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Welcoming to Bromont, Québec! 

 
Dear Friends and Colleagues, 

Welcome to the 2019 edition of the joint meeting of the Great Lakes GPCR Retreat and Le 
Club des Récepteurs à Sept Domaines Transmembranaires du Québec. For this historical 
edition of the GPCR Retreat, we have a record number of 247 participants and 128 poster 
presentations!  

For our 20th anniversary, the Scientific Program committee has put together an outstanding 
program which includes world-renowned scientists and pioneers in the field of GPCR structure 
and biology: Drs Robert Lefkowitz, Brian Kobilka, and Raymond Stevens. 

Over the past 20 years, the GPCR Retreat meeting has grown to become internationally 
recognized as a landmark meeting for presenting and discussing innovative and pioneering 
research on GPCR biology. The guiding principle of the GPCR retreat is to encourage discussion 
of unpublished results and ideas at the very frontier of GPCR research. The organizers 
have always placed a strong emphasis on supporting and including trainees to ensure 
the formation of the next generation of scientists in the field. Indeed, a session dedicated to 
trainees’ oral presentations has been introduced on the first day of the meeting. Furthermore, 
this year more than 100 undergraduate students in pharmacology, pharmaceutical sciences and 
related disciplines will be present on the first day of the meeting, which will provide a unique 
opportunity for them to see graduate trainees presenting their work as well as to attend to the 20th 
Anniversary special lecture to be given by the Nobel laureate Robert Lefkowitz. 
  
The 20th anniversary of the GPCR retreat is also an opportunity to highlight how the understanding 
of GPCRs has evolved to encompass not only the characterization of their structures but also the 
complexity of their signaling, regulation, interactions and functions in myriads of biological 
systems. This spectacular evolution has led to new concepts of how receptors can be regulated 
pharmacologically or for the development of better molecules addressing various 
pathophysiological conditions. In short, the GPCR field has never been more dynamic! 
 
We are particularly thankful to our academic, governmental and corporate sponsors that have 
made this event possible. We invite you to discuss with those that are present at the meeting and 
visit their booths. We would also like to extend special thanks for the continuous and generous 
support of the Seger Van Tol family through their contribution to the Hubert Van Tol Memorial 
Symposium. 
 
Like always, it is you the participants that make it all worthwhile and we hope that you will 
experience an enriching 20th Great Lake GPCR Retreat and that you will interact, discuss and 
freely enjoy the meeting as well the hospitality and surroundings of Chateau Bromont. 
 
Wishing you all a great meeting! 
 
Louis Gendron 
Christine Lavoie   
Stéphane Laporte 
Richard Leduc   
Eric Marsault 
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“Domain Therapeutics is a privately-owned biopharmaceutical company located in 
Strasbourg, France, and Montreal, Canada. The company is a key player in the discovery 
and development of therapeutics (small molecules and biologics) targeting G Protein-
Coupled Receptors in neurology, oncology and rare diseases.  
 
Domain Therapeutics progresses its pipeline internally until drug candidate nomination 
and further develops them up to Phase II through asset-centric companies supported by 
major biotech venture funds (Medicxi, Merck Venture, Seroba, Forbion…). Domain’s 
innovative business model has gained validation through the acquisition of Prexton 
Therapeutics in 2018 by Lundbeck for 100M€ upfront (900M€ deal). Prexton was the 
asset-centric company developing Foliglurax™ for Parkinson’s disease, a drug 
discovered by Domain, currently in Phase II. 
 
The company also provide access to its two novel platform technologies, bioSensAll™ 
and DTectAll™, to Pharma/Biotech partners through R&D collaborations (Merck KGaA, 
Pfizer, Boehringer Ingelheim) or through non-exclusive licenses (Alkermes, BMS). 
 
Domain has already secured more than 30M€ revenues from R&D collaborations and 
60M€ from venture fund investment in five single-asset companies. “ 
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PROGRAM  
 

 
11:30  Arrival and registration 
 
13:30 Welcoming Remarks by Louis Gendron 
  Room: Grands Salons ABC 
 
  
Trainee Research showcase (10 min talks, 5 min Q/A) 
  
13h45  Shane Wright, Karolinska Institutet 

“A conserved molecular switch in Class F receptors regulates receptor 
activation and pathway selection” 
 

14h00  Jace Jones-Tabah, McGill University 
“Development of FRET Photometry to Track Dopamine Receptor-Dependent 
Protein Kinase Signalling in Parkinson’s Disease and L-DOPA Induced 
Dyskinesia” 

 
14h15   Kévin Leguay, Université de Montréal 

“ERM proteins act downstream of the GPCR TBXA2R to regulate cell motility 
in breast cancer cells” 

 
14h30  Khaled Abd-Elrahman, University of Ottawa Brain and Mind Institute 

“mGluR5 regulates Amyloid β-mediated signaling and pathology in a sex-
specific manner” 
 

14h45   Duncan Mackie, University of North Carolina 
“RAMP3 determines rapid recycling of atypical chemokine receptor-3 for 
guided angiogenesis 

 
15h00   Jade Degrandmaison, Université de Sherbrooke 

“Regulation of δ-opioid receptor trafficking by protein arginine N-
methyltransferase 5 (PRMT5)” 

 
15h15   Abigail Walker, Imperial College London 

“Reprogramming prostaglandin EP2 signalling in the pregnant human 
myometrium from an anti- to a pro-labour receptor via crosstalk with the 
oxytocin receptor” 

 
15h30   Hannah Stoveken, Scripps Research Florida Campus 

“The Orphan Receptor GPR139 is a Novel Negative Modulator of Mu Opioid 
Receptor Signaling” 

 
15:45  Coffee Break 
 
 
 
 

THURSDAY SEPTEMBER 26th  
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16:15 Welcoming Remarks by Richard Leduc and Stephen Ferguson 
 
16:30  SPECIAL 20th ANNIVERSARY CONFERENCE 

Chair: Stéphane Laporte 
 
  Robert J. Lefkowitz, Duke University, USA,     

Nobel Laureate in Chemistry in 2012 for studies of GPCRs 
 
“From Binding to Biophysics: My 50 Years (and Counting) of GPCR Research” 

 
17:30  Welcome reception and Poster Session I (odd numbered posters) 
  Room: Salons Knowlton & Nouvelle Angleterre  
 
19:30  Dinner - Grands Salons ABC 
 
 
 

 
6:30 Breakfast- Les Quatre Canards  
 
8:30 HYMAN NIZNIK PLENARY CONFERENCE 
 Chair: Martin Audet 
 
 Raymond C. Stevens, University of Southern California, USA 

“GPCRs and Beta Cells“  
9:30  Coffee Break 
 
 

 
 9:45  Andrew C. Kruse, Harvard University, USA 

“Mechanisms of angiotensin receptor activation” 
  
10:10 Nagarajan Vaidehi, Beckman Research Institute of the City of Hope, USA 

“The Nexus of Sequence, Structure & Dynamics to understand the mechanism of 
GPCR coupling promiscuity” 

  
10:35  Scott Prosser, University of Toronto, Canada 

“Evaluating Allosteric Pathways in GPCRs – A Spectroscopic Study of the 
Adenosine A2A Receptor“ 

   
11:00  Coffee Break 
 
 
 

FRIDAY SEPTEMBER 27th  

SESSION 1: STRUCTURAL AND DYNAMIC ASPECTS OF GPCRs 
Chair: Patrick Giguère  
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11:15  Stephane Laporte, McGill University, Canada 

“Functional selectivity profiling of GPCRs using BRET sensors and bioorthogonal 
labeling” 

 
11:40  Jean-Philippe Pin, Univ. Montpellier, CNRS, INSERM, France 

“Heterodimeric mGluRs, facts and reality” 
 
12:05  Graciela Piñeyro, Université de Montréal, Canada 

“Ligand- and cell-specific signaling by GPCRs: Insights from cannabinoid 
ligands” 

 
12:30 Lunch - Les Quatre Canards and Bistro 
 
    

 
14:00  Michel Bouvier, Université de Montréal, Canada 

“Illuminating GPCR signalling and trafficking by BRET; A 20 year perspective” 
  
14:25  Marc Caron, Duke University, USA 

“Leveraging bias signaling at the Neurotensin Receptor 1 to manage 
psychostimulant abuse” 

 
14:50  Heidi Hamm, Vanderbilt University, USA 

“GPCR and Gβγ mediated presynaptic inhibition through direct interaction with the 
SNARE complex“ 

 
15:15  Coffee Break 
 
  

 
15:30  Paul Albert, University of Ottawa 

“The 5-HT1A autoreceptor: a double-edged regulator of serotonin activity and 
response to antidepressants” 

 
15:55  Brigitte Kieffer, Douglas Hospital Research Center, Canada 

“Neural GPCRs and brain connectivity” 
 
16:20  Stefano Marullo, Institut Cochin, France 

“A pathogen uncovers a new mechanism of β2-adrenergic receptor activation” 
  
16:45  Coffee Break  

SESSION 2: GPCR SIGNALING AND TRAFFICKING I 
Chair: Terry Hébert 

  
 

Chair : 
 

SESSION 3: GPCR SIGNALING AND TRAFFICKING II 
Chair: Manoj Puthenveedu 

 

SESSION 4: PHYSIOLOGY AND MODEL ORGANISMS 
Chair: Louis Gendron  
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17:00 Poster Session #2 (even numbered posters) 
 Room: Salons Knowlton & Nouvelle Angleterre 
 
19:30 Dinner and Music (Trio de Jazz)- Grands Salons ABC 
   
21:30 Board Meeting (to discuss next retreat) –All PI’s are welcome to participate 
  

 
6:30 Breakfast- Les Quatre Canards  
 

8:30  Brian K. Shoichet, University of California, San Francisco, USA 
"Ultra-Large Library Docking for New Chemotypes with New Pharmacology" 

 
8:55  Craig W. Lindsley, Vanderbilt University, USA 

“From M4 PAMs to mGlu1 PAMs – New Targets for Schizophrenia” 
 
9:20 Brian Arey, Bristol Myers Squibb 

“Identification of a Class A GPCR Modulating Flow-induced Signaling Pathways in 
Endothelial Cells” 

  
9:45  Coffee Break 
 

 
10:15  Stéphane Angers, University of Toronto, Canada 

“Targeting Wnt signaling in cancer and tissue regeneration” 
 
10:40  Greg Tall, University of Michigan, USA 

“GPR56 is a shear force sensor” 
 
11:05  Madan Babu, Cambridge, UK 

“Understanding variation in the GPCR signaling system” 
 
11:30 HUBERT VON TOL CONFERENCE 

Chair: Michel Bouvier 
  
  Brian K. Kobilka, Stanford University School of Medicine,USA 
 Nobel Laureate in Chemistry in 2012 for studies of GPCRs 

“Structural insights into the dynamic process of GPCR signaling” 
     
12:30 Closing Remarks 
 
12:45 Lunch and Farewell – BBQ on the Terrasse 

SATURDAY SEPTEMBER 28th  

SESSION 5: DRUG DISCOVERY 
Chair: Eric Marsault 

 
Chair : 

 

SESSION 6: NON-CONVENTIONAL ASPECTS of GPCRs 
Chair: Audrey Claing 
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Poster session #1 (Sept 26th, 5:30 PM): Odd numbers 
Poster session #2 (Sept 27th, 5:30PM): Even numbers 

 
POSTER LIST 

 
1 - GPCR Focused Antibody Libraries Modeled on Natural Binding Motifs and 

Patented GPCR Antibodies 
Aaron Sato 
 

2 -  VEGAS as a Platform for Facile Directed Evolution in Mammalian Cells 
Justin English 

 
3 -  Visualizing GPCR-RAMP Interactions by Proximity Ligation Assay  

Ilana B Kotliar 
 
4 -  Reprogramming prostaglandin EP2 signalling in the pregnant human 

myometrium from an anti- to a pro-labour receptor via crosstalk with the 
oxytocin receptor. 
Abigail Walker 
 

5 -  The role of EP2 trafficking on G protein signalling and inflammation. 
Abigail Walker 

 
6 -  Distribution of delta and mu receptors in rat dorsal root ganglia neurons 

Béatrice Quirion 
 
7 -  Dynamic identification of novel interacting proteins involved in opioid 

receptors signaling 
Alexandre Bergeron 
 

8 -  Regulation of δ-opioid receptor trafficking by protein arginine N-
methyltransferase 5 (PRMT5) 
Jade Degrandmaison 
 

9 -  Unraveling the Selectively Promiscuous Chemokine Network via in-silico 
Modeling and Site Directed Mutagenesis 

  Michael Wedemeyer 
 
10 -  NMR reveals ligand-specific structural features in the β2-adrenergic receptor.  

Omar Benoni Sanchez Reyes 
 
11 -  The active delta-opioid receptor crystal structure in complex with peptide and 

small molecule agonists 
Tobias Claff 
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12 -  Signal transduction through reciprocal conformational selection 
Shuya K. Huang 

 
13 - Orphan GPCR distribution across multiple organs at the single cell level  

Yi-Ting Chiu 
 
14 - Accelerating the throughput of affinity mass spectrometry-based ligand 

screening towards GPCRs 
Wenqing Shui1 

 
15 - Biophysical Characterization of Gβγ Subunit Specificity in the Gβγ—SNARE 

Interaction 
Haley Stubbs 

 
16 - Dominance of ovarian follicles is determined by follicle-stimulating hormone 

receptor (FSHR) and G protein-coupled estrogen receptor (GPER) heteromers. 
Clara Lazzaretti 

 
17- Opsin Engineering for Next-Generation GPCR-Optogenetics 

Ajith Karunarathne 
 
18 - Non-canonical GαiGTP and Gβγ signaling of melanopsin (Opn4) support its 

functional diversity 
Dinesh Kankanamge 

 
19 - ERM proteins act downstream of the GPCR TBXA2R to regulate cell motility in 

breast cancer cells 
Kévin Leguay 

 
20 - Olfactory receptors diversify olfactory sensory neuron transcriptomes 

David H Brann 
 
21 - A new pharmacological method for quantifying signaling kinetics and biased 

agonism 
Samuel Hoare 

 
22 - Divergent G protein signal control at the very early endosome from the dually 

coupled luteinizing hormone receptor 
Rachel Richardson 

 
23 - RAMP3 determines rapid recycling of atypical chemokine receptor-3 for guided 

angiogenesis 
Duncan Mackie 

 
24 - Statins differentially impair farnesylation and geranylgeranylation of G proteins 

and disrupt Gβγ signaling 
  Mithila Tennakoon 
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25 - A conserved “triad switch” mediates G protein dissociation and signal 
activation 
Kevin Knight 

 
26 - Discovery of First-in-Class Small Molecule Adhesion GPCR Modulators 

Alexander Vizurraga 
 
27 - New views of intracellular diacylglycerol dynamics in the living cell. 

Paul Tewson 
 
28 -  Probing the cellular function of the Adhesion GPCR Autoproteolysis-Inducing 

domain through the analysis of cancer-related mutations affecting 
Latrophilin3 
Avila-Zozaya M 

 
29 -Cryo-EM structure of the native rhodopsin dimer in nanodiscs 

Dorothy Yanling Zhao 
 
30 - Probing GPCR Allosteric Pockets Using Genetic Code Expansion and 

Bioorthogonal Chemistry 
Jordan Mattheisen 
 

31 - Trans-synaptic scaffolding and allosteric modulation of group III mGluRs 
temper neuropsychiatric manifestations 
Henry A. Dunn 
 

32 - Membrane-tethering peptides derived from intracellular loops 2 and 3 of the 
urotensin II receptor act as allosteric agonists promoting Gq/Gi activation, 
EGFR transactivation and fibroblasts proliferation 
Hassan Nassour 

 
33 - The Orphan Receptor GPR139 is a Novel Negative Modulator of Mu Opioid 

Receptor Signaling 
Hannah Stoveken 

 
34 - Mitochondrial GPCRs: import pathway and function of the delta-opioid receptor 

(DOPr) 
Samuel Génier 

 
35 - Potent analgesia without adverse effects produced by the first NTS2 highly-

selective macrocyclic neurotensin (8-13) analog 
  Magali Chartier 
 
36 - Optimization of NTS2-selective neurotensin(8-13) analogs to relieve bone 

cancer pain 
Lagard Camille 
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37 - Optimization of the affinity and selectivity of macrocyclic analogues of 
neurotensin  
Michael Desgagné 

 
38 - Highway to NMR 

Vanessa Boritzki 
 

39 - Uveal Melanoma Oncogene CYSLTR2 Encodes a Constitutively Active GPCR 
Highly Biased Toward Gq Signaling that Weakly Recruits β-arrestins 
Mizuho Horioka 

 
40 - Decreased anxiety-like behaviors in rats experiencing chronic inflammatory 

pain following central delivery of NTS2-selective analgesics 
Melanie Vivancos 

 
41 - A conserved molecular switch in Class F receptors regulates receptor 

activation and pathway selection 
Shane C. Wright 

 
42 - Monitoring signaling and trafficking of Neurotensin Type 1 Receptor in knock-

in mice using fluorescent-based methods. 
Pierre Couvineau 
 

43 - Vascular smooth muscle cells invasion is regulated by ARF6 
Émilie Fiola Masson 

 
44 - Role of optineurin in mGluR5-mediated regulation of autophagy 

Caitlyn McLaren 
 
45 - Single-nucleotide polymorphisms and cancer susceptibility: the case of the 

human neurotensin receptor type 1 (NTS1) 
Emilie Eiselt 
 

46 - A Negative Allosteric Modulator (NAM) Blocks Allosteric Modulation of GPR68 
by Divalent Metal Ions 
Xi-Ping Huang 
 

47 - Evidence for an intranuclear β1-adrenergic receptor signaling pathway in 
astrocytes 
Kelsey C. Benton 

 
48 - An Open-Source, Next-Generation Biosensor Platform for Comprehensive 

GPCR Screening 
Ryan T. Strachan 
 

49 - Structural insights into class B GPCR activation 
Lynn Liang 
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50 - Ligand-specific mechanisms of cellular tolerance by delta opioid receptor 
(DOR) agonists 
Ahmed Mansour 
 

51 - PRMT5 as a new regulator of β3 adrenergic receptor 
Pierrick Moreau 
 

52 - mGluR5 antagonism prevents and recovers motor deficits in a virus-fibril 
inducible mouse model of Parkinson’s disease. 
Samantha C. Bureau 
 

53 - Bias factor toward β-arrestin-2 predicts analgesic efficacy at apelin receptor 
Élie Besserer-Offroy 

 
54 - Dichotomic efficacy of orthosteric blockade or pepducin-based allosteric 

antagonism of the CCR2 receptor in the pathophysiology of chronic pain 
Élora Midavaine 

 
55 - mGluR5 regulates Amyloid β-mediated signaling and pathology in a sex-

specific manner 
Khaled Abd-Elrahman 

 
56 - Activation of ZBTB16-mediated autophagic clearance of Amyloid β in APPswe 

mice following mGluR5 blockade is disease stage-dependent  
Khaled Abd-Elrahman 

 
57 - Nano-TANGO: High-Throughput Screening of Nanobodies Against GPCRs 

Samuel Slocum 
 
58 - A Dual-Dual Expression System for Purification of G Protein Alpha Subunits 

and Heterotrimers 
Maiya Yu 
 

59 - Intracellular trafficking and signaling of the mu-opioid receptor variant N40D 
Caroline Hernandez-Casner 

 
60 - CHARACTERIZING THE CELL BIOLOGY OF PROTON-SENSING RECEPTOR 

GPR65 
Loyda Morales-Rodriguez 

 
61 -  Novel anti-Glucagon-like peptide-1 receptor (GLP-1R) antibodies with agonistic 

and antagonistic properties 
Burcu Hasdemir 
 

62 - Loss of optineurin disrupts metabotropic glutamate receptor 5- mediated 
regulation of Akt/mTOR pathway 
Karim Ibrahim 
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63 - Characterization of a new Cell Penetrating Peptide as intracellular delivery tool. 
Andréanne Laniel 

 
64 - Development of Nanobodies Targeting the Angiotensin II Type I Receptor 

Meredith A. Skiba 
 
65 - Acyl-CoA oxidase 1 (ACOX1) interacts with the prostaglandin D2 (DP1) and 

thromboxane A2 (TPb) receptors. 
Marilou Boisvert 
 

66 - The P2Y6 receptor stimulates cell migration through two independent pathways 
involving Gαq and ROCK. 
Mélissa Girard 
 

67 - Construction of a Whole Cell Opioid Biosensor in Saccharomyces cerevisiae 
Will Cheney 

 
68 - Recycling of the DP1 receptor at the plasma membrane: identification of L-

PGDS as a new player in Rab4-dependent fast recycling 
Samuel Picard 
 

69 -Identifying functionally selective ligands through classification of 
comprehensive signaling profiles: Insights from virtual compounds 
Besma Benredjem 

 
70 - Targeting the CXCL12/CXCR4 axis to relieve bone cancer pain  in both male 

and female rats 
Alexandra Trépanier 
 

71 - High-throughput screening for AT1R trafficking reveals a new inhibitor of small 
G proteins 
Jenna Giubilaro 
 

72 - Novel Chemical Tools to Probe GPCR Pharmacology in a Live Cell BRET Assay 
Michelle E. Boursier 

 
73 - Use of new lipid nanoparticle formulations for in vivo delivery of messenger 

RNA in the central nervous system 
Kloé Neszvecsko 
  

74 - Structure-based design of macrocyclic peptides to generate functional 
antibodies against G-protein coupled receptors – Part 1:  Design and synthesis 
Pierre-Luc Boudreault 

 
75 - Development of FRET Photometry to Track Dopamine Receptor-Dependent 

Protein Kinase Signalling in Parkinson’s Disease and L-DOPA Induced 
Dyskinesia 
Jace Jones-Tabah 
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76 - Structure-based design of macrocyclic peptides to generate functional 

antibodies against G-protein coupled receptors – Part 2:  Potential therapeutic 
and diagnostic applications 
Marie-Edith Nepveu-Traversy 
 

77 - Homo-dimerization of GPCRs across classes using PIE-FCCS 
Grant Gilmore 
 

78 - Activation of Metabotropic Glutamate Receptor 2/3 as a potential approach to 
delay disease progression in zQ175 Huntington mice 
Si Han LI 

 
79 - The delta opioid receptor: A potential target for migraine therapy  

Sophie Berthiaume 
 
80 - Identification and Characterization of UBE2O as a New β-arrestin Interactor 

Badr Sokrat 
 
81 - Targeting pain with a cell-penetrating neurotensin type 1 receptor (NTS1) 

pepducin 
Rebecca Brouillette 

 
82 - ELABELA protects spontaneously hypertensive rats from salt-exacerbated 

cardio-renal dysfunction 
Xavier Sainsily 

 
83 - Genetic code expansion and photocross-linking identify β-arrestin binding 

modes to the angiotensin II type 1 receptor 
Yubo Cao 

 
84 - Regulation of mitochondrial morphology by the delta opioid receptor 

Laurie Côté 
 
85 - DREADD tool can be used to study Gα protein signaling in mitochondria  

Geneviève  Hamel  
 
86 - Gαq/11 and Gα12/13 interplay in prostaglandin F2α receptor signaling  

Dana Sedki 
 
87 - Optimizing IPSC-derived human neurons for drug discovery  

iness charfi 
 

88 -  AI-guided drug design yields best-in-class A2AR antagonist, EVOEXS21546, 
for cancer immunotherapy 
Katherine Lansu 
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89 -  Cell specific effects of cannabinoids in the frontal cortex of adolescent mice 
Derek Robertson 
 

