Sorting Nexin 9 Family in G Protein-Coupled Receptor Regulation” 

Abstract 

G protein-coupled receptors (GPCRs) sense extracellular stimuli and mediate almost every aspect of human 
physiology, including appropriate functioning of the cardiovascular, gastrointestinal, endocrine, nervous, and 
immune systems. Activating ligands promote coupling of GPCRs with heterotrimeric G-proteins that transduce 
extracellular signals into an intracellular signaling response. Dysregulation of this signaling is linked to many 
diseases, such as cancer, Alzheimer’s, drug addiction, obesity, and autoimmune disorders. Despite the role of 
GPCRs in disease, the mechanisms that regulate GPCR signaling remain poorly understood. The overall goal 
of this project is to elucidate the mechanisms responsible for GPCR regulation. GPCR signaling is tightly 
regulated by GPCR kinases (GRKs) and multi-faceted adaptor proteins called β-arrestins. β-arrestins bind to 
ligand-activated and GRK-phosphorylated GPCRs at the plasma membrane. β-arrestin binding prevents G 
protein coupling while targeting GPCRs for internalization by their ability to simultaneously scaffold 
components of the internalization machinery. In addition, β-arrestins can activate various signaling pathways 
independent of G proteins. However, the mechanism by which β-arrestins perform these functions remains 
poorly understood, mainly because the full extent of their interacting partners remains unknown. To discover 
novel GPCR-stimulated β-arrestin1 interacting partners, we used peroxidase-based proximity labeling coupled 
with affinity purification and quantitative mass spectrometry by appending the ascorbic-based peroxidase 
APEX in-frame to the C-terminus of β-arrestin1. This does not disrupt the role of β-arrestin1 in GPCR 
internalization or its ability to bind to known interacting proteins. Using this approach several β-arrestin1-
interacting proteins were found to be increased in abundance following GPCR stimulation. Biochemical 
experiments confirmed that two proteins interact with β-arrestin1, which we predict are novel ligand-stimulated 
β-arrestin1 interacting partners. One of these proteins is sorting nexin 9 (SNX9), an endocytic remodeling 
protein that has pleiotropic effects on endocytosis and signaling but has never been linked to GPCR regulation. 
Using the chemokine receptor CXCR4 as a model GPCR, we show by RNAi and using gene-edited SNX9 and 
β-arrestin knockout cells that SNX9, but not β-arrestins, is essential for agonist-stimulated CXCR4 
internalization. We show in cells that SNX9 is recruited to CXCR4 at the plasma membrane in an agonist-
dependent manner independent of the interaction with β-arrestin1. Further, we show that SNX9 binds directly 
to the cytoplasmic carboxyl-terminal tail of CXCR4 in a phosphorylation-dependent manner. Receptor mutants 
that are unable to recruit SNX9 are also unable to internalize. β-arrestins are also recruited to agonist-
stimulated CXCR4, which is mutually exclusive with SNX9 recruitment. Furthermore, we provide evidence that 
some receptors do not require SNX9 nor β-arrestins for endocytosis, suggesting additional modes for GPCR 
endocytosis. We propose that SNX9 mediates CXCR4 internalization, while β-arrestins mediate receptor 
desensitization and G protein-independent signaling. Collectively, our data are consistent with a model in which 
SNX9 functions as a cargo adaptor that defines a novel mode of GPCR endocytosis. These results provide 
novel insights into the mechanisms regulating GPCR trafficking and broaden our overall understanding of 
GPCR regulation.  

  



 



 

 

 

 

 

 



 

 

 



 



 



 

 


