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A B S T R A C T

β-Arrestins are multifunctional adaptor proteins best know for their vital role in regulating G protein coupled
receptor (GPCR) trafficking and signaling. β-arrestin2 recruitment and receptor internalization of corticotropin-
releasing factor receptor 1 (CRFR1), a GPCR whose antagonists have been shown to demonstrate both anxiolytic-
and antidepressant-like effects, have previously been shown to be modulated by PDZ proteins. Thus, a structural
characterization of the interaction between β-arrestins and PDZ proteins can delineate potential mechanism of
PDZ-dependent regulation of GPCR trafficking. Here, we find that the PDZ proteins PSD-95, MAGI1, and PDZK1
interact with β-arrestin2 in a PDZ domain-dependent manner. Further investigation of such interaction using
mutational analyses revealed that mutating the alanine residue at 175 residue of β-arrestin2 to phenylalanine
impairs interaction with PSD-95. Additionally, A175F mutant of β-arrestin2 shows decreased CRF-stimulated
recruitment to CRFR1 and reduced receptor internalization. Thus, our findings show that the interaction be-
tween β-arrestins and PDZ proteins is key for CRFR1 trafficking and may be targeted to mitigate impaired CRFR1
signaling in mental and psychiatric disorders.

1. Introduction

The Corticotropin-releasing factor receptors, CRFR1 and CRFR2,
belong to secretin family of G protein-coupled receptors (GPCRs),
couple Gαs and share 70% amino acid sequence homology, but have
distinct cell and tissue expression patterns [1,2]. CRFR1 is mainly ex-
pressed in cerebral cortex, cerebellum, medial septum, and anterior
pituitary while CRFR2 is mainly expressed in heart and skeletal muscle
[1,3]. The neuropeptide CRF displays a ten-fold higher affinity for
CRFR1 over CRFR2 [4] and is mainly released from hypothalamus in
response to stressors to trigger the release of adrenocorticotropic hor-
mone (ACTH) and increase blood cortisol levels [5,6]. Although CRF is
crucial for coping with stress responses [7], elevated CRF levels has
been shown to correlate with anxiety disorders and depression. This

was supported by elevated CRF levels detected in post-mortem brains of
depressed suicide victims [8–11]. Moreover, CRFR1 KO mice show an
impaired stress response and CRFR1 antagonists have demonstrated
anxiolytic and antidepressant-like effects [5,12–14]. Interestingly, sti-
mulation of CRFR1 in both cell cultures and mouse prefrontal cortical
neurons resulted in enhanced signaling of the serotonin 2A receptor (5-
HT2AR) [15], another GPCR that regulates anxiety and depressive-like
behaviors [16]. Taken together, these findings suggest that CRFR1 can
be a viable target for treatment of mood and anxiety disorders and
further investigation of CRFR1-scafolding proteins that modulate sig-
naling cascade and trafficking of the receptor is essential.

Postsynaptic density protein of 95 kilodaltons (PSD-95), disc large,
zona occludens (PDZ) domain-containing proteins are one of the most
abundant GPCR-interacting proteins and are important regulators of
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Abbreviations: 5-HT2AR, serotonin 2A receptor; ACTH, adrenocorticotropic hormone; CAL, cystic fibrosis transmembrane conductance regulator-associated ligand;
CRF, corticotropin releasing factor; CRFR, Corticotropin-releasing factor receptor; ERK, extracellular signal-regulated kinase; GK, guanylate kinase–like; GPCR, G
protein-coupled receptor; HA, hemagglutinin; HEK293, human embryonic kidney 293; MAGI, membrane-associated guanylate kinase protein; PDZ, PSD95/Disc
Large/Zona Occluden; PDZK1, PDZ domain–containing kidney protein 1; PSD-95, Postsynaptic density protein of 95 kDa; RMSD, root mean square deviation; ROCK,
Rho-associated coiled coil-forming kinase.; SAP97, synapse-associated protein 97; SH3, SRC homology 3; SNX27, PDZ protein sorting nexin 27; Vps26, Vacuolar
protein sorting-associated protein 26

⁎ Corresponding author at: Department of Cellular and Molecular Medicine, University of Ottawa, 451 Smyth Dr., Ottawa, ON K1H 8M5, Canada.
E-mail address: sferguso@uottawa.ca (S.S.G. Ferguson).

Cellular Signalling 63 (2019) 109361

Available online 22 July 2019
0898-6568/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/08986568
https://www.elsevier.com/locate/cellsig
https://doi.org/10.1016/j.cellsig.2019.109361
https://doi.org/10.1016/j.cellsig.2019.109361
mailto:sferguso@uottawa.ca
https://doi.org/10.1016/j.cellsig.2019.109361
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cellsig.2019.109361&domain=pdf

	2012.pdf
	Review_2014
	Constitutive Activities and Inverse Agonism in Dopamine Receptors
	Introduction
	Molecular Basis for the Constitutive Activities of D1-Class Receptors
	Molecular Basis for the Constitutive Activities of D2-Class Receptors
	Regulation of Constitutive Activities of D1-Class Receptors
	Role of protein kinase C: Insights from pharmacological inhibitors
	Role of lipid rafts
	Role of desensitization and internalization

	Physiological and Pathological Relevance of Constitutive Activity for Dopamine Receptors
	Hypothalamic neurons and atrial natriuretic factor release
	Hippocampus and learning and memory
	Kidney and hypertension
	Striatum and Huntington´s disease
	Striatum and Parkinson´s disease

	Conclusion
	Conflict of Interest
	Acknowledgments
	References


	2019
	Structural determinants governing β-arrestin2 interaction with PDZ proteins and recruitment to CRFR1
	Introduction
	Materials and methods
	Materials
	Plasmids
	Cell culture and transfection
	Co-immunoprecipitation
	Western blot
	Bioluminescent resonance energy transfer
	Receptor endocytosis
	Protein alignments and figures
	Statistical analysis

	Results
	β-arrestin2 interaction with PDZ proteins is PDZ domain-dependent
	PDZ1 domain is sufficient for β-arrestin2 interaction with PDZK1
	Structural alignment reveals potential residues for β-arrestin-2 interaction with PDZ proteins
	A175 residue is key in mediating β-arrestin2 interaction with PSD95
	Disruption of β-arrestin-PDZ interaction impairs β-arrestin2 recruitment to CRFR1
	A175 residue of β-arrestin2 dictates recruitment to CRFR1
	A175 residue of β-arrestin2 is crucial of CRFR1 internalization

	Discussion
	Conclusion
	Competing interests
	Authors contributions
	Acknowledgments
	mk:H1_26
	Data availability
	mk:H1_28
	References


	2020