90 - High Throughput Mutagenesis of FP Receptor Reveals Functional Selectivity 
Between Gαq/11 and Gα12/13 Activation 
Aaron  Cho 
 

91 -  iPSC models of the cardiovascular system to interrogate GPCR signalling and 
function 
Kyla Bourque 

 
92 - Ligand-induced and GAIN-targeted activation mechanism for an adhesion 

GPCR GPR110 (ADGRF1) 
Bill X. Huang 

 
93 - Spatiotemporal characterization of G protein β and γ subunit interactors via 

APEX2 labeling 
Jenny Lau 

 
94 - Regulation of phospholipase Cβ4 by oncogenic mutation and XLGalphas 

Hoa Phan 
 
95 - Towards the development of a yeast-based opioid biosensor 

Bjorn Bean 
 

96 - Adult CNS Axon Regeneration Enabled by GPR110 (ADGRF1) Activation  
Hee-Yong Kim 

 
97 -  Proteomic Screen for Novel Interactors of GPCR Heterodimers 

Elyssa Frohlich 
 
98 -  Dicer-substrate small interfering RNA to study GPCR function in physiological 

and pathological processes: the case of CCR2 in chronic pain 
Marc-Andre Dansereau 
 

99 - Identification of PDZ-RhoGEF as a Target of Gαi Signaling 
Naincy Chandan 

 
100 - Golgi localized beta1-adrenergic receptors stimulate Golgi PI4P hydrolysis by 

PLCɛ to regulate cardiac hypertrophy 
Wenhui Wei 
 

101 - Testing the functional selectivity of antipsychotic drugs at 5-HT2A receptors 
Supriya A. Gaitonde 
 

102 - A comprehensive analysis of serotonin receptor trafficking 
Elizabeth K. Unger 
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103 - Tackling the orphan GPCR—GPR52 

Xi Lin 
 

104 - Profiling allosteric compounds on follicle-stimulating hormone receptor 
activation-impact on oligomerization, signalling and trafficking 
Niamh Sayers 
 

105 - A novel interaction between Gβγ and RNA polymerase II regulates angiotensin 
II type I receptor-mediated transcription 
Ryan Martin 
 

106 - Activation of human Mas-related G protein-coupled receptor D induces 
release of IL-6, indicating a possible role of MRGPRD in the regulation of 
inflammatory mediators 
Rohit Arora 

107 - Structural basis of ligand selectivity and disease-related mutations in human 
Cysteinyl Leukotriene Receptors revealed by X-ray crystallography 
Anastasiia Gusach 
 

108 - Profiling the signaling repertoire of one hundred therapeutically-relevant 
human GPCRs  
Charlotte Avet 
 

109 - Structural basis for polypharmacological ligand bias: Implications for bitopic 
ligand design 
John D. McCorvy 

 
110 - Molecular Basis for Activation and Biased Signalling at the Platelet Thrombin 

Receptor Proteinase Activated Receptor-4 (PAR4) 
Pierre Thibeault 

 
111 - Adventures in fitting concentration response curves 

Paul Dallaire 
 
112 - Generation and characterization of monoclonal antibodies against GPCRs 

Anne Marcil 
 
113 - SYNERGISTIC ACTIVATION OF PLC-DEPENDENT DIACYGLYCEROL (DAG) 

PRODUCTION BY MU-OPIOID RECEPTORS AND Gq COUPLED RECEPTOR 
SIGNALING 
Gissell A. Sanchez 

 
114 - PDZ PROTEINS PLAY SEPARABLE ROLES IN ENDOCYTOSIS AND 

ARRESTIN-BASED SIGNALING OF THE β2 ADRENERGIC RECEPTOR 
Ian Chronis 
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115 - SYNTHETIC CANNABINOID RECEPTOR AGONIST WIN 55,212-2 INHIBITS 
PROTEIN EXPORT BY DISRUPTING STABILITY OF THE GOLGI APPARATUS 
Joshua E. Lott 

 
116 - Characterization of the metabotropic glutamate receptor conformational 

landscape 
Brandon W. Liauw 

 
117 - Mechanism of Activation and Modulation of the Calcium-Sensing Receptor 

Revealed by Single-Molecule FRET 
Michael Schamber 

 
118 - Interaction of arrestins with SH3 domains of Src-related non-receptor tyrosine 

kinases 
Sandra Berndt 

 
119 - Dynorphins stimulate distinct kappa opioid receptor trafficking and signaling 

Jennifer Kunselman 
 
120 -  Modulation of the neurotensin type 1 receptor by pepducins and by cell-

penetrating peptides mimicking its first intracellular loop. 
German de Armas-Guitart 

 
121 - Evaluating Allosteric Pathways in GPCRs – A Spectroscopic Study of an 

ensemble of States in the Adenosine A2A Receptor 
Aditya  Pandey 

 
122 -  Probing molecular signatures and allosteric networks of GPCR and G protein 

activation via Fluorine NMR 
Alexander Orazietti 

 
123 - Detection of allostery with rigidity propagation across GPCR networks 

Adnan Sljoka 
 
124 - GPR3 and the GPR3(R222H) polymorphism differentially modulate Aβ 

production 
Romain Drissi 

 
125 - Effects of the pharmacological chaperone UM0866 on the cell-surface 

expression and signalling profile of MC4R variants associated with early-
onset obesity 

  Suli-Anne Laurin 
 
126 - Gq coupled GPCRs affect Transient Receptor Potential cation channels 

Cécile Pétigny 
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127 - Biological activity of Cannabis extracts differs from that of mixtures 
containing corresponding ratios of pure Δ9-Tetrahydrocannabinol (THC) and 
Cannabidiol (CBD). 

  Giacomo Trottier 
 
128 - Estrogen receptors modulate metabotropic glutamate receptor type 5 in 

APPswe female mice model of Alzheimer’s disease 
Awatif Albaker 
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A conserved molecular switch in Class F receptors regulates 
receptor activation and pathway selection 
 
Shane C. Wright1, Paweł Kozielewicz1, Maria Kowalski-Jahn1, Julian Petersen1, Carl-
Fredrik Bowin1, Greg Slodkowicz2, Maria Marti-Solano2, David Rodríguez3, Belma Hot1, 
Najeah Okashah4, Katerina Strakova1, Jana Valnohova1, M. Madan Babu2, Nevin A. 
Lambert4, Jens Carlsson3, Gunnar Schulte1 

 

1Karolinska Institutet, 2MRC Laboratory of Molecular Biology, 3Uppsala University, 
4Augusta University 
 
Class F receptors are considered valuable therapeutic targets due to their role in human 
disease, but structural changes accompanying receptor activation remain unexplored. 
Employing population and cancer genomics data, structural analyses, molecular 
dynamics simulations, resonance energy transfer-based approaches and mutagenesis, 
we identify a conserved basic amino acid in TM6 in Class F receptors that acts as a 
molecular switch to mediate receptor activation. Across all tested Class F receptors 
(FZD4,5,6,7, SMO), mutation of the molecular switch confers an increased potency of 
agonists by stabilizing an active conformation as assessed by engineered mini G proteins 
as conformational sensors. Disruption of the switch abrogates the functional interaction 
between FZDs and the phosphoprotein Dishevelled, supporting conformational selection 
as a prerequisite for functional selectivity. Our studies reveal the molecular basis of a 
common activation mechanism conserved in all Class F receptors, which facilitates assay 
development and future discovery of Class F receptor-targeting drugs. 
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Development of FRET Photometry to Track Dopamine 
Receptor-Dependent Protein Kinase Signalling in Parkinson’s 
Disease and L-DOPA Induced Dyskinesia 
 
Jace Jones-Tabah1, Hanan Mohammad1, Shadi Hadj-Youssef1, Lucy Kim1, Paul B.S. 
Clarke1, Terry Hébert1 

 
1McGill University 
 
More than 50 years after the first Parkinson’s disease (PD) patients were treated with L-
DOPA, dopamine replacement therapy targeting striatal dopamine receptors remains the 
only effective pharmacotherapy for PD. While initially effective at relieving motor 
symptoms, the long-term use of L-DOPA or dopamine agonists leads to reduced 
therapeutic benefit and increased prevalence of adverse effects.  Long term use of L-
DOPA in particular is associated with the development of a hyperkinetic syndrome called 
L-DOPA-induced dyskinesia (LID) and thought to be caused in part by maladaptive 
alterations in striatal D1 dopamine receptor (D1R) signalling.  In the striatum, the D1R 
couples primarily to Gαolf and activates a cAMP/PKA/DARPP-32 signalling cascade that 
increases neuronal excitability, stimulates gene expression and facilitates synaptic 
plasticity. In order to detect D1R activation in vivo and study the progressive dysregulation 
of D1R signalling in PD and LID, we developed a FRET-photometry approach to 
fluorescently detect protein kinase A (PKA) and extracellular regulated kinase (ERK1/2) 
signalling in a rat model of PD during chronic L-DOPA treatment. We used viral vectors 
to express Förster resonance energy transfer (FRET) reporters in neurons of the dorsal 
striatum and used chronically implanted optic cannulae to perform FRET recording in 
conjunction with behavioral scoring over the course of L-DOPA treatment. Following a 
period of dopamine depletion, we showed that D1R signalling becomes sensitized, 
resulting in increased agonist-induced activation of PKA and ERK1/2. We further showed 
that L-DOPA induced signalling is potentiated by repeated administration and PKA is 
hyperactivated prior to and during the behavioral manifestation of LID. Lastly, our studies 
have shown that chronic treatment with L-DOPA does not result in desensitization of the 
D1R-dependent signalling suggesting that the mechanisms that would normally 
desensitize D1R signalling in response to an abundance of agonist are dysregulated in 
experimental Parkinsonism. Our approach allows us to detect temporal changes in 
signalling with cell-type specificity in behaving animals. The ongoing goals of this project 
are to continue to use in vivo-FRET photometry to gain further insights into the cell-specific 
changes in signalling, synaptic function and gene expression that mediate the therapeutic 
and adverse effects of dopamine replacement and to develop this technique as a new tool 
for the wider scientific community. 
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ERM proteins act downstream of the GPCR TBXA2R to 
regulate cell motility in breast cancer cells 
 
Kévin Leguay1, Barbara Decelle1, André Alvares Marques Vale1, Yu Yan He1, Mireille 
Hogue1, Hiroyuki Kobayashi1, Christian Le Gouill1, Michel Bouvier1,2, Sébastien  Carréno1,3 

 
1Université de Montréal, 2Département de biochimie et médecine nucléaire, 
3Département de pathologie et biologie cellulaire 
 
Introduction: Metastasis is correlated with poor prognosis. For instance, metastasis is 
responsible for 90% of death in breast cancer patients. Development of secondary tumors 
involves invasive cell migration from the primary to the second site and requires 
modification of the actin and microtubule cytoskeletons. Proteins of the ERM family (Ezrin, 
Radixin and Moesin) bridge these two cytoskeletons with the plasma membrane to control 
cell morphogenesis. ERM overexpression and over-activation were shown to promote 
metastasis development. Here, we show for the first time that a GPCR activates ERM, 
and that this activation could be involved in cell migration. 
Methods and Results: We developed conformational BRET sensors to follow activation 
of individual ERM. Using this tool, we discovered that TBXA2R activates all three ERM in 
HEK293T cells. We also showed that this activation is dependent of G12/13 and Gq/11 
subunits, the GTPase RhoA but not ROCK using CRISPR knockout cell lines 
and inhibitors. We also found that activation of TBXA2R increases the migration velocity 
and the directionality in Hs578T triple negative breast cancer cells.  
Conclusion and relevance: In this study, we discovered a new signaling pathway 
involving GPCR and ERM proteins. We also showed that activation of another GPCR 
PAR2 also induces ERM activation suggesting that this new pathway is conserved 
between different GPCR. Finally, we propose that TBXA2R could be a new potential target 
for anti-metastatic treatment in breast cancer. 
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mGluR5 regulates Amyloid β-mediated signaling and 
pathology in a sex-specific manner 
 
Khaled Abd-Elrahman1, Alison Hamilton1, Awatif Albaker1, Stephen Ferguson1 

 
1University of Ottawa Brain and Mind Institute 
 
Alzheimer’s disease (AD) is characterized by the accumulation of beta amyloid (Aβ) 
oligomers, causing neuronal loss and cognitive decline. Genetic or pharmacological 
silencing of mGluR5 rescued cognitive function and reduced Aβ aggregation in male 
APPswe/PS1ΔE9 (APPswe) mouse model of AD 1,2. The favorable outcomes of mGluR5 
silencing in male APPswe were attributed to the activation of a novel ZBTB16-medaited 
autophagic mechanism downstream of metabotropic glutamate receptor 5 (mGluR5) 3,4. 
Clinical and experimental evidence indicates a divergent AD pathology between males 
and female that warrant further investigation 5. Specifically, our results show that Aβ 
oligomers can activate mGluR5 and inhibit autophagy to further exacerbate AD-like 
pathology in neuronal cultures from male but not female mouse embryos.  Therefore, we 
employed the mGluR5-selective negative allosteric modulator (NAM), CTEP, to examine 
whether it will differentially modulate cognitive deficits and Aβ pathology in female and 
male APPswe mice and the potential underlying mechanism(s) of this differential 
regulation.  Six-month-old male and female APPswe and wild type mice were orally-
treated with either vehicle or CTEP every 48 hours (2mg/kg) for 12 weeks. All groups were 
assessed for changes in cognitive function in novel object recognition task and Morris 
Water Maze. Brains were harvested for biochemical and immunohistochemical analyses. 
Unlike males, CTEP treatment in female APPswe mice did not improve recognition scores 
of novel objects or time spent in target quadrant in Morris water maze. Vehicle-treated 
male and female APPswe mice exhibited higher level of Aβ oligomers and plaques as well 
as elevated markers of neurogliosis compared to control. To our surprise, CTEP 
significantly reduced Aβ burden and neuroglial activation only in male mice but not female 
APPswe mice. In addition, mGluR5 blockade in male APPswe mice enhanced GSK3β-
mediated ZBTB16 autophagic signaling and CREB-dependent expression of BDNF. 
However, the changes in autophagy, neuronal survival and glial activity markers that we 
detected in CTEP-treated male APPswe mice were not evident in similarly-treated 
females. We then quantified surface expression of mGluR5 and detected 2.5-fold increase 
in male yet 0.5-fold decrease in the female APPswe mouse hippocampus. We provide 
evidence, and for the first time, that some aspects of mGluR5 signaling in AD are not 
conserved between males and females due to differences in surface delivery of mGluR5 
and these sex-specific differences must be considered when embracing mGluR5 as a 
potential drug target for AD.   
1. Hamilton, A. et al. Cell Rep. 15, 1859–65 (2016); 2. Hamilton, A. et al. Mol. Brain 7, 40 (2014); 
3. Abd-Elrahman, K. S. et al. Mol. Brain 11, (2018); 4. Abd-Elrahman, K. S. et al. Sci. Signal. 10, 
eaan6387 (2017); 5. Hampel, H. et al. Front. Neuroendocrinol. 50, 31–51 (2018). 
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 RAMP3 determines rapid recycling of atypical chemokine 
receptor-3 for guided angiogenesis 
 
Duncan Mackie1, Natalie R. Nielsen1, Matthew Harris2, Smriti Singh1, Reema B. Davis1, 
Danica Dy1, Graham Ladds2, Kathleen M. Caron1 

 
1University of North Carolina, 2University of Cambridge 
 
Receptor activity-modifying proteins (RAMPs) are single transmembrane spanning 
proteins which serve as molecular chaperones and allosteric modulators of G protein 
coupled receptors (GPCRs) and their signaling pathways. Although RAMPs have been 
previously studied in the context of their effects on Family B GPCRs, the coevolution of 
RAMPs with many GPCR families suggests an expanded repertoire of potential 
interactions. Using BRET-based and cell surface expression approaches, we 
comprehensively screen for RAMP interactions within the chemokine receptor family and 
identify robust interactions between RAMPs and nearly all chemokine receptors.  Most 
notably, we identify robust RAMP interaction with atypical chemokine receptors (ACKRs), 
which function to establish chemotactic gradients for directed cell migration. Specifically, 
RAMP3 association with atypical chemokine receptor 3 (ACKR3) diminishes 
adrenomedullin (AM) ligand availability without changing G-protein coupling. Instead, 
RAMP3 is required for the rapid recycling of ACKR3 to the plasma membrane through 
Rab4-positive vesicles following either AM or SDF-1/CXCL12 binding, thereby enabling 
formation of dynamic spatiotemporal chemotactic gradients. Consequently, genetic 
deletion of either ACKR3 or RAMP3 in mice abolishes directed cell migration of retinal 
angiogenesis. Thus, RAMP association with chemokine receptor family members 
represents a novel molecular interaction to control receptor signaling and trafficking 
properties. 
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Regulation of δ-opioid receptor trafficking by protein arginine 
N-methyltransferase 5 (PRMT5) 
 
Jade Degrandmaison1,2,4,5, Marie Ethier1,4, Pierrick Moreau1,4, Véronique Blais2,4,5, 
Christine Lavoie2,4, Louis Gendron2,3,4,6, Jean-Luc Parent1,4 

 
1Department of Medicine, 2Department of Pharmacology-Physiology, 3Department of 
Anesthesiology, 4Faculty of Medicine and Health Sciences, Université de Sherbrooke, 
5Quebec Network of Junior Pain Investigators, 6Quebec Pain Research Network 
 
Despite their limited antinociceptive effects in acute pain models, δ-opioid receptor 
(DOPr)-selective agonists have shown analgesic efficacy in several chronic pain models, 
including neuropathic, inflammatory, diabetic and cancer-related pain, while exhibiting 
milder undesired effects than most clinically available opioids. Moreover, we and others 
have previously observed a correlation between the translocation of DOPr from the 
intracellular compartments to the plasma membrane and the increase of DOPr agonist-
mediated analgesic effects. In order to study the molecular and cellular mechanisms 
regulating DOPr trafficking in vivo, we performed LC-MS/MS analyses on 
immunoprecipitated FLAG-DOPr from brain lysates of our newly generated and 
characterized FLAG-DOPr knockin mice. In addition to identifying the protein arginine 
methyltransferase 5 (PRMT5) and its cofactor WDR77 as novel endogenous DOPr-
interacting partners, our proteomic analyses also revealed that two arginines (Arg) 
residues located in the third intracellular loop (ICL3) of DOPr, namely the Arg241 and 
Arg244, were dimethylated. By catalyzing the formation of Arg methylation, PRMT5 has 
been shown to regulate several cellular processes, such as transcriptional regulation, 
differentiation, trafficking of an ion channel and, more recently, signaling of the D2-like 
dopamine and SER-2 tyramine receptors through the methylation of Arg residues located 
in their ICL3. Therefore, after confirming the interaction between the human orthologs of 
DOPr and PRMT5 by co-immunoprecipitation assays in HEK 293 cells, we investigated 
the role of PRMT5 in DOPr trafficking. ELISA assays performed in HEK 293 cells revealed 
that overexpression of PRMT5 resulted in decreased DOPr cell surface expression. 
Conversely, PRMT5 expression knockdown with two different DsiRNAs or treatment with 
the highly specific PRMT5 inhibitor GSK3235025 resulted in increased DOPr cell surface 
expression. Interestingly, cell surface expression of the µ-opioid receptor (MOPr), which 
displays a Lys instead of an Arg at position 241, was not significantly altered when PRMT5 
expression was downregulated by DsiRNAs, thus indicating that PRMT5 displays a 
certain specificity towards DOPr. To our knowledge, this is the first report of the 
involvement of PRMT5 in the regulation of a GPCR trafficking.  
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Reprogramming prostaglandin EP2 signalling in the pregnant 
human myometrium from an anti- to a pro-labour receptor via 
crosstalk with the oxytocin receptor. 
 
Abigail Walker1, Aylin Hanyaloglu1, Camilla Larsen1, Shirin Khanjani1, Phillip Bennett1 

 
1Imperial College London 
 
In the human pregnant myometrium the prostaglandin E2 receptor, EP2, is a dually 
coupled G protein coupled receptor (Gαs and Gαq/11), enabling it to mediate both 
myometrial quiescence (anti-labour) and pro-inflammatory pathways (pro-labour) (1). 
Following the onset of labour, EP2 signalling is reprogrammed to favour the pro-
inflammatory pathway via unknown mechanisms. Oxytocin receptor (OTR) signalling, via 
Gαi/o and Gαq/11, is critical for labour and may be crucial for altering EP2 signalling at 
the onset of labour. Myometrial biopsies were taken from term pregnant women 
undergoing caesarean section either, before or after the onset of labour. Using an EP2-
selective agonist, butaprost, cAMP signalling was significantly decreased following the 
onset of labour with an enhanced ability to increase levels of pro-labour/pro-inflammatory 
pathways, COX-2 and IL-6. However, in these OT/OTR primed, in labour, samples, EP2-
mediated pathways exhibited sensitivity to Gαi inhibitor pertussis toxin. The role of 
OT/OTR in mediating these alterations in G protein signalling was confirmed by in vitro 
pre-treatments of OT. To determine if OTR and EP2 mediate these events via direct 
associations, their ability to dimerize was measured via proximity ligation assay in primary 
myometrial cells and using bioluminescence energy transfer and super-resolution photo-
activated localisation microscopy in HEK 293 cells. This revealed constitutive association 
between EP2 and OTR. These results demonstrate that in vivo exposure to oxytocin 
reprograms EP2 signal activity, enhancing pro-inflammatory mediators via Gαi/o 
pathways, instead of Gαq/11 pathways, to elicit an inflammatory, pro-labour response. 
OTR-EP2 heteromers are constitutive and may form multiple distinct signalling complexes 
to reprogram prostaglandin EP2 signalling during labour offering the potential for novel 
therapeutic strategies for pre-term or post-term labour management. 
1) Kandola M et al, (2015). EP2 receptor activates dual G protein signaling pathways that 
mediate contrasting proinflammatory and relaxatory responses in term pregnant human 
myometrium. Endocrinology 155: 605-617 
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The Orphan Receptor GPR139 is a Novel Negative Modulator 
of Mu Opioid Receptor Signaling 
 
Hannah Stoveken1, Dandan Wang1, Stefano Zucca1, Cesare Orlandi1, Ikuo Masuho1, 
Maria Dao1, Brock Grill1, Kirill Martemyanov1 

 
1Scripps Research Florida Campus 
 
Opioid addiction and accidental overdose have arisen as national health crises, creating 
a need for safer therapeutics for pain management. The primary mediator of analgesia is 
the mu opioid receptor (MOR), a G protein coupled receptor (GPCR) that signals through 
Gi/o class of G proteins to downstream effectors including adenylyl cyclase, voltage-gated 
calcium channels, and GIRK channels. There are multiple known regulators of MOR 
signaling that function to tune or terminate signaling. Prominent examples include 
regulator of G protein signaling (RGS) proteins and β-arrestin. We hypothesized there 
may be undiscovered negative MOR regulators that could modulate MOR signaling to 
lessen unwanted opioid side effects. To test this, we developed an unbiased forward 
genetic screen in MOR-expressing c. elegans to identify possible new regulators. We 
uncovered the orphan GPCR GPR139 as a novel modulator of MOR signaling. GPR139 
and MOR co-localize in relevant brain regions and mice lacking GPR139 are 
hypersensitive to opioid analgesics. Agonist-induced GPR139 activation also decreased 
morphine sensitivity across multiple measures of antinociception. Further, GPR139 
activation decreased morphine intake in a morphine self-administration paradigm, among 
other opioid-related behaviors. The exact molecular mechanism(s) of how GPR139 
activation and signaling can modulate MOR downstream signaling is an area of active 
inquiry. We ran a battery of in vitro signaling assays to determine the potential nexus of 
GPR139 regulation. We examined the effect of GPR139 on multiple parameters of MOR 
signaling and trafficking and found that GPR139-Gq signals in an opposing manner to 
MOR-Go signaling at multiple points in the cascade to yield the robust electrophysiological 
and mouse behavioral phenotypes we observed. Overall, this project has discovered a 
novel, druggable MOR signaling regulator and examines the molecular underpinnings of 
this exciting, new therapeutic target. 
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SPECIAL 20th ANNIVERSARY CONFERENCE 
 
From Binding to Biophysics: My 50 Years (and Counting) of 
GPCR Research 
 
Robert Lefkowitz1 

 
1Duke University Medical Center 
 
I will trace the arc of my research journey beginning at the National Institutes of Health in 
1968, at a time when neither the receptors nor the G-proteins had been discovered right 
up until the present. My theme is that although the experimental methods employed have 
evolved dramatically over this period, the fundamental questions have remained 
surprisingly constant. 
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HYMAN NIZNIK PLENARY CONFERENCE 
 
GPCRs and Beta Cells 
 
Raymond Stevens1 

 
1University of Southern California and iHuman Institute, ShanghaiTech University 
 
Based on the decades long and strong foundation of GPCR research from scientists 
around the world, we now have an improved understanding of the structure and function 
of this impressive and important protein family.  For our own research, we are now 
focused on studying the complex network of GPCRs that control pancreatic beta 
cells.  Although the class B GPCR called glucagon like peptide 1 (GLP1) receptor receives 
much of the focus, we are curious about the dozen plus other receptors that also play a 
role in beta cell structure and function and in particularly their role in insulin trafficking and 
signaling.  By taking a whole cell modeling approach towards understand beta cells, with 
a GPCR centric focus, we hope to be able to develop next generation therapeutics for the 
treatment of diseases that involve pancreatic beta cells. 
  



 33 

 

 
Mechanisms of angiotensin receptor activation 
 
Andrew C. Kruse1 
1Harvard University, USA 
 
 
 
 
 
 
 
 
 
The Nexus of Sequence, Structure & Dynamics to understand 
the mechanism of GPCR coupling promiscuity 
 
Nagarajan Vaidehi1 
1Beckman Research Institute of the City of Hope, USA 
 
  

SESSION 1: STRUCTURAL AND DYNAMIC ASPECTS OF GPCRs 
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Evaluating Allosteric Pathways in GPCRs – A Spectroscopic 
Study of the Adenosine A2A Receptor 
 
Scott Prosser1, Libin Ye1,3, Aditya  Pandey1, Alexander Orazietti1, Reizel Pejana1, Nicolas 
Villanueva2, Ned Van Eps1, Roger Sunahara2, Oliver Ernst1 

 
1University of Toronto, 2University of California San Diego, 3University of South Florida 
G protein-coupled receptors (GPCRs) control a multitude of signaling pathways and are 
among the most important drug targets in pharmacology. In response to a specific 
extracellular input, a single GPCR may interact with multiple G-proteins, kinases, b-
arrestins, and other receptors, thereby initiating a wide range of signaling outputs. This 
promiscuous response is a consequence of a complex and flexible allosteric network, 
which governs protein interactions and signal bias. To understand this allosteric network 
in the adenosine A2A receptor (A2AR), we utilized 19F NMR and pulsed EPR (DEER) 
spectroscopy via site-directed labeling in order to evaluate the response of individual 
transmembrane helical domains, TM5, TM6, and TM7 to orthosteric ligand (inverse 
agonist, partial agonist, agonist) and G-protein or G-protein mimic. In cholesteryl 
hemisuccinate (CHS) and 2,2-didecylpropane-1,3-bis-β-D-maltopyranoside (LMNG) 
detergent micelles, one inactive and two active spectroscopic signatures are observed for 
TM5-7, using both NMR and double electron–electron resonance (DEER) 
spectroscopy.  TM7 is characterized by a high proportion of an active signature under 
basal conditions. This active orientation of TM7 further stabilizes an activation 
intermediate state associated with TM5 and TM6 and predisposes the receptor to basal 
signaling. Much of the free energy associated with the activation process and allosteric 
enabling of the receptor is believed to arise from the dissociation of a sodium ion upon 
agonist binding. This is discussed in the context of recent 23Na NMR measurements, 
meant to address sodium binding and exchange dynamics during the activation process 
 
 
 
Structural biology of lipid-binding receptors 
 
Martin Audet1,2 
1University of Southern California, 2Université de Sherbrooke 
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Functional selectivity profiling of GPCRs using BRET sensors 
and bioorthogonal labeling. 
 
Stéphane Alain Laporte1 

 
1Department of Medicine, McGill University 
 
G protein-coupled receptors (GPCRs) can be distinctly directed in their signalling 
behaviours either by ligands or mutations in their genes.  Understanding the diversity by 
which receptors signal through different G proteins and β-arrestin is pivotal to develop 
more efficacious therapeutics. In this presentation, I will discuss how using BRET-based 
sensors, we investigated ligand-mediated signalling diversity, and how these tools were 
used in combination with high-throughput mutagenesis of receptors, to identify critical 
residues in the angiotensin II type 1 (AT1R) and prostaglandin F2 (FP) receptors for 
selective G protein signalling, and for engineering biased signalling receptors. I will 
discuss how we also applied genetic code expansion using unnatural photo-reactive 
amino acids and photocross-linking of receptors to vet β-arrestin’s mode of binding to 
AT1R, and to demonstrate that in biased signalling conditions, β-arrestin/receptor 
complex conformations are differentially modulated.  Our approaches and findings have 
allowed us identifying mechanisms and means for specifically directing GPCRs signalling, 
which could help in the development of the next generation of biased drugs aimed at this 
class of receptors.  
 
 
 
 
Heterodimeric mGluRs, facts and reality 
 
Jean-Philippe Pin1 
1Université Montpellier, CNRS, INSERM, France 
  
  

SESSION 2: GPCR SIGNALING AND TRAFFICKING I 
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Ligand- and cell-specific signaling by G protein-coupled 
receptors (GPCRs): Insights from cannabinoid ligands.  
 
Graciela Pineyro1 

 
1Department of Pharmacology and Physiology Université de Montréal, Ste-Justine 
Hospital Research Center 
 
Our understanding of GPCR signaling has considerably evolved over the last two decades 
opening novel opportunities for the rational development of therapeutic ligands. The 
demonstration that receptors pleiotropically couple to multiple cellular effectors and the 
conceptualization of biased agonism have been key in this advancement, raising the 
possibility of producing more efficacious and better tolerated drugs. Taking advantage of 
these opportunities requires comprehensive profiling of drug signaling properties, 
quantitative analysis of these signaling signatures to generate pharmacodynamic 
parameters and systematization of multidimensional signaling according to similarities in 
these parameters. Moreover, as we advance in the development of novel biased ligands 
we must take into account how cellular background influences ligand responses. I will 
present examples of multidimensional signaling profiles generated at cannabinoid 
receptors (CB1 and CB2), consider alternative uses of the operational model to generate 
pharmacodynamic parameters for ligand classification, and will present examples of cell-
specific responses of cannabinoid ligands in murine frontal cortex.           
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Illuminating GPCR signalling and trafficking by BRET; A 20 
year perspective 
 
Michel Bouvier1 

 
1Université de Montréal - Faculté de Médecine 
 
Over the years, my group in collaboration with many other teams developed and used a 
large numbers of bioluminescence resonance energy transfer (BRET)-based sensors that 
allow to probe G proteins-coupled receptor (GPCR) signaling and trafficking in real time 
throughout their activation and regulation cycles in living cells.  In the spirit of this 20th 
anniversary of the Great Lakes GPCR retreat, I will review the history of 
their conception and how they were used to study various aspects of receptors, G proteins 
and βarrestins biology including: their oligomeric assembly, activation, post-translational 
modifications and trafficking. I will also present how new BRET-based sensors 
reveal a link between GPCR and cell migration and invasion through activation of ERM 
proteins.   
  

SESSION 3: GPCR SIGNALING AND TRAFFICKING II 
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Leveraging bias signaling at the Neurotensin Receptor 1 to 
manage psychostimulant abuse 
 
Marc. C. Caron1 

 
1Department of Cell Biology, Medicine and Neurobiology, Duke University Medical 
Center 
 
Small molecule neurotensin receptor 1 (NTSR1) agonists have been pursued for more 
than 40 years as potential therapeutics for psychiatric disorders, including drug addiction. 
However, clinical development of current NTSR1 agonists is prohibited by their severe 
side effects. Here, we identify and characterized an interesting allosteric NTSR1 
modulator, SBI-553, that not only exhibits β-arrestin activity on its own, but also extends 
profound β-arrestin bias to the endogenous ligand by selectively antagonizing G protein 
signaling. SBI-553 shows efficacy in animal models of psychostimulant abuse, including 
cocaine self-administration, without the dose-limiting side effects characteristic of 
balanced NTSR1 agonism. These findings indicate that NTSR1 G protein and β-arrestin 
signaling produce discrete and separable physiological effects, thus providing a strategy 
to develop safer therapeutics with more directed pharmacological action. 
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GPCR and Gβγ mediated presynaptic inhibition through direct 
interaction with the SNARE complex  
 
Heidi Hamm1 

 
1Department of Pharmacology, Vanderbilt University 
 
Gi/o-coupled G protein coupled receptors modulate neurotransmission presynaptically 
through inhibition of exocytosis. Release of Gβγ subunits decreases the activity of voltage-
gated calcium channels (VGCC), decreasing excitability. A less understood Gβγ-mediated 
mechanism downstream of calcium entry is the binding of Gβγ to SNARE complexes. We 
created a transgenic mouse via CRISPR-Cas9 partially deficient in this interaction by 
premature truncation of the SNAP25 carboxy terminus by three residues. The SNAP25Δ3 
mutation results in inhibited Gβγ-SNARE binding and diminished ability of Gβγ to compete 
with synaptotagmin 1 for binding sites on SNARE complexes. SNAP25Δ3 homozygote 
animals are viable, with a normal appearance, and have normal presynaptic inhibition by 
GABAB receptors that inhibit voltage gated calcium channels. Despite this, they exhibit 
deficits in presynaptic inhibition by receptors that work directly on the SNARE complex 
such as 5-HT1b and α2a adrenergic receptors. Simultaneously stimulating receptors that 
work by both mechanisms show synergistic inhibitory effects. The SNAP25Δ3 
homozygote exhibits a number of behavioral phenotypes, including elevated stress-
induced hyperthermia, defective spatial learning, impaired gait and supraspinal 
nociception. In addition, the mice are resistant to diet induced obesity and have enhanced 
insulin sensitivity. The individual Gi/o-coupled GPCRs responsible for these deficits have 
yet to be elucidated.  These studies suggest that Gi/o-coupled GPCR-mediated inhibition 
of exocytosis through the Gβγ-SNARE interaction is a crucial component of numerous 
physiological and behavioral processes. 
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The 5-HT1A autoreceptor: a double-edged regulator of 
serotonin activity and response to antidepressants. 
 
Paul R. Albert1, Faranak Vahid-Ansari1, Valerie Turcotte-Cardin1 

1OHRI (Neuroscience), University of Ottawa 
 
Major depression is the most prevalent mental illness, 7.9 – 8.6% of Canadians will 
experience depression in their lifetime.  It is 1.7-fold more prevalent in women. Anxiety 
and depression are often comorbid and involve reduced serotonin (5-HT) activity.  They 
are treated using selective serotonin reuptake inhibitors (SSRIs) that increase 5-HT.  But 
50-70% of patients do not respond well to SSRIs and there is no clear treatment strategy. 
The serotonin system is strongly inhibited by the raphe 5-HT1A autoreceptor expressed 
in 5-HT neurons.  The 5-HT1A receptor is a Gi/Go-coupled receptor that inhibits neuronal 
firing.  In depressed patients 5-HT1A autoreceptors are increased, and this increase 
correlates with resistant to SSRIs. Thus, understanding transcriptional regulation of the 5-
HT1A gene may be relevant to mental illness.  We previously identified the 5-HT1A 
promoter polymorphism rs6295 and found an association with major depression and 
suicide.  This polymorphism partially prevents repression of 5-HT1A gene.  It is associated 
with increased 5-HT1A autoreceptors in depressed patients and resistance to 
SSRIs.  However these associations are not always robust.  
To model rs6295 and assess functional outcomes, we have used mice with conditional 
knockout of Freud-1 in adulthood (cF1KO mice).  Freud-1 is a key endogenous repressor 
of the 5-HT1A gene that is expressed in 5-HT neurons.  Oppositely, we conditionally 
knocked out the 5-HT1A autoreceptor itself in adulthood in the 1AcKO mice.  We 
examined 5-HT1A receptor levels, 5-HT1A autoreceptor function, raphe activity, 5-HT 
levels, behavior and responses to chronic treatment with the SSRI fluoxetine. 
The cF1KO mice showed increased 5-HT1A autoreceptor binding and function.  This 
resulted in reduced 5-HT activity and decreased raphe 5-HT levels.  The cF1KO mice 
showed increased anxiety- and depression-like behavior.  This phenotype was resistant 
to chronic fluoxetine.  In contrast, the cF1ko mice responded to chronic desipramine, 
which targets both 5-HT and norepinephrine reuptake.  Knockout of 5-HT1A 
autoreceptors in the 1AcKO mice did not affect these behaviors, but prevented the 
behavioral phenotype seen in the cF1ko mice.  Interestingly, the 1AcKO mice displayed 
an increase in anxiety upon sub-chronic treatment with two different SSRIs.  These 5-
HT1A autoreceptor deficient mice show hyperactivity of the 5-HT system in response to 
fluoxetine treatment.  These results suggest that a balance of 5-HT1A autoreceptor levels 
is crucial.  Too much 5-HT1A autoreceptor leads to SSRI-resistant anxiety and 
depression, while too little leads to SSRI-induced anxiety. 
  
These mouse models indicate that increased 5-HT1A autoreceptors can mediate SSRI-
resistant depression.  Biased agonists that preferentially target post-synaptic 5-HT1A 
receptors could be used to bypass 5-HT1A autoreceptors.  Alternately, drugs like 
desipramine that target other neurotransmitters and could be used to treat SSRI-resistant 
patients. 

SESSION 4: PHYSIOLOGY AND MODEL ORGANISMS 
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Neural GPCRs and brain connectivity   
 
Brigitte L Kieffer1 

 
1McGill University, 2INSERM 
 
Our main goal is to understand how GPCRs in the brain regulate circuit activities and brain 
communication to control behavior. We develop approaches to localize the receptors 
throughout neural populations, manipulate their activity in specific brain circuits and study 
their role in shaping whole-brain connectivity. Data will be presented for the mu opioid 
receptor and the orphan receptor GPR88, providing circuit-level understanding of 
receptor-mediated 
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A pathogen uncovers a new mechanism of β2-adrenergic 
receptor activation  
 
Stefano Marullo1 

 
1Institut Cochin, Université Paris Descar 
 
Meningococcus, a gram-negative bacterium, utilizes ß-arrestin selective activation of 
endothelial cell ß2 adrenergic receptor (ß2AR) to cause meningitis in humans. Molecular 
mechanisms of receptor activation by this pathogen remained elusive. We found that 
ß2AR activation requires two asparagine-branched glycan chains with terminally exposed 
sialic acid residues located at a specific distance in its N-terminus, while being 
independent of surrounding amino-acid residues. Meningococcus triggers receptor 
signaling by exerting both direct and hemodynamic-promoted traction forces on  ß2AR 
glycans. Similar activation is recapitulated with agarose beads coated with sialic acid-
specific lectins, submitted to centrifugal forces. This previously unknown glycan-
dependent mode of allosteric mechanical activation of a G protein-coupled receptor also 
contributes to the selectivity of the pathogen for humans. 
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Ultra-Large Library Docking for New Chemotypes with New 
Pharmacology 
 
Brian K. Shoichet1 
1University of California, San Francisco, USA 
 
 
 
 
 
 
From M4 PAMs to mGlu1 PAMs – New Targets for 
Schizophrenia 
 
Craig W. Lindsley1 
1Vanderbilt University, USA 
 
 
 
 
 
 
Identification of a Class A GPCR Modulating Flow- induced 
Signaling Pathways in Endothelial Cells 
Brian Arey1 

 
1Leads Discovery and Optimization, Bristol-Myers Squibb 
To come 
 
  

SESSION 5: DRUG DISCOVERY 
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Targeting Wnt signaling in cancer and regenerative medicine 
 
Stephane Angers1 

 
1Leslie Dan Faculty of Pharmacy and Department of Biochemistry, University of Toronto 
 
Secreted Wnt proteins regulate development and adult tissue homeostasis. Mutational 
activation of Wnt-beta-catenin signaling is pervasively observed in cancer. Identification 
of therapeutics blocking the activity of this pathway for cancer treatment is needed but 
has been difficult due to the absence of easily druggable target downstream of these 
activating mutations and toxicity associated with broad inhibition of this pathway. We have 
performed a series of CRISPR-Cas9 functional genomic screens to identify novel 
therapeutic targets and delineate synthetic lethal interactions specific to oncogenic Wnt 
pathway mutations and we are developing new drugs targeting these vulnerabilities. 
Insufficient Wnt signaling is also the cause of degenerative conditions, such as IBD, 
osteoporosis and several neurodegenerative conditions. The hydrophobicity of Wnt 
proteins has complicated their purification and limited their use in basic research and as 
therapeutics. We describe modular tetravalent antibodies that can recruit Frizzled and 
LRP6 in a manner that phenocopies the activities of Wnts both in vitro and in vivo. The 
modular nature of these synthetic Frizzled and LRP6 agonists, called FLAgs, enables 
tailored engineering of specificity for one, two or multiple members of the Frizzled family. 
We show that FLAgs underlie differentiation of pluripotent stem cells, sustain organoid 
growth and activate stem cells in vivo. Activation of Wnt signaling circuits with tailored 
FLAgs will enable precise delineation of functional outcomes directed by distinct receptor 
combinations and could provide a new class of therapeutics to unlock the promise of 
regenerative medicine. 
  

SESSION 6: NON-CONVENTIONAL ASPECTS of GPCRs 
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GPR56 is a shear force sensor  
 
Jennifer Yeung1, Alexander Vizurraga1, Luciana Rosselli1, Emily Stringham1, Michael 
Holinstat1, Raymond Adili1, Gregory Tall1 

 
1University of Michigan 
 
GPR56 is adhesion GPCR and known collagen receptor with a defined role in the 
brain.  We used collagen-coated beads and isolated the GPR56 N-terminal fragment 
(NTF) from clarified human plasma.  We reasoned that the GPR56 NTF became liberated 
from a cell type in circulation via mobilization to sub-endothelial exposed collagen and the 
shear force created by blood flow.  Circulating cell types were surveyed for GPR56 cell 
surface abundance.  GPR56 was found on platelets.  GPR56 agonists activate platelets 
in ex vivo assays.  Gpr56 knockout mice were found to exhibit severe hemostasis 
defects.  The role of GPR56 in mediating hemostasis via G protein 12/13 dependent 
platelet shape changes will be presented.  
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Understanding variation in the GPCR signaling system 
 
M. Madan Babu1 

 
1MRC Laboratory of Molecular Biology, Cambridge, UK 
 
G-protein-coupled receptors (GPCRs) participate in diverse physiological processes, 
ranging from sensory responses such as vision, taste and smell to those regulating 
behavior, the immune and the cardiac system among others.The ~800 human GPCRs 
sense diverse signaling molecules such as hormones and neurotransmitters to 
allosterically activate the associated G proteins, which in turn regulate intracellular 
signaling. In this manner, GPCRs regulate virtually every aspect of human physiology. 
Not surprisingly, GPCRs are the targets of over one-third of all prescribed human drugs.  
In this presentation, I will first discuss how one could leverage data on sequence changes 
across diverse species to infer selectivity determinants of GPCR-G-protein binding, which 
is critical to elicit the right intracellular response. I will then discuss how one could exploit 
data on completely sequenced genomes of over 60,000 individuals from the human 
population to gain insights into natural receptor variation, which can result in variable drug 
response. Finally, I will present ongoing work wherein by studying transcriptome data from 
over 30 different tissues in humans, one could begin to understand how alternative 
splicing can create diversity in GPCR signaling components, which may contribute to 
tissue-specific differences in receptor signaling.  
I will conclude by discussing how understanding variation at these different spatio-
temporal dimensions, i.e. across different species, among different individuals of a 
species, and between tissues of a species, can provide a rich source of new hypotheses 
with implications for personalized medicine and understanding basic receptor biology.   
 
References: 
Hauser A, Chavali S, Masuho I, Jahn L, Martemyanov K, Gloriam D, and M. Madan Babu. Pharmacogeno
mics of GPCR drug targets. Cell. 2018 Jan 11;172(1-2):41-54.e19. 
 
Flock T, Hauser AS, Lund N, Gloriam DE, Balaji S, and M. Madan Babu. Selectivity determinants of GPCR-
G-protein binding. Nature. 2017 May 18;545(7654):317-22. 
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Structural insights into the dynamic process of GPCR 
signaling 
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1 Stanford University School of Medicine,USA 
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1 - GPCR Focused Antibody Libraries Modeled on Natural 
Binding Motifs and Patented GPCR Antibodies 
 
Pankaj Garg1, Emily Sever1, Qiang Liu1, Burcu Hasdemir1, Fumiko A1, Tom Yuan1, Ana 
Lujan1, Erik Kwan1, Erica Keane1, Emily Tuscano1, Aaron Sato1 
1Twist Bioscience, San Francisco, CA, USA 
 
GPCRs are a group of successful drug targets, representing about 34% of all drug targets 
with an annual sale of 180 billion dollars.  There are roughly 800 members in the GPCR 
family, which interact with diverse ligands including proteins and peptides.  So far there 
are only two approved GPCR antibody drugs, and this highlights the challenges in 
identifying functional GPCR antibodies.  To speed up the discovery of functional GPCR 
antibodies, we modeled the interactions of many natural binding partners into a GPCR 
focused antibody library design.  By incorporating various binding motif sequences into 
the antibody heavy chain CDR3, we developed our first generation GPCR library, GPCR 
1.0.  Another approach to construct a GPCR antibody library is to mine the patented 
GPCR antibody sequences and use the sequence information to guide selections of 
amino acid composition and length variations for the six heavy and light chain CDRs.  The 
second GPCR library, GPCR 3.0 also includes recombination randomization of the 
selected residues in each CDR, especially in the CDR3 and this will further increase the 
chance of identifying functional antibodies to a broad GPCR targets.  Here, we 
demonstrate the utility of GPCR 1.0 library by discovering potent functional antibodies 
against multiple GPCR targets, and the design of GPCR 3.0 library.  Combine the two 
GPCR focused libraries with Twist’s high-diversity precision library synthesis capabilities, 
we envision we will be able to quickly identify functional GPCR antibodies to a wide range 
of GPCR targets.  
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2 - VEGAS as a Platform for Facile Directed Evolution in 
Mammalian Cells 
 
Justin English1, Reid H.J. Olsen1, Kate Lansu1, Michael Patel1, Karoline White1, Adam S. 
Cockrell1, Darshan Singh1, Ryan Strachan1, Daniel Wacker1, Bryan Roth1 
1UNC Chapel Hill Medical School 
 
Directed evolution, artificial selection toward designed objectives, is routinely used to 
develop new molecular tools and therapeutics. Successful directed molecular evolution 
campaigns repeatedly test diverse sequences with a designed selective pressure. 
Unicellular organisms and their viral pathogens are exceptional for this purpose and have 
been used for decades. However, many desirable targets of directed evolution perform 
poorly or unnaturally in unicellular backgrounds. Here we present the first system for facile 
directed evolution in mammalian cells. Using the RNA alphavirus Sindbis as a vector for 
heredity and diversity, we achieved 24-hour selection cycles surpassing 10-3 

mutations/base. Selection is achieved through genetically actuated sequences internal to 
the host cell, thus the systems name: Viral Evolution of Genetically Actuating Sequences 
or ‘VEGAS’. Using VEGAS, we evolve new functions for transcription factors, GPCRs, 
and nanobodies for allosteric control of GPCR signaling each in under one week’s time. 
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3 - Visualizing GPCR-RAMP Interactions by Proximity 
Ligation Assay  
 
Ilana B Kotliar1,2, Emily Lorenzen1, Tea Dodig-Crnković3, Elisa Pin3, Emilie Ceraudo1, 
Roger Vaughan4, Mathias Uhlèn3,5, Thomas Huber1, Jochen M. Schwenk3, Thomas P. 
Sakmar1,6 

 
1Laboratory of Chemical Biology and Signal Transduction, The Rockefeller University, 
1230 York Ave., New York, NY, 10065 USA, 2Tri-Institutional PhD Program in Chemical 
Biology, New York, NY, 10065 USA, 3Science for Life Laboratory, School of Engineering 
Sciences in Chemistry, Biotechnology, and Health, KTH - Royal Institute of Technology, 
171 65 Solna, Sweden, 4Center for Clinical and Translational Science, The Rockefeller 
University, 1230 York Ave., New York, NY, 10065 USA, 5AlbaNova University Center, 
School of Engineering Sciences in Chemistry, Biotechnology and Health, KTH-Royal 
Institute of Technology, 106 91 Stockholm, Sweden, 6Department of Neurobiology, Care 
Sciences and Society, Division for Neurogeriatrics, Center for Alzheimer Research, 
Karolinska Institutet, 141 57 Solna, Sweden 
 
    Receptor activity-modifying proteins (RAMPs) have been shown to modulate the 
functions of several different G protein-coupled receptors (GPCRs), but the potential for 
direct interactions among the three known RAMPs and hundreds of GPCRs has not been 
measured. Focusing on the secretin-like family of GPCRs, we engineered 23 epitope-
tagged GPCRs and three epitope-tagged RAMPs. We use these constructs in a 
suspension bead array (SBA) immunoassay that we developed for detection of RAMP-
GPCR complexes. The SBA assay results elucidate the complete interactome for 
secretin-like GPCRs with RAMPs. Moreover, the results show direct interaction of 
previously reported secretin-like GPCRs whose functions are modulated by RAMPs, as 
well as novel sets of GPCR-RAMP interacting pairs. A subset of GPCR-RAMP 
interactions that were detected using the SBA assay were verified in cell membranes 
using semi-quantitative in situ proximity ligation assays (PLA). The PLA indicates a range 
of interactions that is consistent with the SBA assay. In total, we found GPCR-RAMP 
interactions for the majority of the 23 GPCRs tested, suggesting that GPCR-RAMP 
interactions are more common than previously appreciated. The SBA and PLA assays we 
developed will be useful to search for GPCR-RAMP interactions in cells and tissues. Since 
RAMPs might regulate GPCR pharmacology, characterization of GPCR-RAMP 
interactions will provide essential information to advance GPCR-targeted drug 
development.  
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4 - Reprogramming prostaglandin EP2 signalling in the 
pregnant human myometrium from an anti- to a pro-labour 
receptor via crosstalk with the oxytocin receptor. 
 
Abigail Walker1, Aylin Hanyaloglu1, Camilla Larsen1, Shirin Khanjani1, Phillip Bennett1 
1Imperial College London 
 
In the human pregnant myometrium the prostaglandin E2 receptor, EP2, is a dually 
coupled G protein coupled receptor (Gαs and Gαq/11), enabling it to mediate both 
myometrial quiescence (anti-labour) and pro-inflammatory pathways (pro-labour) (1). 
Following the onset of labour, EP2 signalling is reprogrammed to favour the pro-
inflammatory pathway via unknown mechanisms. Oxytocin receptor (OTR) signalling, via 
Gαi/o and Gαq/11, is critical for labour and may be crucial for altering EP2 signalling at 
the onset of labour. Myometrial biopsies were taken from term pregnant women 
undergoing caesarean section either, before or after the onset of labour. Using an EP2-
selective agonist, butaprost, cAMP signalling was significantly decreased following the 
onset of labour with an enhanced ability to increase levels of pro-labour/pro-inflammatory 
pathways, COX-2 and IL-6. However, in these OT/OTR primed, in labour, samples, EP2-
mediated pathways exhibited sensitivity to Gαi inhibitor pertussis toxin. The role of 
OT/OTR in mediating these alterations in G protein signalling was confirmed by in vitro 
pre-treatments of OT. To determine if OTR and EP2 mediate these events via direct 
associations, their ability to dimerize was measured via proximity ligation assay in primary 
myometrial cells and using bioluminescence energy transfer and super-resolution photo-
activated localisation microscopy in HEK 293 cells. This revealed constitutive association 
between EP2 and OTR. These results demonstrate that in vivo exposure to oxytocin 
reprograms EP2 signal activity, enhancing pro-inflammatory mediators via Gαi/o 
pathways, instead of Gαq/11 pathways, to elicit an inflammatory, pro-labour response. 
OTR-EP2 heteromers are constitutive and may form multiple distinct signalling complexes 
to reprogram prostaglandin EP2 signalling during labour offering the potential for novel 
therapeutic strategies for pre-term or post-term labour management. 
  
1) Kandola M et al, (2015). EP2 receptor activates dual G protein signaling pathways that 
mediate contrasting proinflammatory and relaxatory responses in term pregnant human 
myometrium. Endocrinology 155: 605-617 
  



 53 

5 - The role of EP2 trafficking on G protein signalling and 
inflammation. 
 
Abigail Walker1, Phillip Bennett1, Aylin Hanyaloglu1, Shirin Khanjani1 
1Imperial College London 
 
Prostaglandin E2 acts via 4 G protein-coupled receptors, EP1-4. EP2 regulates 
inflammation and has important roles in cardiovascular mechanisms, reproduction and 
malignancy. It is classically considered to be a Gαs-coupled receptor although findings 
from our laboratory have shown EP2 can signal via Gαs and Gαq/11 (Kandola, 2014). 
GPCR signalling and trafficking are highly integrated events as signals originating from 
the endomembrane exhibit distinct profiles from the plasma membrane. The spatial 
mechanics of EP2 activity, however, are currently unknown. Two highly selective EP2 
ligands, butaprost and AH13205 were assessed in HEK 293 cells and primary myometrial 
cells from term pregnant women taken with informed consent. Both ligands were able to 
elicit a cAMP and calcium response in both cell lines but in myometrial cells AH13205 
elicited a PGE2 response 16-fold greater than butaprost. We then assessed if these 
differences in inflammatory responses were due to distinct abilities to internalise or traffic 
EP2 differently resulting in modified signalling outputs. EP2 internalization was assessed 
by flow cytometry and confocal microscopy and demonstrated that there was minimal 
ligand-induced internalisation but significant constitutive internalisation. Treatment with a 
dynamin inhibitor (Dyngo-4a) revealed the constitutive internalisation to be dynamin-
dependent. Furthermore, treatment of both HEK 293 cells and myocytes with Dyngo-4a 
led to significantly decreased cAMP and calcium signalling activated by both ligands, 
indicating receptor internalisation is important for both ligands to propagate Gαq and Gαs 
signalling. Interestingly, in HEK 293 cells lacking endogenous β-arrestins, EP2 was still 
able to constitutively internalize and activate cAMP signalling suggesting β-arrestin 1/2 
are not crucial for EP2 internalisation and potential endosomal signalling. Overall it seems 
EP2 is constitutively internalised via dynamin-dependent mechanisms and undergoes 
minimal ligand-induced signalling. EP2 internalisation is important for both AH13205 and 
butaprost signalling and it is possible these ligands induce trafficking of EP2 to distinct 
post-endocytic compartments to regulate inflammatory responses. 
  



 54 

6 - Distribution of delta and mu receptors in rat dorsal root 
ganglia neurons 
 
Béatrice Quirion1,3,4,5, Claudie Beaulieu1,3,4,5, Véronique Blais1,3,5, Louis Gendron1,2,3,4,5 
1Département de pharmacologie-physiologie, 2Département d'anesthésiologie, 3Institut 
de pharmacologie, 4Centre de recherche du CHUS, 5Université de Sherbrooke 
 
Opioids, like morphine, remain the most commonly used drug to treat moderate to severe 
pain. Despite the existence of three opioid receptors subtypes (mu (MOP), delta (DOP) 
and kappa (KOP)), most opioids used clinically preferentially target MOP. However, the 
activation of this receptor is also responsible for the main undesired effects of opioids 
such as addiction, nausea, constipation and respiratory depression. One of the main 
interests of our laboratory is to investigate the therapeutic potential of DOP agonists. To 
this end, we have undertaken to identify which dorsal root ganglia (DRG) neurons express 
DOP in order to have a better understanding of the potential analgesic effects of these 
molecules.  
  
The main objectives of this project are to 1) study the distribution and co-expression of 
MOP and DOP in DRG neurons in rodents as well as in higher species and 2) to verify 
the effect of a morphine treatment on their distribution. 
  
In the DRG, neurons/fibers are typically divided into three different categories, which are 
the large diameter fibers (Aα et ß fibers; primarily responsible for touch and 
proprioception), the medium diameter fibers (Aδ fibers; responsible mostly for 
nociception), and the small diameter peptidergic and non-peptidergic fibers (C fibers; also 
responsible for nociception). The distribution of DOP and MOP receptors in these neurons 
was studied by in situ hybridization using the RNAscopeTM technology. The different types 
of neurons were identified by immunohistochemistry using NF200, IB4 and substance P 
as markers. In rats, our results show that DOP is mainly present in neurons that are 
NF200-positive while MOP is present mostly in small neurons. Notably, DOP and MOP 
are co-expressed in a number of DRG neurons. Most interestingly, our preliminary results 
suggest that co-expression of DOP and MOP is increased following a 48-hour treatment 
with morphine. These results further suggest that the role of these receptors could change 
according to different treatments or physiological conditions.  
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7 - Dynamic identification of novel interacting proteins 
involved in opioid receptors signaling 
 
Alexandre Bergeron1,3,5, Véronique Blais1,3,5, Louis Gendron1,2,3,4,5 
1Faculté de Médecine et des Sciences de la Santé, Département de Pharmacologie, 
Université de Sherbrooke, 2Département d'anesthésiologie, Université de Sherbrooke, 
3Institut de pharmacologie, 4Centre de recherche du CHUS, 5Université de Sherbrooke 
 
Opioids are the most commonly prescribed analgesics for the treatment of pain. In spite 
of their strong analgesic properties, opioids are also known to cause numerous 
deleterious effects. The current opioid crisis reminds us the importance to further our 
understanding of the signaling mechanisms inducing the unwanted effects of opioids and 
to develop new analgesics for the treatment of chronic pain. Indeed, it was hypothesized 
that unwanted effects of opioids could be largely minimized by interfering with specific 
signaling cascades of their receptors. In this sense, identifying new protein interaction 
partners involved in opioid signaling is crucial. A number of proteins that are involved in 
diverse GPCR functions remain to be identified. Current identification techniques often fail 
to detect and/or reveal dynamic or weak protein interactions. In the last few years, very 
few methods have been developed for this purpose. Of the few that have been tested, the 
proximity-based protein identification technique driven by the soybean ascorbate 
peroxidase APEX2 is gaining in popularity. This enzyme, in the presence of H2O2 and 
biotin, catalyzes the oxidation of biotin-phenol to generate a very short-lived biotin-
phenoxyl radical that covalently labels endogenous proteins proximal (in a radius of a few 
nanometers) to the enzyme, allowing their subsequent enrichment using streptavidin 
beads and identification by mass spectrometry. This approach combined with common 
techniques like mass spectrometry allows spatially and temporally identification of 
proteins potentially involved in the intracellular signaling triggered by the receptor. In order 
to perform this study, we have used NG108-15 cells stably transfected with FlagMOP-
APEX2 or FlagDOP-APEX2 to chemically label interacting and proximal proteins. 
The FlagDOP-APEX2 and FlagMOP-APEX2 constructs have already been successfully 
cloned and sequenced. We confirmed by Western blot that the N-terminal Flag tag, and 
the C-terminal APEX2 did not affect the expression of the receptors in HEK293 cells. Our 
preliminary results also show that C-terminally added APEX2 does not inhibit the 
functionality of the receptors, as shown through MAPK assays, both in HEK293 and 
NG108-15 cells. Moreover, we have shown that APEX2 can be employed to single out 
proteins proximal to both receptors stably expressed in NG108-15 cells. These results 
suggest that the APEX2 technology is both viable and can be used to discover new and 
important protein partners of MOP and DOP. Larger scale biotinylation experiments for 
mass spectrometry are in progress. This project provides an opportunity to identify 
partners that weakly and dynamically associate with the “signalosome” of activated 
GPCRs, giving us new means of interfering with the signaling cascades that are the most 
responsible for the adverse effects of opioids.  
  
  



 56 

8 - Regulation of δ-opioid receptor trafficking by protein 
arginine N-methyltransferase 5 (PRMT5) 
 
Jade Degrandmaison1,2,4,5, Marie Ethier1,4, Pierrick Moreau1,4, Véronique Blais2,4,5, 
Christine Lavoie2,4, Louis Gendron2,3,4,6, Jean-Luc Parent1,4 
1Department of Medicine, 2Department of Pharmacology-Physiology, 3Department of 
Anesthesiology, 4Faculty of Medicine and Health Sciences, Université de Sherbrooke, 
5Quebec Network of Junior Pain Investigators, 6Quebec Pain Research Network 
 
Despite their limited antinociceptive effects in acute pain models, δ-opioid receptor 
(DOPr)-selective agonists have shown analgesic efficacy in several chronic pain models, 
including neuropathic, inflammatory, diabetic and cancer-related pain, while exhibiting 
milder undesired effects than most clinically available opioids. Moreover, we and others 
have previously observed a correlation between the translocation of DOPr from the 
intracellular compartments to the plasma membrane and the increase of DOPr agonist-
mediated analgesic effects. In order to study the molecular and cellular mechanisms 
regulating DOPr trafficking in vivo, we performed LC-MS/MS analyses on 
immunoprecipitated FLAG-DOPr from brain lysates of our newly generated and 
characterized FLAG-DOPr knockin mice. In addition to identifying the protein arginine 
methyltransferase 5 (PRMT5) and its cofactor WDR77 as novel endogenous DOPr-
interacting partners, our proteomic analyses also revealed that two arginines (Arg) 
residues located in the third intracellular loop (ICL3) of DOPr, namely the Arg241 and 
Arg244, were dimethylated. By catalyzing the formation of Arg methylation, PRMT5 has 
been shown to regulate several cellular processes, such as transcriptional regulation, 
differentiation, trafficking of an ion channel and, more recently, signaling of the D2-like 
dopamine and SER-2 tyramine receptors through the methylation of Arg residues located 
in their ICL3. Therefore, after confirming the interaction between the human orthologs of 
DOPr and PRMT5 by co-immunoprecipitation assays in HEK 293 cells, we investigated 
the role of PRMT5 in DOPr trafficking. ELISA assays performed in HEK 293 cells revealed 
that overexpression of PRMT5 resulted in decreased DOPr cell surface expression. 
Conversely, PRMT5 expression knockdown with two different DsiRNAs or treatment with 
the highly specific PRMT5 inhibitor GSK3235025 resulted in increased DOPr cell surface 
expression. Interestingly, cell surface expression of the µ-opioid receptor (MOPr), which 
displays a Lys instead of an Arg at position 241, was not significantly altered when PRMT5 
expression was downregulated by DsiRNAs, thus indicating that PRMT5 displays a 
certain specificity towards DOPr. To our knowledge, this is the first report of the 
involvement of PRMT5 in the regulation of a GPCR trafficking.  
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9 - Unraveling the Selectively Promiscuous Chemokine 
Network via in-silico Modeling and Site Directed Mutagenesis  
 
Michael Wedemeyer1, Benjamin K Mueller2, Jens Meiler2, Brian Volkman1 
1Medical College of Wisconsin, 2Vanderbilt University 
 
It is critical for multicellular organisms to organize and control the migration of its resident 
cells. In vertebrates this essential function is carried out by chemokines; a family of 50 
secreted proteins that provoke directed cell migration through interactions with 20 
chemokine receptive G-protein coupled receptors (GPCRs). The selectively promiscuous 
network of interactions between these proteins play major roles in immune surveillance, 
inflammation, and cancers, and have proven to be a challenging yet medically important 
drug target. Recently, the structures of several chemokine-GPCR complexes have 
revealed the intimate details underpinning the binding mechanism of three unique 
chemokine-GPCR pairs. Though this data covers less than 3% of the known chemokine 
interaction network, the structural information can be harnessed to give valuable insight 
into ligand specificity and support structure-based drug discovery. To achieve this goal, 
we have developed detailed homology models of chemokine-GPCR complexes using 
Rosetta hybridization of template fragments from both NMR and crystallographic 
structures. Resulting models provide insight into both conserved and differential binding 
interfaces between the two major chemokine families and guide rational mutation of key 
interacting residues for validation. Additional mutations, chimeric swaps, and protein 
engineering techniques were used to probe the robustness of the traditional two-site 
model of chemokine binding and activation. These data build evidence of a more nuanced 
chemokine-GPCR interaction that involves partially conserved family and sub-family 
motifs coupled to semi-unique identifiers ultimately supporting the functional fine-tuning 
and reliability of the chemokine system in vivo. 
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10 - NMR reveals ligand-specific structural features in the β2-
adrenergic receptor.  
 
Omar Benoni Sanchez Reyes1, Andreyah Pope1, Steven O. Smith1 
1Department of Biochemistry and Cell Biology, Stony Brook University 
 
Adrenaline binding to the β2-adrenergic receptor (β2-AR) activates multiple intracellular 
signaling pathways that include G proteins and β-arrestin activation. Interestingly, a 
special class of synthetic ligands that target the β2-AR and other G protein-coupled 
receptors display favored or biased activation of signaling pathways. This poorly-
understood property is thought to arise from the ability of ligands to stabilize specific 
conformations of the receptors. Here, we use NMR to gain mechanistic insights into the 
β2-AR modulation by ligands that cause different signaling outcomes. We obtained 
structural information of the residues within the receptor known to respond to the binding 
of agonists. The conserved Ser203 and Trp286, which are part of extensive hydrogen 
bonding networks, undergo hydrogen bonding rearrangements in the presence full agonist 
BI-167107 when compared with the inactive state stabilized by inverse agonist carazolol. 
Activation by β-arrestin-biased agonist carvedilol does not lead to rearrangements of 
Ser203 and Trp286. However, carvedilol causes changes in the extracellular loop 2 and 
the intracellular region of helix 5 similar to BI-167107. Our results provide evidence of the 
structural changes involved in β-arrestin activation that will aid in the development of more 
specific drugs. 
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11 - The active delta-opioid receptor crystal structure in 
complex with peptide and small molecule agonists 
 
Tobias Claff1,2, Jing Yu1, Véronique Blais3, Nilkanth Patel4, Charlotte Martin5, Lijie Wu1, 
Gye Won Han4, Brian J. Holleran3, Olivier Van der Poorten5, Kate L. White4, Michael A. 
Hanson6, Philippe Sarret3, Louis Gendron3, Vadim Cherezov4, Vsevolod Katritch4, Steven 
Ballet5, Zhi-Jie Liu1, Christa E. Müller2, Raymond C. Stevens1,4 
1iHuman Institute, ShanghaiTech University, 2University of Bonn, 3Université de 
Sherbrooke, 4University of Southern California, 5Vrije Universiteit Brussel, 6GPCR 
Consortium, San Marcos 
 
Global opioid use has reached record levels, and especially the USA is currently 
challenged with an opioid crisis leading to opioid overdose as the dominant cause of 
accidental deaths. As a consequence, the development of alternatives to classical opioid 
painkillers with lower risk of abuse has become one of the highest priorities in healthcare. 
Both the unrivalled antinociceptive potential and the well-known adverse effects (e.g. 
addiction, tolerance, respiratory depression) of approved opioid drugs are primarily 
mediated by the μ-opioid receptor (MOP). However, selective activation of the δ-opioid 
receptor (DOP) has great potential for the treatment of chronic pain, benefitting from 
ancillary anxiolytic and antidepressant-like effects. Recent structural biology advances 
have been increasing the knowledge of opioid receptor binding pockets and supported 
the development of opioid ligands with new properties. However, atomic scale structures 
of the promising DOP have thus far only been solved in inactive states, lacking information 
on DOP activation by agonists. Moreover, all agonists that have been crystallized with 
other opioid receptors are based on the morphinan-scaffold, limiting our understanding on 
opioid receptor interactions to only one class of small molecule ligands. Here, we report 
crystal structures of the DOP in an activated state, in complex with a peptide (KGCHM07; 
H-Dmt-D-Arg-Phe-Sar-N-Me-3’,5’-(CF3)2-Bn) and a non-morphinan-based small molecule 
agonist (DPI-287). Our findings reveal distinct binding pocket differences between two 
structurally diverse agonists and will strongly support DOP-centered, structure-based drug 
discovery programs. 
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12 - Signal transduction through reciprocal conformational 
selection 
 
Shuya K. Huang1, Rima S. M. Rahmatullah1, and R. Scott Prosser1 
1University of Toronto 
 
One-third of current pharmaceuticals target G protein-coupled receptors (GPCRs), one of 
the largest class of cell surface receptors that regulate diverse biological processes 
including sensory perception, hormonal regulation, and immune response. Structurally, 
GPCRs exist in a dynamic ensemble of conformations spanning inactive, intermediate, 
and active states capable of engaging G proteins. The adenosine A2A receptor (A2AR) is 
a prototypical GPCR and a drug target for the treatment of inflammation, cancer, diabetes, 
and Parkinson’s disease. While X-ray crystal structures reveal only an inactive and an 
active conformation, nuclear magnetic resonance (NMR) spectroscopy show that 
detergent-reconstituted A2AR exhibits at least four functional states spanning inactive, 
intermediate, and active-like states. Similarly, a G protein exhibits at least three functional 
states characterized by nucleotide binding (GDP-bound, GTP-bound, and nucleotide-free) 
Here, we employ fluorine (19F) NMR to characterize A2AR activity as a function of ligand 
binding and G protein coupling in a lipid bilayer. We show that receptor activation occurs 
through biasing of its conformational landscape to active-like conformations. 
Simultaneously, a change in the conformational landscape of G protein towards 
nucleotide-free form is induced and reinforced through receptor-G protein coupling. This 
knowledge furthers our understanding of GPCR signaling in the context of receptor-G 
protein allostery. 
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GPCRs represent the largest family for the drug target and in the human genome, there 
are more than 800 GPCRs. About 350 GPCR-targeted FDA approved drugs exist 
although there are remain 1/3 of GPCRs as orphan or understudied GPCRs (oGPCRs). 
These oGPCRs have potential as new therapeutic targets. We will illuminate the dark 
sides of oGPCRs to study pharmacology, distribution, signal pathways and physiology 
functions using chemical probe molecules and engineering oGPCRs mice. In this study, 
we focused on the characterization of orphan GPCRs distribution in different organs using 
histology and tissue-clearing methods. Currently, we have generated three CRISPR 
GPCR-Cre mouse lines (GPR68, GPR85 and TAS2R4 receptors). Using reporter gene 
mouse lines (Ai9 mice) and histology survey revealed cell-type specific distribution in 
different organs (brain, tongue, thymus, heart, lung, liver, pancreas, spleen, stomach, 
small intestine, large intestine, kidney and gonads) at p30 mice. We also used retro-orbital 
virus injection (AAV-tdTomato PHP.eB) to visualize the distribution of oGPCRs in the 
brain. Additionally, tissue-clearing strategies and light sheet microscopy were used to 
visualize the whole brain and the organs to map the distribution of oGPCRs at cellular 
levels of resolution. We will further study the cell types that oGPCRs express in the organs 
and physiology functions. We also use computational and physical database as well as 
chemical synthetic strategies for high-throughput screening to find probes for oGPCR to 
further understand oGPCR pharmacology and signal transduction. Illuminating oGPCRs 
will open the new avenue for therapeutics and basic biomedical sciences. 
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spectrometry-based ligand screening towards GPCRs 
 
Yan Lu11, Shanshan Qin11, Bingjie Zhang11, Mengna Ma11, Wenqing Shui11 
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Significant effort has been put towards the identification of novel ligands that can modulate 
the activity of a GPCR target with high efficacy and selectivity. However, due to limitations 
inherent to the most common techniques for GPCR ligand discovery, there is a pressing 
need for more efficient and effective ligand screening methods especially for the 
identification of potential allosteric modulators. We have previously presented a label-free 
and unbiased screening approach for the identification of small molecule ligands towards 
GPCR targets based on affinity mass spectrometry. This new approach features the 
usage of target-expressing cell membranes for ligand screening and allows the detection 
of both orthosteric and allosteric ligands targeting specific GPCRs. Notably, the current 
throughput of affinity MS screens widely employed in pharmaceutical industry labs 
towards soluble protein targets is limited to individually assay pools of 400-2000 
compounds. Herein, we describe a new and generalizable affinity MS strategy that allows 
screening of 20,000 compounds in one pool for highly efficient ligand discovery towards 
GPCR targets. Quantitative measurement of compound binding to the receptor enables 
high-affinity ligand selection using both the purified receptor and receptor-embedded cell 
membranes. Our high-throughput and quantitative affinity MS screen resulted in discovery 
of three unreported modulators for adenosine 2A receptor. We envision the throughput of 
affinity MS screening can be further increased to assay hundreds of thousands or even 1 
million compounds in one pool, approaching the throughput of DNA-encoded library 
screen. 
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Secretion of critical intercellular signaling molecules such as neurotransmitters and 
neurohormones proceeds through a membrane fusion process driven by soluble N-
ethylmaleimide sensitive factor attachment receptor proteins (SNAREs). It has recently 
been discovered that Gi/o-coupled G protein coupled receptors (GPCRs) regulate 
secretion through Gβγ. Upon receptor activation, Gβγ dissociates from Gα and the 
receptor and directly binds the ternary SNARE complex and inhibits binding of 
synaptotagmin, a calcium sensing protein responsible for fast secretion. 
Immunoprecipitation studies have demonstrated that different Gβγ pairings have differing 
efficacies in cells. Differences in affinity between Gβγ and the receptor as well as the 
affinity between Gβγ and the SNARE complex may impose specificity on this regulatory 
mechanism. Non-site specific crosslinking and biophysical binding analysis elucidate the 
differences in affinity and interacting residues between two Gβγ dimers and the ternary 
SNARE complex, revealing that Gβγ subunit dependence may impose impactful 
specificity to this inhibitory mechanism. 
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16 - Dominance of ovarian follicles is determined by follicle-
stimulating hormone receptor (FSHR) and G protein-coupled 
estrogen receptor (GPER) heteromers. 
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Mechanisms regulating the selection of antral ovarian follicles are poorly understood and 
supposed to rely on low estrogen levels, decline of follicle-stimulating hormone (FSH) 
levels and receptor (FSHR) expression on the surface of granulosa cells. These concepts 
are challenged in vitro, where apoptosis of human granulosa cells (hGLC) and transfected 
cell lines is induced by high doses of FSH or FSHR overexpression, while estrogens 
induce anti-apoptotic signals via nuclear receptors and non-genomic action of a G protein-
coupled estrogen receptor (GPER). Therefore, in vitro data suggest that FSHR and 
estrogen receptors expression levels and activity may drive antral follicle selection as a 
result of the prevalence of FSH/FSHR-dependent apoptotic signals on estrogen-
dependent anti-apoptotic signals. In this study, we demonstrate how FSHR/GPER 
molecular interaction can rescue the dominant follicle from FSHR-mediated death. 
GPER/FSHR coexpression was confirmed in secondary follicles from paraffin-embedded 
tissues of human ovary by immunohistochemistry, suggesting a relevant role in vivo.In 
primary hGLCs under conditions where GPER levels are depleted by siRNA and in 
HEK293 cells overexpressing FSHR, FSH induced high intracellular levels of cAMP (FSH 
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160x10-3±26x10-3 versus basal 5x10-3±9x10-3 bioluminescence resonance energy transfer 
(BRET) changes; Mann-Whitney’s U-test; p<0.05; n=5; mean±SD) and apoptosis. Using 
BRET and photo-activated localization microscopy (PALM), we also demonstrate that 
FSHR forms heteromers with GPER at the cell surface. The role of FSHR/GPER 
heteromers may be relevant to inhibit FSH-induced death signals, since increasing GPER 
expression levels in HEK293 cells co-expressing FSHR results in displacement of the 
Gαs-protein to FSHR (IC50=0.221±0.002; r2=0.546; nonlinear regression; n=3; mean±SD), 
blockade of FSH-induced cAMP production (FSH 0x10-3±6x10-3 versus basal 1x10-

3±9x10-3 BRET changes; Mann-Whitney’s U-test; p<0.05; n=5; mean±SD) and inhibition 
of apoptosis. Interestingly, in HEK293 cells coexpressing GPER/FSHR, FSH-induced 
activation of the anti-apoptotic AKT-pathway via a Gβγ-dependent mechanism. These 
signals are lost in HEK293 AKAP5-KO cells, despite GPER/FSHR heteromerization, 
demonstrating a requirement of a GPER/MAGUK-AKAP5 complex for Gαs-protein 
activation blockade. We also identified via structural modeling, that the sixth and seventh 
transmembrane domains (T6, T7) of both receptors as a potential dimer interface. 
Mutations of GPER T6 and T7 disrupted the ability of the receptor to heteromerize with 
FSHR (r2=0.7x10-3; p=0.86; linear regression), causing both FSH-induced cAMP 
production (FSH 152x24-3±24x10-3 versus basal 5x10-3±9x10-3 BRET changes; Mann-
Whitney’s U-test; p<0.05; n=4; mean±SD) and apoptosis.  
Overall, we demonstrate that death signals in atretic follicles are delivered through 
overexpressed FSHR and inhibited by FSHR/GPER heteromerization, activating anti-
apoptotic pathways. This finding unveils a novel working model of the physiology of 
dominant follicle selection.  
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Optogenetics 
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Rhodopsin (Rh) and its chimeric GPCRs have been extensively used on optogenetic 
control of GPCR and G protein pathways both in cultured cells and in vivo. Since Rh 
activates transducin heterotrimers in rod photoreceptor cells, chimeric Rhs have been 
developed to activate Gs, Gq, and Gi/o heterotrimers. Compared to ligand binding 
GPCRs, we found these chimeric Rhs are weak heterotrimer activators. Additionally, its 
500 nm λmax-centered absorption spectrum makes Rh sensitive to UV to far-red 
wavelengths, which drastically reduces its utility in subcellular optogenetics. Rh is a 
monostable vision photoreceptor. Therefore, Rh and its chimeras likely need an 
exogenous retinal supply for the proper functioning in heterologous cells and tissues, 
making in vivo optogenetics with them challenging. 
          Here, we show repurposing of bistable opsins; melanopsin (MeOp) and lamprey 
parapinopsin (lPaOp) through extensive characterization as well as re-engineering for 
GPCR optogenetics in cultured cells and in vivo. We show that low retinal concentrations 
in serum are sufficient to functionalize both the opsins. We show that melanopsin activates 
both Gq and Gi/o pathways with near similar efficacies and deliver a Gq-exclusive 
melanopsin mutant. Using in silico QM/MM models of Squid Rhodopsin (SqRh), Human 
Melanopsin (hMeOp) and Mouse Melanopsin (mMeOp), we not only recapitulated the 
reported spectral properties of these opsins but also identified blue-shift mutations for 
mMeOp using an Automatic Rhodopsin Modeling (ARM) protocol. Over the broad spectral 
sensitivity of WT mMeOp, the engineered blue-shift mMeOp mutants exhibited improved 
sensitivity to blue light and showed acquired resistance to be activated by wavelengths 
above 500 nm. This newly-gained spectral selectivity makes our blue-shift mutants ideal 
for single-cell and subcellular optogenetics. We also show the utility of the prolonged-ON 
state of lPaOp and our efforts to engineer Gs-coupled chimeric lPaOps, both for in vivo 
optogenetic applications. 
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18 - Non-canonical GαiGTP and Gβγ signaling of melanopsin 
(Opn4) support its functional diversity 
 
Dinesh Kankanamge1, Kasun Ratnayake1, Saroopa Samaradivakara1, Ajith 
Karunarathne1 
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The retinal binding photoreceptor, melanopsin (Opn4) was classified in the dermal 
melanophores of the amphibian Xanopus leavis to every class of vertebrates. Unlike rod 
and cone opsins that control visual transduction, Opn4 regulates multiple visual as well 
as non-visual functions. However, it is not known how a single receptor transduces signals 
to multiple and diverse pathways, while the genetic diversity of the host cells thought to 
be the source. Since molecular details of Opn4-induced heterotrimer activation is lacking, 
we examined whether Opn4-heterotrimeric G proteins interactions contribute its functional 
diversity. Here, we demonstrate the ability of Opn4 to activate multiple heterotrimeric G-
protein pathways with nearly equal efficiency. Apart from its canonical Gq pathway, we 
show in living cells for the first time that Opn4 also activates Gi/o pathways with 
comparable efficacy to that of the Gi/o coupled chemokine 4 (CXCR4) and α-2 adrenergic 
receptors using its primary sequence. Our data demonstrate that, through GαqGTP, 
GαiGTP, and Gβγ, Opn4 triggers a diverse group of signaling events and allows cells to 
use their distinct genetic compositions to PICK-N-CHOOSE one or more desired pathway 
activities.  
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Introduction: Metastasis is correlated with poor prognosis. For instance, metastasis is 
responsible for 90% of death in breast cancer patients. Development of secondary tumors 
involves invasive cell migration from the primary to the second site and requires 
modification of the actin and microtubule cytoskeletons. Proteins of the ERM family (Ezrin, 
Radixin and Moesin) bridge these two cytoskeletons with the plasma membrane to control 
cell morphogenesis. ERM overexpression and over-activation were shown to promote 
metastasis development. Here, we show for the first time that a GPCR activates ERM, 
and that this activation could be involved in cell migration. 
Methods and Results: We developed conformational BRET sensors to follow activation 
of individual ERM. Using this tool, we discovered that TBXA2R activates all three ERM in 
HEK293T cells. We also showed that this activation is dependent of G12/13 and Gq/11 
subunits, the GTPase RhoA but not ROCK using CRISPR knockout cell lines 
and inhibitors. We also found that activation of TBXA2R increases the migration velocity 
and the directionality in Hs578T triple negative breast cancer cells.  
Conclusion and relevance: In this study, we discovered a new signaling pathway 
involving GPCR and ERM proteins. We also showed that activation of another GPCR 
PAR2 also induces ERM activation suggesting that this new pathway is conserved 
between different GPCR. Finally, we propose that TBXA2R could be a new potential target 
for anti-metastatic treatment in breast cancer. 
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20 - Olfactory receptors diversify olfactory sensory neuron 
transcriptomes 
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Olfactory receptors (ORs) account for the majority of class A G protein-coupled receptors 
(GPCRs) in mammals; however, few ORs have been deorphanized and to date there 
exists no crystal structure for any mammalian OR. In the mouse olfactory system, each 
olfactory sensory neuron (OSN) stochastically expresses a single olfactory receptor out 
of a family of over one thousand members. This one receptor per neuron rule makes the 
OSN an intriguing model to ask to what extent diversity across GPCRs within a defined 
cell type confers differences in molecular identity or cellular function. In addition to their 
specific ligand sensitives, previous studies have demonstrated that ORs play critical roles 
in the development of the olfactory system. The axons of all OSNs expressing the same 
OR converge to a pair of glomeruli in the olfactory bulb in a manner that is stereotyped 
across individuals. The precise formation of these glomeruli depends in part on ligand-
dependent and independent OR activities, which in turn modulate levels of axon guidance 
molecules. However, studies in support of this model have focused on small numbers of 
molecules and few receptors. Therefore, outside of their role in development, whether and 
how ORs modify OSN identity and function remains unknown. To address these 
questions, we characterized the transcriptomes of OSNs from adult animals using single 
cell RNA-sequencing, capturing over 100,000 sensory neurons that together expressed 
almost all the OR genes. Surprisingly, we found that OSNs expressing the same OR were 
transcriptionally similar to each other and distinct from cells expressing other ORs, 
allowing us to predict which OR (out of 1,000) a given OSN expressed. Additionally, we 
found that, rather than being restricted to a handful of axon guidance molecules, this OR-
specific gene expression program is shaped by hundreds of genes. We determined that 
the primary axis of variation across ORs was neuronal activity, encoded by differences in 
expression of activity-regulated genes, including many involved in G protein and calcium 
signaling. We verified that these differences were due to OR activity by blocking activity 
with unilateral naris occlusion. Interestingly, the unique levels of baseline activity 
associated with each OR also predicted the consequences of ligand activation. Together, 
using the diversity of ORs as a model, these results suggest that GPCRs influence cellular 
identity and function through their activity. 
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kinetics and biased agonism 
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Regulation of signaling sculpts the temporal and spatial profile of GPCR signal 
transduction. Pharmacological analysis, such as dose response analysis, provides the 
metrics that guide structure-activity relationships (e.g. EC50, Emax, Tau). Here we 
describe an intuitive pharmacological analysis framework for temporal signaling data, i.e. 
time course curves. Ligand efficacy for generating the signal is defined by the initial rate 
of signaling, termed kTau, analogous to the initial rate of enzyme activity. The framework 
is compatible with the different curve shapes encountered in time course analysis (straight 
line, association curve, rise and fall curve), which result from distinct regulation 
mechanisms. kTau is measurable from multiple time course shapes using familiar 
equations and curve fitting methods, e.g. in GraphPad Prism. We applied this method to 
the study of biased agonism at the AT1 angiotensin receptor, using robust fluorescent 
biosensors, giving values consistent with published results.  This new approach provides 
a straightforward, moderate throughput method that drug discovery scientists can use to 
quantify signaling responses measured over time, potentially improving the identification, 
optimization and development of novel therapeutics. 
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Membrane trafficking of G-protein coupled receptors (GPCRs) is a critical mechanism by 
which cells mediate complex signalling pathways and endosomes have become 
increasingly recognized as platforms for GPCR signalling. Heterogeneity within 
endosomal sorting compartments, such as the early endosomes (EEs) and the recently 
discovered very early endosome (VEE)[1], allows GPCR activity to be spatially restricted 
thereby aiding in the mediation of a vast array of biological functions. The VEE was first 
identified using the luteinizing hormone receptor (LHR), a GPCR that is key in 
reproduction and pregnancy, and acts as the primary endosomal compartment for the 
LHR following internalisation[1]. We have shown that recycling of the LHR is driven by 
receptor-mediated Gas-cAMP signalling from the VEE via PKA-dependent 
phosphorylation of the adaptor protein APPL1. Furthermore, the unphosphorylated form 
of APPL1 negatively regulates LH-activated VEE signalling[2]. However, in the ovary, LHR 
also activates Gaq/11 signaling during the LH surge, a signal pathway that is important in 
ovulation[3]. However, the role of the VEE and APPL1 on this G protein pathway are not 
yet understood. Therefore, in the present study, we investigate whether Gaq/11 signaling 
activated by LHR is spatially regulated and the role of APPL1. Measurement of LHR-
mediated Gaq/11 signaling pathway was achieved by utilising a calcium mobilisation assay. 
To determine whether LHR internalisation was required for Gaq/11 signaling a 
pharmacological inhibitor of dynamin GTPase activity (Dyngo-4a) was utilised. Dyngo-4a 
pre-treatment showed a significant reduction in calcium mobilisation, indicating that this 
pathway is activated in an intracellular compartment. Unexpectedly, cellular depletion of 
APPL1 protein significantly decreased intracellular calcium levels following LH treatment, 
indicating that APPL1 may be required for Gaq/11-calcium signaling in an opposing manner 
to the negative regulation on Gas-cAMP signaling. Calcium mobilisation was also 
measured in the presence of PKA inhibitor KT5720 and resulted in a significant reduction 
in calcium release. Similarly, cAMP levels were greatly reduced in the presence of a Gaq/11 
inhibitor. These data combined suggest that LH-induced cAMP and calcium responses 
have a mutual synergistic effect in propagating LHR signalling within the cell and may 
indicate crosstalk is occurring across the Gas and Gaq/11 protein signaling pathways at the 
VEE. Furthermore, APPL1 has opposing functions on distinct G protein pathways coupled 
to the same receptor, providing a possible mechanism to tightly regulate signal activity 
and specificity in the VEE. 
References  
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Receptor activity-modifying proteins (RAMPs) are single transmembrane spanning 
proteins which serve as molecular chaperones and allosteric modulators of G protein 
coupled receptors (GPCRs) and their signaling pathways. Although RAMPs have been 
previously studied in the context of their effects on Family B GPCRs, the coevolution of 
RAMPs with many GPCR families suggests an expanded repertoire of potential 
interactions. Using BRET-based and cell surface expression approaches, we 
comprehensively screen for RAMP interactions within the chemokine receptor family and 
identify robust interactions between RAMPs and nearly all chemokine receptors.  Most 
notably, we identify robust RAMP interaction with atypical chemokine receptors (ACKRs), 
which function to establish chemotactic gradients for directed cell migration. Specifically, 
RAMP3 association with atypical chemokine receptor 3 (ACKR3) diminishes 
adrenomedullin (AM) ligand availability without changing G-protein coupling. Instead, 
RAMP3 is required for the rapid recycling of ACKR3 to the plasma membrane through 
Rab4-positive vesicles following either AM or SDF-1/CXCL12 binding, thereby enabling 
formation of dynamic spatiotemporal chemotactic gradients. Consequently, genetic 
deletion of either ACKR3 or RAMP3 in mice abolishes directed cell migration of retinal 
angiogenesis. Thus, RAMP association with chemokine receptor family members 
represents a novel molecular interaction to control receptor signaling and trafficking 
properties. 
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24 - Statins differentially impair farnesylation and 
geranylgeranylation of G proteins and disrupt Gβγ signaling 
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Inhibition of the rate-limiting enzyme, HMG-CoA reductase in the mevalonate pathway by 
statins impedes hepatic cholesterol biosynthesis and is extensively used to mitigate risks 
associated with cardiovascular diseases. By inhibiting HMG-CoA reductase, statins 
reduce the production of isoprenoids, which are the precursor lipids for cholesterol as well 
as protein prenylation. Prenylation installs lipids for anchoring of G proteins to cell 
membranes. While numerous studies show that statins induce perturbation of small G 
protein signaling, the influence of statins on heterotrimeric G proteins signaling is limited. 
The present study shows that statins prevent PM-localization of G protein g (Gg) and 
thereby the signaling mediated by Gbg subunits. Supplementation of statin-treated cells 
with mevalonate rescued this statin-induced prenylation inhibition. This result confirms 
that statin-induced prenylation inhibition of Gg is also through the inhibition of HMG-CoA 
reductase. Results also exhibited an unexpected and complete inhibition of Gg 
farnesylation (addition of a 15-carbon lipid anchor) by statins while Gg geranylgeranylation 
(with a 20-C lipid anchor) was only partially inhibited.  We also show that statins 
concentrations as low as the levels found in patients’ serum were able to inhibit Gγ 
farnesylation significantly.  Since Gg shows a cell and tissue-specific distribution, some of 
the unintended clinical outcomes in patients on statin treatment are likely to be attributed 
to the statin-induced perturbation of Gbg as well as G protein signaling. Our data 
additionally show the potential of re-purposing statin-use to control specific GPCR-G 
protein signaling mechanisms, which is currently under further investigation together with 
mechanisms underlying differential inhibition of farnesylation and geranylgeranylation of 
Gg by statins. The outcome of these investigations can be crucial since G proteins are 
major disease drivers.  
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Heterotrimeric G proteins play a central role in signal transduction and mediate the 
responses of approximately one third of pharmaceuticals. G protein signaling is initiated 
by cell-surface receptors, which promote GTP binding and the dissociation of G-alpha and 
G-betagamma subunits. G proteins are subsequently inactivated by regulators of G 
protein signaling (RGS) proteins, which promote GTP hydrolysis and subunit 
reassociation. Structural studies have revealed the molecular basis for the binding of G 
protein subunits to one another, as well as to receptors, guanine nucleotides, RGS 
proteins and downstream effectors. In contrast, the mechanism of subunit dissociation is 
poorly understood. Here we used yeast genetics in conjunction with protein-protein 
biochemistry and NMR spectroscopy to identify a triad of amino acids in G-alpha that 
dictate the release of G-betagamma. Replacement of one or more of these residues 
prevents subunit dissociation, both in vivo and in vitro, regardless of agonist stimulation 
or bound nucleotide. These findings reveal the molecular basis for the final committed 
step of G protein activation and provide new tools for the structural characterization of G 
protein heterotrimers and their binding partners. 
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GPCR Modulators 
 
Alexander Vizurraga1, Jennifer Yeung1, Gregory Tall1 
1University of Michigan 
 
GPR56 (ADGRG1) is a member of a subset of G protein coupled receptors called 
adhesion GPCRs (AGPCRs). These GPCRs are unique in their possession of an 
autoproteolytic extracellular domain that cleaves the receptor prior to activation. GPR56 
is a model AGPCR that couples to G12/13 family G-proteins and, as we recently 
discovered, is a platelet collagen receptor important for hemostasis. Based on 
experimental evidence thus far, we believe that GPR56 is a first-acting collagen sensor 
for platelets – enabling them to first recognize blood vessel injury and to initiate the platelet 
program that leads to repair. Despite being biologically relevant in a number of cellular 
processes and diseases, there is a distinct lack of available small molecule tool 
compounds for AGPCRs, including GPR56. We conducted a large-scale high throughput 
screen to find agonists of GPR56. Over 160,000 compounds were screened in conjunction 
with UM’s Center for Chemical Genomics (CCG) using a cell-based serum response 
element (SRE) luciferase gene reporter assay in 293T cells. This assay screened for 
compounds capable of activating an engineered form of the receptor with reduced 
signaling activity. Primary screening yielded ~30 promising candidate full agonists. These 
compounds are currently being used in orthogonal biochemical and cell-based validation 
assays, as well as platelet-dependent physiological assays. Knowledge of these receptors 
is still sparse; the discovery of high affinity agonists will be useful probes to explore 
AGPCR activities in an endogenous context. These compounds may also serve as leads 
for the development of GPR56-targeted pro- or anticoagulants. 
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27 - New views of intracellular diacylglycerol dynamics in the 
living cell. 
 
Elsa Roush1, Paul Tewson1, Scott Martinka1, Thomas Hughes.1 
1Montana Molecular 
 
Diacylglycerol (DAG) is an important second messenger in living cells.  GPCRs that 
activate Gq rapidly produce DAG at the plasma-membrane, which is readily detected by 
many PKC enzymes as well as our upward and downward DAG sensors which show that 
Gq activation produces a robust, short lived burst of DAG.   Beyond the cell surface, 
however, there is good evidence that DAG plays an important role in intracellular 
membranes. In yeast, for example, it appears to regulate secretion from the Golgi (Kearns 
et al., 1997), and there is evidence that this occurs in mammalian cells as well (Litvak et 
al., 2005).  We created a series of targeted DAG sensors to see these intracellular stores 
of DAG.  Fusions with Rab5 and Rab7 were created to probe the endosome, while fusions 
of Sys 1 and Giantin were created to access the trans Golgi compartment.  Each of the 
sensors can be easily expressed in many different cell types. Fluorescence microscopy 
reveals that the sensors are targeted to the correct structures.   When we co-expressed 
the human muscarinic acetylcholine receptor (hM1), there were no observable changes 
until we stimulated with carbachol, which produced a remarkably rapid response in the 
Rab5 and 7 targeted sensors, and indicated that DAG levels were high in the endosomes 
much longer than at the cell surface. Similarly, at the trans Golgi, DAG levels also 
responded to carbachol stimulation, but with even slower, more prolonged responses. The 
difference in localization of the sensors, and the kinetics of their responses, produces a 
clear view of how DAG levels change in different ways in different intra-cellular 
compartments.   One can imagine that these sensors are showing us the gradual 
internalization of receptors and enzymes that continue to signal. Formally, however, it is 
also possible that the changes are due to DAG itself moving through the endosomal/Golgi 
network.  
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28 - Probing the cellular function of the Adhesion GPCR 
Autoproteolysis-Inducing domain through the analysis of 
cancer-related mutations affecting Latrophilin3 
 
Avila-Zozaya M1, Boucard AA1 
1Department of Cell Biology, Centro de Investigación y de Estudios Avanzados del 
Instituto Politécnico Nacional (CINVESTAV-IPN), Mexico City, Mexico 
 
The adhesion GPCRs (aGPCRs) in addition to having their classic GPCR structure, they 
contain an N-terminal extracellular region rich in adhesion domains, which mediate 
heterophilic or homophilic interactions. The structural hallmark of aGPCRs is the presence 
of a GPCR autoproteolysis-inducing domain, known as GAIN, which is located upstream 
of the first transmembrane helix and encompasses structural elements that are involved 
in generating a molecule with two fragments linked non-covalently. The first GAIN domain 
crystal structure provided important insights into how a subgroup of aGPCRs named 
Latrophilins are able to maintain a physical association between their adhesion-rich 
fragment and their membrane-embedded fragment. The Latrophilins (Lphn, also known 
as ADGRL) are composed of three isoforms (Lphn1-3) and were first described as 
calcium-independent receptors for α-latrotoxin, through its interaction with the GAIN 
domain. While it is clear that the integrity of the GAIN domain must be maintained for 
receptor function via an exogenous toxin, it is unclear which endogenous cellular function 
are elicited by this domain. Identification of somatic mutations within the human Lphn3 
gene targeting the GAIN domain amid samples of specific cancerous tumors prompted us 
to question if the integrity of this hallmark domain was affected following these missense 
modifications. Giving that cancer phenotypes involve a modification of cell-cell or cell-
matrix adhesion profiles, we detected a unique opportunity to test the role of Lphn3 in 
these paradigms. Thus, we sought to investigate the pathophysiological function of the 
GAIN domain by describing the impact of cancer-related Lphn3 GAIN domain mutations 
on cellular functions linked to oncological cell phenotypes such as adhesion, migration 
and motility. In a first instance, we characterized the biogenesis of mutant receptors by 
evaluating protein expression and the extent of receptor autoproteolysis. We found that 
the most of mutations didn’t alter receptor expression or their trafficking at the cell 
membrane, nor did they affect autoproteolysis. Next, we validated the adhesion profile of 
HEK293T cells induced by heterophilic interactions between Lphn3 receptor mutants and 
the endogenous ligands, Teneurin and FLRT. Interestingly, select GAIN domain mutations 
affected the ability of the receptor to establish intercellular adhesion mostly with ligands 
normally interacting with the neighboring olfactomedin domain while the ligands that are 
dependent on the most distant lectin domain presented less effects. Finally, we analyzed 
the presence of actin-rich migration structures as well as their influence on cell motility 
and migration. Intriguingly, few of the receptor mutants presented a loss-of-function 
phenotype in regards to the formation of filopodia and lamellipodia, although blebs that 
were uniquely induced by the expression of Lphn3 saw a decrease when a specific mutant 
receptor was expressed. When assayed in migration conditions following a scratch 
disturbing the monolayer in the absence of ligand, all receptor mutants allowed the cells 
to migrate at the same rate as the wild-type receptor. However, when cell motility was 
monitored through confocal time-lapse imaging, we found that Lphn3 expression 
increased the distance and speed of cell movement. This motile phenotype was drastically 
reduced when a select receptor mutant was expressed in these cells, revealing a loss-of-
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function phenotype introduced by this mutation in the GAIN domain. These results 
provides the first evidences demonstrating a relationship between the GAIN domain and 
its role in cell migration events in the context of cancer-associated genetic modifications. 
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29 - Cryo-EM structure of the native rhodopsin dimer in 
nanodiscs 
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1Department of Biochemistry, University of Toronto, Toronto, Canada, 2Max-Planck 
Institute of Biochemistry, Martinsried, Germany;, 3Gavin Herbert Eye Institute and the 
Department of Ophthalmology, University of California, Irvine, USA, 4Faculty of 
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Imaging of rod photoreceptor outer-segment disc membranes by atomic force microscopy 
(AFM) and cryo-electron tomography has revealed that the visual pigment rhodopsin, a 
prototypical class A G protein–coupled receptor (GPCR), can organize as rows of dimers. 
GPCR dimerization and oligomerization offer possibilities for allosteric regulation of GPCR 
activity, but the detailed structures and mechanism remain elusive. In this investigation, 
we made use of the high rhodopsin density in the native disc membranes and of a 
bifunctional cross-linker that preserves the native rhodopsin arrangement by covalently 
tethering rhodopsins via Lys residue side chains. We purified cross-linked rhodopsin 
dimers and reconstituted them into nanodiscs for cryo-EM analysis. We present cryo-EM 
structures of the crosslinked rhodopsin dimer as well as a rhodopsin dimer reconstituted 
into nanodiscs from purified monomers. We demonstrate the presence of a preferential 
two-fold symmetrical dimerization interface mediated by transmembrane helix 1 and the 
cytoplasmic helix 8 of rhodopsin. We confirmed this dimer interface by double electron–
electron resonance (DEER) measurements of spin-labeled rhodopsin. We propose that 
this interface and the arrangement of two protomers is a prerequisite for the formation of 
the observed rows of dimers. We anticipate that the approach outlined here could be 
extended to other GPCRs or membrane receptors to better understand specific receptor 
dimerization mechanisms. 
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Expansion and Bioorthogonal Chemistry 
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G protein-coupled receptors (GPCRs) are heptahelical transmembrane receptors that 
bind to ligands and activate cellular signaling pathways.  GPCR ligands can bind to 
orthosteric sites as well as allosteric sites, which can often be conformation-
dependent.  These so-called “cryptic binding sites” are difficult to identify and target during 
drug discovery using traditional high-throughput screening and GPCR cell-based 
signaling assays.  We aim to develop a robust methodology to identify and study “cryptic” 
allosteric sites in GPCRs. We hypothesize that tethering of low-affinity fragments into 
GPCR allosteric sites can enable fragment-based drug screening.  Using CCR5 (human 
chemokine receptor 5) and its allosteric modulator maraviroc as a model system, we 
employed genetic code expansion technology to site-specifically introduce functional 
handles at sites of interest based on crystal structures and molecular dynamics (MD) 
simulations.  We designed and synthesized a library of bivalent maraviroc 
analogs containing a reactive moiety capable of undergoing bioorthogonal “click” 
reactions.  We tested two different bioorthogonal chemistries and several different 
reactive substrates.  Functional assays including calcium flux monitoring were used to 
screen for apparent affinity enhancement due to covalent tethering of the 
analogs.  Several analogs displayed an increase in potency for CCR5 engineered to 
contain unnatural amino acids.  In future experiments, we plan to expand the approach to 
other GPCRs with the aim of identifying site-specific covalent modulators to enable high-
throughput drug screens of novel ligands that target cryptic binding pockets.  
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31 - Trans-synaptic scaffolding and allosteric modulation of 
group III mGluRs temper neuropsychiatric manifestations 
 
Henry A. Dunn1, Stefano Zucca1, Maria Dao1, Cesare Orlandi1, Kirill A. Martemyanov1 
1Department of Neuroscience, The Scripps Research Institute 
 
Functional characterization of the GPCR interactome has focused predominantly on 
intracellular interacting-proteins, yet GPCRs are increasingly found in complex with 
extracellular proteins: illuminating a scarcely explored dimension in our understanding of 
GPCR function. Recently, we reported the role of transcellular interactions in allosterically 
modulating GPCR signalling. Specifically, we found that leucine-rich repeat protein ELFN1 
expressed in one cellular population was capable of altering both agonist-induced and 
constitutive receptor activity of group III mGluRs expressed in opposing cells. We have 
now identified and characterized a novel synaptic adhesion molecule, ELFN2, that shares 
homology with ELFN1 but has a distinct neuronal expression pattern. We demonstrate 
that ELFN2 is a trans-synaptic binding-partner of group III mGluRs, essential for stabilizing 
group III mGluR membrane localization and protein expression across the 
brain.  Additionally, ELFN2 interactions in trans provide allosteric modulation of group III 
mGluR pharmacological properties, altering both the efficacy and potency of glutamate 
action. In Elfn2 knockout mice, we observe downregulation of group III mGluR 
autoreceptor function and resultant augmentation of synaptic transmission due to 
disinhibited presynaptic glutamate release at the prototypical glutamatergic CA3—CA1 
synapse. In alignment with dysregulated glutamatergic signaling, Elfn2 knockout mice 
exhibit a complex array of neuropsychiatric manifestations that are reversed by positive 
allosteric modulators of group III mGluRs. We propose that postsynaptic ELFN2 acts as 
an essential trans-synaptic binding-partner of group III mGluRs capable of both securing 
optimal presynaptic receptor localization and tuning receptor sensitivity to accommodate 
enhanced availability of glutamate. 
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32 - Membrane-tethering peptides derived from intracellular 
loops 2 and 3 of the urotensin II receptor act as allosteric 
agonists promoting Gq/Gi activation, EGFR transactivation 
and fibroblasts proliferation 
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The urotensinergic system, through its potent and pleiotropic actions within the 
cardiovascular system, is intimately involved in the etiology of atherosclerosis and 
pulmonary arterial hypertension. While several animal studies have shown the therapeutic 
potential of UT ligands for treatment of heart failure and atherosclerosis, their lack of 
efficacy in clinical studies highlights the need for a greater understanding of UT 
pharmacology at both the molecular and cellular levels. The search for allosteric sites that 
allow modulation of receptor activity increases the searchable chemical space against a 
disease target. Therefore, the use of UT-pepducins favoring specific signaling pathways 
may represent unique tools to reveal the intricacies of complex UT signaling networks. 
Two UT-pepducins, derived from the second and the third intracellular loop of UT, 
respectively, have been synthesized and pharmacologically characterized. Notably, each 
pepducin was evaluated for its propensity to trigger UT-associated signaling, to promote 
aortic ring contraction, and to stimulate HEK 293 cell and rat neonatal fibroblast 
proliferation. Our results demonstrated that UT-Pep2 and UT-Pep3 acted as biased ago-
allosteric modulators, trigger ERK1/2activation through different mechanisms, stimulated 
cell proliferation but were devoid of contractile activity. Interestingly, UT-pepducins were 
able to modulate hUII- and URP-mediated contraction albeit to different extend. While 
shedding new light on the therapeutic value of the urotensinergic system, these new 
derivatives represent a potentially novel avenue to selectively target UT signaling events 
in the context of cardiovascular diseases. 
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33 - The Orphan Receptor GPR139 is a Novel Negative 
Modulator of Mu Opioid Receptor Signaling 
 
Hannah Stoveken1, Dandan Wang1, Stefano Zucca1, Cesare Orlandi1, Ikuo Masuho1, 
Maria Dao1, Brock Grill1, Kirill Martemyanov1 
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Opioid addiction and accidental overdose have arisen as national health crises, creating 
a need for safer therapeutics for pain management. The primary mediator of analgesia is 
the mu opioid receptor (MOR), a G protein coupled receptor (GPCR) that signals through 
Gi/o class of G proteins to downstream effectors including adenylyl cyclase, voltage-gated 
calcium channels, and GIRK channels. There are multiple known regulators of MOR 
signaling that function to tune or terminate signaling. Prominent examples include 
regulator of G protein signaling (RGS) proteins and β-arrestin. We hypothesized there 
may be undiscovered negative MOR regulators that could modulate MOR signaling to 
lessen unwanted opioid side effects. To test this, we developed an unbiased forward 
genetic screen in MOR-expressing c. elegans to identify possible new regulators. We 
uncovered the orphan GPCR GPR139 as a novel modulator of MOR signaling. GPR139 
and MOR co-localize in relevant brain regions and mice lacking GPR139 are 
hypersensitive to opioid analgesics. Agonist-induced GPR139 activation also decreased 
morphine sensitivity across multiple measures of antinociception. Further, GPR139 
activation decreased morphine intake in a morphine self-administration paradigm, among 
other opioid-related behaviors. The exact molecular mechanism(s) of how GPR139 
activation and signaling can modulate MOR downstream signaling is an area of active 
inquiry. We ran a battery of in vitro signaling assays to determine the potential nexus of 
GPR139 regulation. We examined the effect of GPR139 on multiple parameters of MOR 
signaling and trafficking and found that GPR139-Gq signals in an opposing manner to 
MOR-Go signaling at multiple points in the cascade to yield the robust electrophysiological 
and mouse behavioral phenotypes we observed. Overall, this project has discovered a 
novel, druggable MOR signaling regulator and examines the molecular underpinnings of 
this exciting, new therapeutic target. 
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34 - Mitochondrial GPCRs: import pathway and function of 
the delta-opioid receptor (DOPr) 
 
Samuel Génier1, Jade Degrandmaison1, Esther Gauthier1, Louis Gendron1, Jean-Luc 
Parent1 
1Université de Sherbrooke 
 
G protein-coupled receptor (GPCR) signaling was conventionally thought to originate from 
the cell surface where external stimuli can be transduced into a broad range of cellular 
responses by the receptors. Accumulating evidence indicates that many GPCRs also 
signal from intracellular compartments that may serve as alternate or even preferred 
locations. A few GPCRs were recently found on mitochondrial membranes where they 
participate in the regulation of various cellular processes such as the production of nitric 
oxide and the activity of the electron transport chain. In the present study, we performed 
mass spectrometry analyses on immunoprecipitated FLAG-DOPr from brain 
homogenates of FLAG-DOPr knockin mice. Many components of the outer membrane 
translocase (TOM) complex, which is responsible for mitochondrial protein import, were 
identified as potential DOPr-interacting partners. The mitochondrial localization of DOPr 
was then confirmed using cellular fractionations and confocal microscopy in transfected 
HEK293 cells. Most importantly, the presence of endogenous DOPr on mitochondria was 
also observed in the central nervous system of mouse using electron microscopy. 
Interactions between DOPr and proteins of the mitochondrial import machinery were 
characterized, as well as the DOPr amino acid sequence responsible for its mitochondrial 
targeting. Finally, the impact of a stimulation with a DOPr-specific agonist on cellular 
respiration was investigated on isolated mitochondria. To our knowledge, this is the first 
report of a mitochondrial localization and function for DOPr. This is also the first study 
proposing a mitochondrial import pathway for GPCRs. 
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35 - Potent analgesia without adverse effects produced by 
the first NTS2 highly-selective macrocyclic neurotensin (8-13) 
analog  
 
Magali Chartier1,2, Michael Desgagné1,2, Marc Sousbie1,2, Marc-André Dansereau1,2, Jean-
Michel Longpré1,2, Éric Marsault1,2, Philippe Sarret1,2 
1Université de Sherbrooke, 2Institut de Pharmacologie de Sherbrooke 
 
Neurotensin (NT) acts as a neuromodulator in the central nervous system and produces 
potent opioid-independent analgesia. These NT-induced antinociceptive effects are 
exerted through the activation of two NT receptor subtypes (NTS1 and NTS2), that belong 
to the class A GPCR family. NT is also responsible for other physiological effects, such 
as hypotension and hypothermia which are exclusively mediated through NTS1. NTS2 is 
therefore a target of interest for developing new chemical analogs showing potent 
analgesic activity without adverse effects. In addition, as a peptide, NT exhibits low oral 
bioavailability and poor resistance to protease degradation which further limit its 
therapeutic application. Herein, Ile12 was replaced by Leu of NT(8-12), and a side-chain 
to side-chain macrocyclization was used to constrain the peptide conformation and 
improve its biological and metabolic properties. This study thus aimed to characterize the 
antinociceptive activities of this new macrocyclic analog and to investigate its potential 
adverse effects. This macrocyclic NT compound exhibits a NTS2 binding affinity of 50 nM, 
with no detected affinity for NTS1 (>100 µM), as well as an improved plasma stability 
profile (half-life of 12 min), as compared to NT (half-life ≈ 2 min). Analgesic efficacy was 
then determined in rat pain models following intrathecal administration of increasing doses 
of the macrocyclic analog (ranging from 10 to 150 µg/kg). This constrained peptide 
displayed dose-dependent analgesic effects in acute pain (ED50 = 43.8 µg/kg), as 
assessed by the thermal tail-flick test with a maximal possible effect reaching 100% at 90 
µg/kg. This NTS2-selective analog also reduced the spontaneous persistent nociceptive-
related behaviors elicited by intraplantar formalin injection. At 150 µg/kg, this macrocycle 
also exerted mechanical antiallodynia on days 7 and 14 in the CFA-induced chronic 
inflammatory pain model. Other physiological effects of NT were also monitored by 
measuring changes in body temperature (150 µg/kg, i.t.), mean arterial blood pressure 
(0.01 to 1 mg/kg, i.v.) as well as smooth muscle relaxation of contracted isolated rat ileum 
(10-11 to 10-5 M). Our results revealed that this compound did not induced either 
hypothermia, hypotension or ileum relaxation. Altogether, this NTS2-selective compound 
was effective in reversing the nociceptive behaviors in three distinct rodent pain models 
without exerting adverse effects. These results thus highlight the strong therapeutic 
potential of NTS2-selective analogs for the management of acute and chronic pain.  
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In recent years, the tridecapeptide neurotensin (NT) and its minimal biologically active 
fragment NT(8-13) have emerged as key actors of pain modulation. They exert their 
analgesic activity by interacting with two distinct 7-transmembrane domain receptors 
termed as NTS1 and NTS2. These receptors are attractive targets for the development of 
new analgesic painkillers since NT analogs produce strong opioid-independent analgesia. 
However, the NT peptide is also implicated in other physiological functions, such as 
hypotension and hypothermia, which are exclusively mediated by NTS1 activation. In this 
context, the NTS2 receptor, which is mainly expressed in the central nervous system, 
represents a promising target for the development of new chemical entities with enhanced 
analgesic effects and minimal adverse effects. In order to improve NTS2-selectivity, we 
synthesized a series of linear NT(8-13) analogs harboring reduced amide bond and/or 
site-specific modifications with unnatural amino acids. We also designed conformationally 
constrained analogs via ring-closing metathesis macrocyclization to provide analogs with 
improved biological and metabolic properties. Radioligand binding studies demonstrated 
that these substitutions or macrocyclization step improved the selectivity towards NTS2 
by 1,000- to 10,000-fold over NTS1. Importantly, strong analgesic effects were observed 
following intrathecal injection (i.t.) in acute (tail-beam) and tonic pain (formalin) models, 
with no apparent drop in body temperature and systemic blood pressure. We thus 
evaluated if a single i.t. injection of these NTS2-selective compounds could exert 
analgesic action in a bone cancer pain model, which consists in the injection of syngeneic 
MRMT-1 breast cancer cells into the femoral bone cavity of female Sprague-Dawley rats. 
We found that the most promising linear compound named JMV5335 (H-Lys-
Ψ[CH2NH]Lys-Pro-N-hTrp-Ile-TMSAla-OH) exerted powerful and sustained analgesic 
effects 14 days after surgery, as measured with the von Frey filament test. However, no 
significant changes were observed in burrowing behaviors, spontaneous pain or postural 
deficits (dynamic weight bearing), probably attributable to the acute treatment. Altogether, 
these results demonstrate that optimized NTS2-selective compounds exhibit analgesic 
effects in acute, tonic and chronic bone cancer pain models, without any significant 
adverse effects, and thus represent a promising avenue to the development of opioid-free 
medications. 
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Neurotensin (NT), which acts as a neuromodulator in the central nervous system 
produces potent opioid independent analgesia. These NT’s antinociceptive effects are 
exerted through activation of two neurotensin receptor subtypes (NTS1 and NTS2), that 
belong to the GPCR family. NT is also responsible for other physiological effects, such as 
hypotension, hypothermia and gastro-intestinal tract motility which are known to be 
mediated by NTS1 activation. NTS2 is therefore a target of interest for developing new 
chemical entities showing good analgesic effects with minimal adverse effects. However, 
NT exhibits low oral bioavailability and poor resistance to proteolytic degradation which 
further limit its therapeutic use and should be improved.  
Toward this end, we implemented a multistep approach on the active fragment of 
Neurotensin, i.e. Neurotensin 8-13 (Arg-Arg-Pro-Tyr-Ile-Leu). Firstly, the proline residues, 
Pro----10 and Pro-7, which are important conformational amino acids, were replaced by 
allyl-glycines and cyclised using ring-closing metathesis in order to restrain entropic cost 
of binding as well as improving biological half-life. The resulting peptides showed high 
selectivity towards NTS2 and less to none of the adverse physiological effects in rat 
models in addition of better plasma stability. Intrathecal injection of the reference 
compound shows an ED5-0 of 61 nmol/kg (based on %MPE) on a tail-flick test. The 
analgesia can last up to 40 minutes, depending on the administered dose. 
Step-by-step optimisation of the peptide was made in order to achieve low-nM IC50- on 
NTS2 while having a 5-log selectivity factor over NTS1. Four positions on the reference 
peptides were successfully mutated to improve affinity and selectivity. Leu12 was replaced 
by a cyclopentylalanine residue, Tyr11 by a 4-bromophenylalanine and AllylGly7 by a 
pentenylalanine, which all improved affinity and selectivity of our peptide. Plasma stability 
assays were also performed on the macrocyclic compounds in order to understand 
structure-stability relationship.  
Altogether, the lead of the series was found to be effective in reversing the nociceptive 
behaviors in several distinct preclinical pain models. Selective NTS2 activation also does 
not show significant adverse effects, even at high doses.  These results thus highlight the 
strong therapeutic potential of NTS2-selective analogs for the management of pain.  
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38 - Highway to NMR 
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The human dopamine receptors D2R and D3R are both representatives of the largest 
group of G-protein coupled receptors (GPCRs), namely the rhodopsin-like receptors. The 
future goal of our project is the investigation of ligand-receptor interactions and dynamics 
of GPCRs by nuclear magnetic resonance (NMR) spectroscopy. To study D2R and D3R 
by NMR spectroscopy we are establishing heterologous expression systems as well as 
stabilization and purification protocols to obtain mg-amounts of pure and active isotope 
labelled protein necessary for biophysical experiments. We were able to successfully 
express both receptors in E. coli, insect cells as well as in an E. coli based cell-free 
expression system. Currently, we are optimizing the expression and stability of the 
receptors by a directed evolution based approach. This allows screening for more stable 
and highly expressed receptor variants. A purification protocol will be established based 
on previous work on other GPCRs. Subsequently, we will analyze ligand binding to D2R 
and D3R by NMR spectroscopy. In collaboration with the group of Prof. Gmeiner 
(University of Erlangen-Nürnberg) the interaction of new D2R/D3R selective agonists, 
antagonists, inhibitors, etc. with the receptors will be analyzed. NMR experiments will help 
to understand conformational changes of the dopamine receptors upon ligand binding and 
will reveal conformational differences of the transmembrane helices upon ligand binding. 
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A mutation in the driver oncogene CYSLTR2, which encodes the G protein-coupled 
receptor (GPCR) cysteinyl-leukotriene receptor 2 (CysLTR2), leads to a single amino acid 
mutation L129Q3.43 and was found to be recurrent in uveal melanoma samples in humans. 
Uveal melanomas arise from melanocytes of the uveal tract and are the most prevalent 
tumors of the eye. Approximately 90% of uveal melanoma patients harbor mutations in 
the G protein encoding genes, GNAQ and GNA11, which lead to constitutive activity of 
Gq/11. The remaining 10% of uveal melanoma cases had not been explained until 
recently. We show that CysLTR2-L129Q is a constitutively active mutant (CAM) that 
strongly drives Gq/11 signaling pathways, leading to the same persistent Gq/11 signaling 
seen in the GNAQ and GNA11 mutations. Signals from activated GPCRs are usually 
terminated by β-arrestin-dependent mechanisms. However, we show that the mutant 
receptor constitutively recruits β-arrestins 1 and 2 very weakly in an agonist-independent 
manner. This allows CysLTR2-L129Q to escape β-arrestin-dependent desensitization and 
sustain strong signaling at a level comparable to the fully stimulated wild-type receptor. 
Together, this suggests that the deadly CysLTR2-L129Q CAM has an implicit receptor 
bias toward Gq/11. CYSLTR2 is the first example of a driver oncogene that encodes a 
gain-of-function mutant GPCR with constitutive, highly biased Gq/11 signaling that can 
escape β-arrestin-mediated down-regulation pathways.   
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Chronic pain is often associated with affective disorders, such as anxiety and depression 
and the inadequate management of pain has significant impact on the development of 
comorbidities. In recent years, the neurotensin (NT) peptide has emerged as an important 
modulator of nociceptive transmission, exerting its opioid-free analgesic action through its 
binding to two class A G protein-coupled receptors, namely NTS1 and NTS2. In addition, 
the neurotensinergic system is also thought to play a major role in the regulation of the 
fear/anxiety circuits. Here, we thus evaluate whether selective activation of NTS2 
produced sustained analgesic responses and reduced the anxiety-like behaviors 
associated to the development of chronic pain. We previously synthesized a series of 
NT(8-13) analogs harboring site-specifically modified natural or unnatural amino acids. In 
particular, incorporation of a reduced amide bond between Lys8-Lys9, substitution of 
Tyr11by a positively-charged amino acid (Lys) and replacement of Leu13by the more 
hydrophobic (trimethylsilyl)alanine (TMSAla) non-natural amino acid(namecoded 
JMV5966) improved the selectivity by more than 100-fold toward NTS2 (1.38 nM and 166 
nM for NTS2 and NTS1, respectively) as well as its resistance to proteolytic degradation 
(plasma half-life > 2 hours). Then, JMV5966 was evaluated for its ability to reduce the 
nociceptive-related behaviors in acute (tail-flick test), tonic (formalin test) and chronic pain 
models (Chronic Constriction Injury (CCI) and Complete Freund’s Adjuvant (CFA)). In all 
experimental pain paradigms, intrathecal (i.t.) injection of JMV5966 produced potent 
antinociceptive responses compared to saline–treated rats. This effect was NTS2-
mediated since the NTS2-selective antagonist, NTRC844 reduced significantly the 
analgesic activity of JMV5966. We next evaluated the anxiolytic potential of JMV5966 in 
the CFA-induced inflammatory pain model, in which rats develop hypersensitivity to 
mechanical stimuli and display increased anxiety-like behaviors in light/dark and elevated 
plus-maze paradigms. We found that intracerebroventricular injection of JMV5966 
significantly reduced the anxiety-like behaviors in both light/dark and elevated plus maze 
tests.The involvement of NTS2 in reversing the anxiety symptoms was further confirmed 
by co-administration of the antagonist NTRC844.Altogether, these results reveal that 
NTS2 receptor activation represents a promising avenue to both improve pain control and 
treat the anxiety-like behaviors associated with chronic pain.  
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Class F receptors are considered valuable therapeutic targets due to their role in human 
disease, but structural changes accompanying receptor activation remain unexplored. 
Employing population and cancer genomics data, structural analyses, molecular 
dynamics simulations, resonance energy transfer-based approaches and mutagenesis, 
we identify a conserved basic amino acid in TM6 in Class F receptors that acts as a 
molecular switch to mediate receptor activation. Across all tested Class F receptors 
(FZD4,5,6,7, SMO), mutation of the molecular switch confers an increased potency of 
agonists by stabilizing an active conformation as assessed by engineered mini G proteins 
as conformational sensors. Disruption of the switch abrogates the functional interaction 
between FZDs and the phosphoprotein Dishevelled, supporting conformational selection 
as a prerequisite for functional selectivity. Our studies reveal the molecular basis of a 
common activation mechanism conserved in all Class F receptors, which facilitates assay 
development and future discovery of Class F receptor-targeting drugs. 
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Neurotensin Type 1 Receptor (NTSR1) is a G Protein-Coupled Receptor (GPCR) involved 
in cancer initiation and progression such as in pancreatic, lung, colorectal, breast or lung 
cancer. NTSR1 is then it a potential therapeutic target for the treatment of these diseases. 
However, less is known about the signalling pathways driven by NTSR1 and how the 
existing ligands of NTSR1 activate or inhibit them. 
In this context, we developed mice line expressing NTSR1 tagged to vYFP and four of 
GPCRs effectors tagged to mTurq in order to follow its activation and its signaling in vitro 
or in living animal by fluorescent-based methods.  
We first characterized the expression profile of the modified NTSR1 mice and compared 
it to the endogenous receptor by immunohistochemistry. We then investigated in HEK 
cells the signaling profile of NTSR1 induced by different specific and selective agonists 
and compared the modified NTSR1 to the wild-type receptor using Bioluminescence 
Resonance Energy Transfer (BRET) based biosensors.  
We have shown that the vYFP does not modify the expression or the signaling profile of 
the NTSR1, demonstrating that this modified mouse could be used as a tool to study the 
endogenous signaling of this receptor. We will then breed mice line expressing both 
NTSR1-vYFP and one of its effectors tagged to mTurq and follow its signaling with Förster 
Resonance Energy transfer methods in living animals. 
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Vascular smooth muscle cells (VSMCs) play key roles in the development of 
cardiovascular diseases. During development and progression of this disease VSMCs 
migrate from the tunica media to invade the intima of blood vessels. This phenomenon 
contributes to the formation of the atheroma plaque and ultimately atherosclerosis. 
Preliminary data has shown that growth factors like Platelet-derived growth factor (PDGF) 
or hormones such as Angiotensin II (Ang II) induce invasion in VSMCs. However, 
molecular mechanisms are relatively unknown. 
Previously, in our laboratory, it had been demonstrated that small GTPase ARF6 is 
involved in VSMCs proliferation and migration. We therefore hypothesized that ARF6 
could also be involved in the development of key invasive structures, podosomes. 
Two assays were used to study the invasion phenomenon by comparing control cells to 
ARF6 depleted cells following agonist stimulation (PDGF or Ang II). The matrix 
degradation was observed on a fluorescent support by microscopy. The invasion was also 
studied using a Boyden Chamber with the same conditions. 
Our results show that human aortic VSMCs have a different degradation pattern in 
response to PDGF or Ang II induction and that ARF6 regulates this process. Additional 
studies are underway to elucidate the molecular mechanism. 
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Autophagy is a conserved, regulated mechanism that is responsible for the degradation 
of misfolded proteins and recycling of cellular components. Defects in autophagy were 
linked to multiple pathological conditions, including neurodegenerative 
diseases. Metabotropic glutamate receptor 5 (mGluR5) is Gq-coupled receptor that has 
been shown to regulate autophagy via the mTOR/ULK1/Atg13 and 
GSK3β/ZBTB16/Atg14 pathways in two neurodegenerative diseases, Alzheimer’s 
disease and Huntington’s disease. Moreover, optineurin (OPTN), an autophagy receptor, 
has recently been play a role in mGluR-mediated signaling but its exact role in regulating 
autophagy downstream of mGluR5 remains largely unknown. 
CRISPR/Cas9 genome editing was used to knockout OPTN in a mouse striatal cell line 
(STHdhQ7/Q7). Two clones were generated to determine the role of OPTN in mGluR5 
regulation of autophagy. Protein expression levels were measured in several autophagy 
markers, including p62, GSK3β, ULK1, ZBTB16, and VPS34, as well as, in cell survival 
marker, ERK1/2 following treatment with either DHPG (mGluR1/5 agonist) or HBSS in 
both wild-type and OPTN knockout groups.  
  
The activation of mGluR5 resulted in an increased phosphorylation of ERK1/2 in WT cells, 
however had no affect on OPTN knockout groups. Furthermore, OPTN knockout groups 
displayed an increase in phosphorylation of ULK1-S757, VPS34, and p62, as well as, a 
decrease in phosphorylation of GSK3β-S9, and ZBTB16.  
  
Our findings show that loss of OPTN decreases the phosphorylation of GSK3β-S9, which 
results in decreased levels of ZBTB16. With a decrease in ZBTB16, the Atg14/VPS34 
complex is unable to be inhibited via ubiquitination and therefore there is an increase in 
VPS34. This results in an accumulation of p62, indicating that autophagy is inhibited via 
the GSK3β/ZBTB16/Atg14 pathway. Furthermore, with the loss of OPTN, there is an 
increase in phosphorylation of ULK1-S757 and inhibition of autophagy via the ULK1/Atg13 
pathway. In the same time, OPTN KO abolished the canonical phosphorylation of ERK1/2 
following mGluR5 activation. Overall, these findings provide further evidence for the 
critical role of OPTN in mGluR5 signaling via canonical and non-canonical pathways.  
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Neurotensin (NT) is a tridecapeptide widely distributed in the central nervous system and 
the gastrointestinal tract. Among the three NT receptors identified, the high-affinity NT 
receptor NTS1 which belongs to the G-protein coupled receptor class mediates several of 
the central and peripheral effects of NT. In Human, the NTSR1 gene is located on 
chromosome 20q3 and contains three introns and four exons spanning more than 10 kb. 
Genetic variations in the NTSR1 gene have previously been associated with disease 
vulnerability and variation in drug responses. Indeed, single-nucleotide polymorphisms 
(SNPs) have been reported to be associated with schizophrenia, alcohol dependence and 
performances of processing speed and working memory in healthy Chinese-Han subjects. 
Likewise, NTSR1 gene variants were found to be associated with opiate dependence in 
population of European ancestry. Importantly, all these SNPs are located in intronic non-
coding DNA or untranslated 5’UTR and 3’UTR regions. Three SNPs in the coding 
sequence of the NTSR1 gene have, however, been identified in people from different 
ethnic origins. The variants A72V and V304I are respectively located in the first and sixth 
transmembrane domains whereas Q275H is present in the third intracellular loop. The 
mutation A72V is found in 1% of the Caucasian population, Q275H at 5% in the African 
population and V304I at 2% in combined populations. To our knowledge, these mutations 
discovered by genomic screening have not been associated with genetic susceptibility or 
phenotypes. The present study was therefore designed to determine whether these SNPs 
located in the hNTS1 coding sequence result in gain or loss of function. To this aim, we 
investigated whether these single mutations affected the NT binding to hNTS1, induced 
changes in receptor trafficking (i.e. internalization, cell surface expression) and modified 
the underlying signaling pathways associated to NTS1 activation. Our results reveal that 
the V304I mutant is biased in its potency toward ERK1/2 signaling. Furthermore, NT 
increases cell proliferation and migration in HCT-116 human cancer cells overexpressing 
the V304I mutant, compared with wild-type NTS1. Altogether, these results provide a 
better understanding of this single mutation on NTS1 receptor function and may highlight 
NTS1 as a potential target in cancer diagnosis, prognosis, and treatment. 
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GPR68 (aka OGR1), generally known as a proton sensing GPCR, responds to acidic 
extracellular environment and couples to multiple G-proteins for downstream signaling 
processes. It is expressed in most tissues and cells, especially high in the brain, and plays 
important roles in many biological and pathological processes. GPR68 is also activated 
or inhibited by divalent metal ions (such as Zn2+ or Cu2+), but it is not clear how GPR68 
responds to metal ions under different pH conditions and underlying molecular 
mechanisms are yet to be revealed. In this project, we first characterized various divalent 
metal ions under a wide pH range by measuring GPR68 mediated Gs-cAMP production 
in transiently transfected HEK293 T cells and demonstrated that divalent metal ions are 
GPR68 allosteric modulators that can activate or inhibit proton activity in a concentration 
and pH-dependent manner. GPR68 has seven extracellular Histidine (His) residues 
scattered in the N-terminal and extracellular loops. We then systematically mutated the 
extracellular Histidine residues and examined their roles in both proton-mediated receptor 
activation and allosteric modulation by divalent metal ions (Cd2+, Co2+, Ni2+, and Zn2+). All 
single Histidine to Alanine mutations reduced proton potency by different degrees, 
consistent with the notion that protonation at extracellular Histidine residues is critically 
involved in the receptor activation process. However, on allosteric modulation by metal 
ions, some Histidine mutations had little or no effect while some others became completely 
resistant. The differential consequences on proton activity and metal ion modulation 
indicate that some Histidine residues play dual roles and form a complex chelating 
network with divalent metal ions. Since the putative binding pocket for small molecule 
GPR68 PAMs (positive allosteric modulators) lorazepam or ogerin is in the 
transmembrane (TM) domains, we tested the metal ion modulation defective mutants with 
lorazepam and ogerin. Results revealed that both lorazepam and ogerin had essentially 
the same allosteric activity (Log(αβ/KB)) as at GPR68 wild-type receptor, suggesting that 
the Histidine mutations selectively disrupt metal modulation and GPR68 could be 
allosterically modulated by two independent mechanisms, one by divalent metal ions at 
extracellular surface and another by small-molecule PAMs in the TM domains. This 
provides a structural and mechanistic basis to design specific NAMs (negative allosteric 
modulators) to block metal ion modulation. Zn2+ is a critical metal ion as a 
neurotransmitter, Cd2+ is a toxic pollutant, Co2+ and Ni2+ are important trace elements. 
GPR68 modulations by these divalent metal ions may be physiologically and/or 
pathologically relevant. To block allosteric activation by metal ions, we have discovered a 
small molecular NAM MS27101. It has little inhibitory activity in the absence of divalent 
metal ions but can inhibit metal ion activation in concentration and pH-dependent manner. 
In summary, we have identified extracellular Histidine residues responsible for metal ion 
binding and allosteric modulation and discovered a lead NAM that can block metal ion 
modulation, providing a pathway to design small molecular NAMs as tool compounds to 
inhibit allosterically activated GPR68 by divalent metal ions. 
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The classical model of adrenergic signaling involves activation of G-protein-coupled 
receptors at the plasma membrane and G-protein-mediated signaling within the 
cytoplasm. A growing body of evidence suggests that adrenergic receptor signaling can 
also be initiated at intracellular membranes, including the nuclear membrane. We have 
obtained evidence that β1-adrenergic receptors (β1-AR) are localized to the nuclear 
envelope in cultured cortical astrocytes, suggesting that norepinephrine can activate G-
protein mediated signaling pathways in the nuclei of these cells. To begin testing this 
hypothesis, we used immunofluorescence and subcellular fractionation followed by 
western blot to examine the subcellular localization of β1-AR signaling partners. These 
studies indicate that, in addition to the cytosol and plasma membrane, key components 
of adrenergic signaling machinery, including Gsα, adenylate cyclase, protein kinase A, 
and phosphodiesterases, are localized to the nucleus in astrocytes. To determine whether 
nuclear β1-ARs are functionally coupled to the signaling machinery, we transfected 
cultured astrocytes with recombinant FRET sensors to monitor nuclear and cytoplasmic 
cAMP concentrations (ICUE3) and PKA activity (Ex-Rai AKAR) in real time. Treatment of 
astrocytes with norepinephrine led to increases in cAMP concentration in both cytosolic 
and nuclear compartments, and long-lasting increases in PKA activity in both 
compartments. These findings suggest that, in addition to plasma membrane receptor-
mediated actions, norepinephrine can exert actions directly at the nucleus. Access of 
norepinephrine to nuclear membrane-localized receptors would require transport of the 
ligand across both plasma and nuclear membranes. We previously demonstrated that 
organic cation transporter 3 (OCT3), a high-capacity transporter for norepinephrine and 
other monoamines, is localized to both plasma membranes and outer nuclear membranes 
in astrocytes and neurons. We used western blot on subcellular fractions obtained from 
cultured astrocytes to determine whether other monoamine transporters are also localized 
to the nucleus.  Immunoreactivity for OCT3, PMAT (Plasma Membrane Monoamine 
Transporter) and the norepinephrine transporter (NET) were detected both plasma 
membrane and nuclear fractions. Together, these studies suggest that norepinephrine 
can activate G-protein-coupled signaling pathways in the nuclear compartment by direct 
activation of β1-ARs localized to the nuclear membrane.  
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The G protein-coupled receptor (GPCR) superfamily is a major source of druggable 
targets in humans. However, only 14% of GPCRs are currently targeted by FDA-approved 
medications. Finding new therapeutic targets amongst the ~800 GPCRs is difficult since 
their tissue expression patterns, (patho)physiological roles, and signal transduction 
preferences are incompletely understood. GPCR signal transduction, in particular, is 
exceedingly complex as receptors have the potential to activate 16 different G proteins 
(collectively referred to as ‘the transducerome’) to elicit a multitude of cellular responses. 
Standard second-messenger assays typically cover only a minor fraction of the 
transducerome and do so with poor resolution given the redundancy within effector 
classes; therefore, many signaling pathways and their accompanying biology go 
undetected. Here we report the development of an optimized suite of Bioluminescence 
Resonance Energy Transfer 2 (BRET2) biosensors that detect activation of 14 non-visual 
G protein heterotrimers, which we dub TRUPATH (TRansdUcerome Profile Analysis of g 
protein paTHways). In addition to providing the first BRET2 sensors for Galpha15 and 
GalphaGustducin, our optimized TRUPATH heterotrimers function up to 100-fold better 
than comparable first-generation biosensors to facilitate wider and more sensitive 
profiling. Using TRUPATH sensors, we observed that G protein preferences for 
understudied and well-studied receptors can range from extremely selective (5-HT7 
serotonin receptor) to very promiscuous (NTSR1 neurotensin receptor). Within 
the tranducerome profiles of GPCRs we not only reproduced known signaling bias but 
also discovered new coupling preferences. To facilitate a more complete understanding 
of GPCR signaling and biology by the greater scientific community, we provide the 
complete suite of TRUPATH biosensors as an open-source resource through Addgene. 
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Class B GPCRs are important therapeutic targets for the treatment of major disease 
including migraine, irritable bowel syndrome, diabetes, obesity and 
neurodegeneration.  These are important therapeutic target class but have been difficult 
to study at a structural level due to high conformational flexibility and poor stability in 
solution.  In particular, fully-active GPCRs in complex with their key signalling partners (G 
proteins) was refractory to traditional x-ray crystallography approaches. We have applied 
single particle cryo-EM to determination of active GPCR structures.  Using this approach, 
we have determined novel structures of class B GPCR bound to agonist and G protein. 
  
These structures reveal the peptide ligand engages with both the ECD and TM bundle of 
receptors. Structures of different class B receptors reveal  distinctions in how different 
ligands engage within their respective receptors, including conformational differences 
induced within their ECDs and the tops of TMs 6 and 7.  However, these differences 
converge to common macromolecular changes at the intracellular face of the receptor 
associated with G protein activation that allow these receptors to couple to a common 
transducer. This includes a sharp kink induced within the centre of helix 6, resulting an 
outward movement of intracellular ends of helices 6 and 7 to accommodate G 
protein.  Collectively, these structures advance our understanding of how class B GPCRs 
are activated by agonists that allows them to couple to their canonical G protein.   
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Legally prescribed opioid analgesics activate mu opioid receptors (MOR) to effectively 
treat acute pain. They have low efficacy in managing chronic pain and can cause severe 
side effects. Within this context, delta opioid receptor (DOR) agonists are attracting 
considerable attention since they are effective in chronic pain management and produce 
less severe secondary effects as compared to MOR agonists. However, DOR agonists 
tend to induce analgesic tolerance, which remains a limitation for their chronic analgesic 
actions. 
Interestingly, DOR agonists differ in their ability to develop different degrees of tolerance 
which could be partially explained by differences in their receptor-induced trafficking 
profiles. Here, we were interested in finding out if DOR could also differ in activating 
different mechanisms of cellular tolerance, characterized by superactivation (SA) of the 
cAMP cascade.  
To start addressing this question, we generated comprehensive signaling profiles for six 
different DOR agonists by monitoring 12 different signaling outcomes with BRET-based 
biosensors expressed in HEK293 cells. Our analysis identified TIPP as a partial agonist 
with no barr signaling.  On the other hand, Deltorphine B (DELT), DPDPE, SNC-80 and 
ARM100390 displayed both barr and G-protein mediated responses that were similar to 
those of the endogenous agonist Met-Enkephaline (MET) with the exception  of a low 
efficacy in recruiting barr1.  
We then investigated whether DOR agonists differ in their efficacy to sensitize the cAMP 
pathway, the hallmark of cellular tolerance. To our surprise, all tested ligands produced 
SA, but, to different extent with the following rank order: MET>TIPP>DPDPE≥DELT> 
SNC-80≥ ARM100390. Interestingly, TIPP was the only ligand whose SA response was 
Ca2+-independent. Further investigation of the mechanisms involved indicated that Gi/o 
was essential to both TIPP and MET-driven SA but downstream mechanisms were quite 
distinct for these ligands. MET’s SA required Ca2+, calmodulin (CaM), and protein kinase 
C (PKC) while TIPP relied on SRC and Raf for its response. Taken together, these results 
indicate that mechanisms of cellular tolerance induced by DOR agonists are ligand-
specific.  
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    The nature and regulation of β1 and β2 adrenergic receptors (ARs) are well 
characterized as they were and still are the subject of many studies. The β3AR, on the 
other hand, is far less understood. The β3AR shares only 51% and 46% amino acid 
sequence homology with the β1AR and β2AR, respectively. This isoform is found mostly 
in adipocytes, regulating lipolysis and thermogenesis. In the heart, the β3AR possesses 
a unique property, namely opposing the classical inotropic effect of β1 and β2, thereby 
acting as a counteractor and preventing adrenergic overstimulation. In our efforts to 
investigate the regulation of G protein-coupled receptors, protein methyltransferase 5 
(PRMT5) was identified by LC-MS/MS proteomic analyses to be a potential interacting 
protein of various members of this receptor family.   
    PRMTs are enzymes responsible for the addition of methyl groups on arginines, a very 
common post-translational modification. They have a very wide range of substrates, 
leading to the regulation of many mechanisms, such as chromatin structure remodeling, 
cell cycle progression and signal transduction, just to name a few. Addition of methyl 
groups modify the nature of Arg residues, rendering them bulkier and hydrophobic. This 
modification may also prevent potential hydrogen bonds from forming. Arginine 
methylation therefore plays a key role in regulating protein-protein interactions. To date, 
9 PRMTs have been identified in the human genome. Almost all isoforms are type I 
PRMTs, responsible for asymmetrical arginine dimethylation. PRMT5 along with PRMT9 
are the only type II PRMTs, leading to symmetric dimethyl arginines. PRMT5 can 
associate with several protein cofactors, but the PRMT5-MEP50 complex is the most 
prevalent by far. MEP50, a WD-40 repeat protein, is thought to be responsible for 
substrate binding, as well as facilitating the orientation of the arginine-containing substrate 
segment to the PRMT5 catalytic domain. Testing of a shorter variant of PRMT5 (PRMT5S) 
lead to the observation of a few key differences between the most commonly found 
isoform (PRMT5L) and the latter. This shorter isoform is incapable of forming a complex 
with MEP50, indicating a possible change in substrate specificity. 
    In HEK293 cells, co-immunoprecipitation assays revealed an interaction between 
PRMT5 and the β3AR that is modulated over time by stimulation of the receptor with the 
selective agonist CL316’243. Using STED microscopy, we demonstrate that PRMT5S 
colocalizes with the β3AR at the plasma membrane, but also in what appears to be the 
Golgi apparatus, while PRMT5L shows a clustered localization in the perinuclear region. 
PRMT5 does not appear to affect total or cell surface expression of the β3AR. Expression 
of both variants promote ERK1/2 activation mediated by agonist stimulation of the β3AR. 
Western blotting experiments performed with an antibody that recognizes symmetric Arg 
dimethylation revealed that PRMT5L produces a time-dependent methylation of proteins 
upon β3AR activation. This indicates that β3AR stimulation can induce PRMT5 activity 
towards its substrates. Pulldown assays using the intracellular domains of the β3AR fused 
to GST suggest that the intracellular loop 3 and the C-terminal tail of the receptor are the 
major PRMT5 interaction domain. Further work is underway to characterize the differential 
regulation of the β3AR-mediated ERK1/2 and cAMP signaling pathways by the PRMT5 
variants, and the proteins methylated by PRMT5 following β3AR activation. 
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52 - mGluR5 antagonism prevents and recovers motor 
deficits in a virus-fibril inducible mouse model of Parkinson’s 
disease. 
 
Samantha C. Bureau1,2, Khaled S. Abd-Elrahman1, Shawn Hayley2, Stephen S. G. 
Ferguson1 
1University of Ottawa, 2Carleton University  
 
Parkinson’s Disease (PD) is a progressive neurodegenerative disease characterized by 
the loss of dopaminergic neurons in the nigralstriatal pathway and presence of Lewy body 
aggregates. These pathological hallmarks lead to a variety of motor and non-motor 
symptoms. There are currently no disease-modifying or neuroprotective therapeutic 
options. Evidence suggests regulation of metabotropic glutamate receptor 5 (mGluR5) 
signaling can positively affect both behavioural and pathological outcomes in preclinical 
neurodegenerative disease models (i.e. Alzheimer’s Disease (AD), Huntington’s Disease 
(HD), and PD). While there are many inducible preclinical models for PD, it is challenging 
to best model the disease as the underlying mechanism(s) for neurodegeneration in PD 
is unknown. Previously, we developed an inducible mouse model to elicit widespread α-
Syn pathology by pairing an α-Syn WT adeno virus (AV) with a preformed α-Syn fibril 
(PFF) injection, four weeks apart. This model was used to explore the effectiveness of 
CTEP, an orally available negative allosteric modulator (NAM) for mGluR5 on behavioural 
and pathological features. The current research explores both prevention and recovery 
based treatment strategies. C57BL/6 mice aged 10-12 weeks were subject to either an 
EGFP injection followed by a saline injection or an α-Syn WT AV injection followed by a 
PFF injection into the substantia nigra pars compacta (SNc). For the prevention strategy, 
CTEP dosing (2 mg/Kg) began one week prior to the second injection and continued every 
48 hours for 18 weeks. Chronic treatment with CTEP significantly protected motor 
performance on rotarod, limb coordination on the horizontal ladder, and locomotor activity 
in open field tests. For the recovery strategy, CTEP dosing (2 mg/Kg) began fifteen weeks 
after the second injection and continued every 48 hours for 8 weeks. Treatment with CTEP 
significantly recovered motor performance on rotarod and limb coordination on the 
horizontal ladder tests. These findings provide further evidence for future use of this novel 
mouse model to effectively recapitulate PD pathology. It also further evidence that 
mGluR5 NAM should be considered as potential therapeutic approach for PD patients.  
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53 - Bias factor toward β-arrestin-2 predicts analgesic 
efficacy at apelin receptor 
 
Élie Besserer-Offroy1,2,3, Mylène Lafrance2,3, Marc-André Dansereau2,3, Mona Ouirzane2,3, 
Nicole Bode4, Alexandre Murza2,3, Jean-Michel Longpré2,3, Richard Leduc2,3, Mark 
Behlke4, Éric Marsault2,3, Philippe Sarret2,3 

 
1Department of Pharmacology and Therapeutics, McGill University, Montréal, QC, 
Canada, 2Department of Pharmacology and Physiology, Université de Sherbrooke, 
Sherbrooke, QC, Canada, 3Institut de pharmacologie de Sherbrooke, Université de 
Sherbrooke, Sherbrooke, QC, Canada, 4Integrated DNA Technologies, Coralville, IA, 
USA 
 
The class A seven transmembrane domains receptor (7TMR) APJ is activated by its two 
endogenous ligands, apelin and Elabela. Apelin is a peptide neurohormone involved in 
water-intake balance, cardiovascular function and more recently, its shortest isoform, 
apelin-13, was demonstrated to exert potent analgesic effects following spinal or supra-
spinal delivery. In the present study, we aimed at deciphering by which signaling pathways 
the apelin peptide exerted its antinociceptive action. For this purpose, a series of apelin-
13 analogs incorporating unnatural amino acids in positions 12 and 13 were synthesized. 
Pro12 and Phe13 were respectively substituted by aminoisobutyric acid (Aib) and by the 
aromatic residues 1-Naphtylalanine (Nal) or 2-Nal. We first examined in vitro their ability 
to trigger different signaling pathways following binding to APJ, such as engagement of 
G-proteins Gai1, recruitment of β-arrestins 1 and 2, as well as efficiency to inhibit cAMP 
production. Then, the preference of the analogs to trigger a signaling pathway over 
another, referred to as biased signaling was quantified using the Black and Leff 
operational model. Our results revealed that all the tested compounds were less active 
than apelin-13 to inhibit forskolin-induced cAMP production with EC50 10- to 20-fold higher 
than the native peptide. However, three analogs were 2- to 8-fold more potent than apelin-
13 to recruit β-arrestin 2. These analogs exhibited a unique and conserved biased 
signaling profile towards β-arrestin 2 recruitment over inhibition of cAMP production with 
significant bias factors ranging from 35- to 83-fold in favor of the β-arrestin 2 recruitment. 
The antinociceptive activities of these newly synthesized compounds were then evaluated 
in the formalin-induced tonic pain model and in the CFA-induced chronic inflammatory 
pain paradigm in Sprague-Dawley rats. Interestingly, the apelin peptide analogs that were 
found to be more effective in reversing the formalin-evoked pain behaviors showed strong 
bias towards β-arrestin 2 recruitment. We are currently exploring in vivo the effects of the 
selective knockdown of β-arrestin 2 using DsiRNAs on the analgesic efficacy of these 
apelin peptides. Taken together, our results demonstrate that incorporation of unnatural 
amino acids at the C-terminal end of the apelin peptide impacts on the APJ receptor 
signaling and that the development of β-arrestin 2 biased APJ agonists may represent a 
promising strategy to identify more effective analgesic candidates. 
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54 - Dichotomic efficacy of orthosteric blockade or pepducin-
based allosteric antagonism of the CCR2 receptor in the 
pathophysiology of chronic pain 
 
Élora Midavaine1, Rebecca Brouillette1, Christine Mona1, Jean-Michel Longpré1, Éric 
Marsault1, Philippe Sarret1 
1Université de Sherbrooke 
 
Chemokine and chemokine receptors are important drivers of cancer proliferation and 
pain signaling. In particular, CCR2, a G-protein coupled receptor (GPCR) overexpressed 
in many types of human cancer, facilitates the progression of cancer metastasis. Its ligand, 
the C-C ligand 2 chemokine (CCL2) is also an important contributor to the development 
of metastatic diseases by promoting extensive tumor cell proliferation. In addition, CCL2 
is known as a key player in nociceptive signaling inducing pain facilitation through its 
binding to CCR2. As a potent chemoattractant, CCL2 further drives myeloid and lymphoid 
cell recruitment to sites of inflammation. Given its role in cancer progression and pain 
modulation, CCR2 blockade appears promising to reduce metastatic growth and improve 
pain control. Unfortunately, the development of antagonists targeting CCR2 at its 
extracellular orthosteric site has led to clinical trial failures, probably due to the high-
degree of redundancy within the chemokine network. This drug development failure thus 
provides a rationale for implementing alternative therapeutic strategies to interfere with 
the CCR2 signaling. To this end, we developed and characterized cell-penetrating 
palmitated peptides derived from the first and third intracellular loops of the CCR2 
receptor, namely pepducins, displaying allosteric antagonist activity on CCL2-induced 
downstream signaling pathways. Our pepducins were compared to three CCR2 
orthosteric antagonists – RS 504393, V-13-001242 and AZ889. Our results demonstrate 
that both pepducins and antagonists targeting CCR2 yield significant anti-cancer activity 
in vitro through altered cell cycle and decreased cell survival. In vivo, both orthosteric and 
allosteric modulation of CCR2 were effective at preventing CCL2-induced acute pain. 
However, in a chronic metastatic bone pain model, repeated administrations of CCR2 
antagonists failed to alleviate pain while the pepducins acting at CCR2 achieved robust 
and long-lasting analgesia. Bone cancer pain induces increased neurotransmitter 
expression, innate and adaptive immune cell recruitment and resident glial cell activation 
in the dorsal root ganglia, as well as increased neuronal activity in the spinal cord. Our 
results revealed that the pepducins targeting CCR2 reverse all of the molecular and 
cellular changes associated with the tumor-induced bone pain. Altogether, as opposed to 
CCR2 orthosteric antagonism that remains ineffective in reversing bone cancer pain, 
CCR2 allosteric modulation altering the neurochemical and neuroimmune communication 
networks in the dorsal root ganglia and spinal neural nociceptive activity, results in a 
reduced pain phenotype. In conclusion, the underlying mechanisms associated with the 
CCR2 nociceptive signaling differ in acute and chronic pain settings and targeting the 
receptor on its orthosteric site or allosterically uncovers distinct analgesic efficacies.  
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55 - mGluR5 regulates Amyloid β-mediated signaling and 
pathology in a sex-specific manner 
 
Khaled Abd-Elrahman1, Alison Hamilton1, Awatif Albaker1, Stephen Ferguson1 
1University of Ottawa Brain and Mind Institute 
 
Alzheimer’s disease (AD) is characterized by the accumulation of beta amyloid (Aβ) 
oligomers, causing neuronal loss and cognitive decline. Genetic or pharmacological 
silencing of mGluR5 rescued cognitive function and reduced Aβ aggregation in male 
APPswe/PS1ΔE9 (APPswe) mouse model of AD 1,2. The favorable outcomes of mGluR5 
silencing in male APPswe were attributed to the activation of a novel ZBTB16-medaited 
autophagic mechanism downstream of metabotropic glutamate receptor 5 (mGluR5) 3,4. 
Clinical and experimental evidence indicates a divergent AD pathology between males 
and female that warrant further investigation 5. Specifically, our results show that Aβ 
oligomers can activate mGluR5 and inhibit autophagy to further exacerbate AD-like 
pathology in neuronal cultures from male but not female mouse embryos.  Therefore, we 
employed the mGluR5-selective negative allosteric modulator (NAM), CTEP, to examine 
whether it will differentially modulate cognitive deficits and Aβ pathology in female and 
male APPswe mice and the potential underlying mechanism(s) of this differential 
regulation.  Six-month-old male and female APPswe and wild type mice were orally-
treated with either vehicle or CTEP every 48 hours (2mg/kg) for 12 weeks. All groups were 
assessed for changes in cognitive function in novel object recognition task and Morris 
Water Maze. Brains were harvested for biochemical and immunohistochemical analyses. 
Unlike males, CTEP treatment in female APPswe mice did not improve recognition scores 
of novel objects or time spent in target quadrant in Morris water maze. Vehicle-treated 
male and female APPswe mice exhibited higher level of Aβ oligomers and plaques as well 
as elevated markers of neurogliosis compared to control. To our surprise, CTEP 
significantly reduced Aβ burden and neuroglial activation only in male mice but not female 
APPswe mice. In addition, mGluR5 blockade in male APPswe mice enhanced GSK3β-
mediated ZBTB16 autophagic signaling and CREB-dependent expression of BDNF. 
However, the changes in autophagy, neuronal survival and glial activity markers that we 
detected in CTEP-treated male APPswe mice were not evident in similarly-treated 
females. We then quantified surface expression of mGluR5 and detected 2.5-fold increase 
in male yet 0.5-fold decrease in the female APPswe mouse hippocampus. We provide 
evidence, and for the first time, that some aspects of mGluR5 signaling in AD are not 
conserved between males and females due to differences in surface delivery of mGluR5 
and these sex-specific differences must be considered when embracing mGluR5 as a 
potential drug target for AD.   
  
1.        Hamilton, A. et al. Cell Rep. 15, 1859–65 (2016). 
2.        Hamilton, A. et al. Mol. Brain 7, 40 (2014). 
3.        Abd-Elrahman, K. S. et al. Mol. Brain 11, (2018). 
4.        Abd-Elrahman, K. S. et al. Sci. Signal. 10, eaan6387 (2017). 
5.        Hampel, H. et al. Front. Neuroendocrinol. 50, 31–51 (2018). 
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56 - Activation of ZBTB16-mediated autophagic clearance of 
Amyloid β in APPswe mice following mGluR5 blockade is 
disease stage-dependent  
 
Khaled Abd-Elrahman1, Alison Hamilton1, Stephen Ferguson1 
1University of Ottawa Brain and Mind Institute 
 
Alzheimer’s disease (AD) is the most prevalent neurodegenerative disease, characterized 
by progressive memory loss and cognitive decline and current therapeutic strategies are 
not curative wiht limited efficacy. Beta-amyloid (Aβ) protein is considered the principal 
neurotoxic species in AD brains. We proved that inhibiting mGluR5 signaling using the 
selective negative allosteric modulator (NAM) CTEP in male APPswe/PS1ΔE9 (APPswe) 
mice as early as 6 months of age can rescue cognitive function, activate ZBTB16-
mediated autophagy pathway to mitigate Aβ pathology 1,2. However, it is not known 
whether the favorable outcomes of treatment with mGluR5 NAM will be evident in the 
advanced stages of the disease. Here, six-month-old male APPswe and wild type mice 
were divided into two main groups and orally-treated with vehicle or CTEP every 48 hours 
(2mg/kg) for either 24 or 36 weeks. All groups were assessed after treatment for changes 
in cognitive function in novel object recognition test and Morris Water Maze. Brains were 
harvested at the age of 12 months (following 24-week treatment) or 15 months (following 
36-week treatment) for biochemical and immunohistochemical analyses. CTEP-treated 
12-months-old APPswe mice exhibited significant improvement in spatial and working 
memory when tested in novel object recognition and Morris water maze tasks, 
respectively. This was paralleled by a significant reduction in Aβ oligomer and plaque load 
when compared to vehicle-treated age-matched APPswe mice. ZBTB16 and mTOR 
autophagic pathways were inhibited in vehicle-treated 12-month-old APPswe mice and it 
was evident that treatment with CTEP for 24 weeks mitigated this aberrant regulation of 
autophagy via those two pathways. Surprisingly, when 15-months-old CTEP-treated 
APPswe mice were assessed, they were cognitively impaired and the Aβ burden was 
exacerbated. Moreover, we did not detect any changes in the activity of ZBTB16 or mTOR 
pathways in either vehicle- or CTEP-treated mice at this age after 36 weeks of 
treatment.  Our findings suggest the contribution of mGluR5-mediated regulation of 
ZBTB16 and mTOR autophagic pathway does not play a major role in AD pathophysiology 
in the late stages. This can explain the lack of mGluR5 NAM efficacy in abrogating AD 
symptoms and pathology in 15-month-old APPswe mice and provide evidence that the 
disease stage should be carefully taken in account before embracing mGluR5 for 
treatment of AD    
1.         Hamilton, A. et al. Cell Rep. 15, 1–7 (2016). 
2.         Abd-Elrahman, K. S. et al. Mol. Brain 11, (2018). 
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57 - Nano-TANGO: High-Throughput Screening of 
Nanobodies Against GPCRs 
 
Samuel Slocum1, Tao Che1, Justin English1, Bryan Roth1 
1Department of Pharmacology, UNC Chapel Hill School of Medicine 
 
In the study of G-protein coupled receptors (GPCRs), there is perhaps no more important 
phenomenon than the ability of extracellular effectors to influence the dynamic multiplicity 
of conformational states of receptors and the ability of these states to induce specific 
intracellular signaling cascades.  In order to dissect this phenomenon, many strategies 
have been developed, including constitutively active and inactive mutant receptors, 
receptor chimeras, and antibodies against GPCRs.  More recently, a great deal of 
progress has been made utilizing single-domain camelid antibodies (nanobodies) raised 
against GPCRs.  Indeed, it has been demonstrated that these nanobodies can specifically 
interact with and stabilize active or inactive conformational states of GPCRs, as 
demonstrated through direct and indirect binding, downstream signaling, resonance 
energy transfer experiments, and structural determination. Because of these properties, 
nanobodies have been repeatedly demonstrated to be valuable tools in the study of the 
pharmacology, structure, and intracellular trafficking of GPCRs.  Thanks to new 
technologies such as VEGAS (Viral Evolution of Genetically Actuated Sequences; English 
et al, Cell 2019), the generation of large libraries of nanobodies against specific GPCR 
active states is now greatly facilitated.  However, the ability to screen the resulting 
nanobodies for selectivity has been labor-intensive, especially when multiple comparisons 
are desired.  Here, we describe an adaptation of the Presto-TANGO system that enables 
the high-throughput, scalable screening of the human GPCRome against intracellular 
nanobodies, termed Nano-TANGO.  This system utilizes a three-plasmid transfection 
system in HEK293T cells: 1) Tango-modified GPCR constructs (V2 tail, tobacco etch virus 
[TEV] protease site, and tTA signal peptide), 2) a reporter plasmid containing a tetO-driven 
luciferase gene, and 3) a nanobody plasmid expressing a nanobody fused either N- or C-
terminally to TEV protease.  The previously-characterized anti-KOR Nb6 (Che et al, Cell 
2018) was fused to TEV and used as a control, as it is highly selective for the inactive 
state of opioid receptors.  Initial screening was carried out at a consistent ratio of 
GPCR:reporter:nanobody-TEV plasmids (10:2:3), and follow-up validation used a 
constant ratio of GPCR:reporter and a variable amount of nanobody-TEV plasmid.  Basal 
luminescence was determined with reporter, receptor, and TEV without nanobody.  In 
initial screens, positives that were later validated in follow-ups had signals between 10- 
and 200-fold of basal luminescence.  We have screened many nanobodies with validated 
GPCR targets from other assay systems and have compiled their selectivity relative to 
that of Nb6 for the kappa opioid receptor and the results will be presented. In summary, 
we have developed a scalable, high-throughput system to rapidly screen nanobodies 
against the human GPCRome in the presence of agonists, antagonists, and modulators. 
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58 - A Dual-Dual Expression System for Purification of G 
Protein Alpha Subunits and Heterotrimers 
 
Maiya Yu1, Gregory Tall1 
1University of Michigan 
 
Heterotrimeric G proteins are transducers of diverse signals received from G protein 
coupled receptors. There are 15 Gα subunits, 5 Gβ subunits, and 12 Gγ subunits that 
theoretically  comprise ~900 combinations of G protein heterotrimers.  In practice, most 
Gβγ heterodimers are biochemically indistinguishable and therefore production of pure G 
protein heterotrimers has consisted of co-expressing the Gα subunit of interest and the 
workhorse Gβ1Gγ2 heterodimer.  As G proteins are also covalently modified with lipid 
molecules that affect function, recombinant G protein production has been performed in 
eukaryotic Sf9 cells.  To date, this expression platform has required co-infection of several 
recombinant baculoviruses, which require tedious preparation and often overburdens cells 
with a high viral load that limits efficient protein production.  Our lab has also identified the 
molecular chaperones, Ric-8A and Ric-8B as important factors that collectively fold all Gα 
subunits, and due to low abundance of endogenous Sf9 Ric-8, limits the production of 
some recombinant G proteins.  To circumvent these disadvantages, we developed a 
streamlined approach utilizing bicistronic pFastBac Dual vectors to produce recombinant 
baculoviruses that co-express the Ga subunit of interest with Ric-8A or Ric-8B and a 
separate baculovirus that produces His8-Gβ1 and Gγ2.  This approach facilitates the 
production and titration of only two recombinant baculoviruses and a reduced viral burden 
during the protein production phase, which markedly improves yield of Gα subunits or G 
protein heterotrimers.  G protein heterotrimers are first captured by metal chelate 
chromatography and subsequently enriched using combinations of ion exchange and gel 
filtration chromatographies.  Results will be presented demonstrating unprecedented yield 
and purity of each Gα subunit and G protein heterotrimer. 
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59 - Intracellular trafficking and signaling of the mu-opioid 
receptor variant N40D 
 
Caroline Hernandez-Casner1,2, Manojkumar A. Puthenveedu1,2 
1University of Michigan, 2Department of Pharmacology 
 
The opioid overdose crisis has skyrocketed over the past few years resulting in about 130 
deaths daily and nearly 1.7 million people battling substance use disorder related to 
prescription opioid pain relievers. Individual susceptibility to opioid overdose and 
addiction is largely determined by genetic variation. One gene in which genetic variation 
is linked to differences in opioid efficacy and potency is the mu-opioid receptor (MOR), a 
primary target of many clinically abused drugs. The gene for MOR, known as OPRM1, 
has several naturally occurring single nucleotide polymorphisms (SNPs). Among these 
SNPs is A118G (or N40D) which is the most prevalent.  N40D causes an Asn to Asp 
switch leading to the removal of an N-glycosylation site and is associated with various 
disorders including substance use disorder. However, how this and other SNPs change 
MOR function at molecular and cellular levels are still unknown. To address this gap, we 
examined the effect of the N40D mutation on two key aspects of receptor function: 
trafficking and signaling. Our results suggest that N40D variant receptor may alter 
endocytic trafficking resulting in downstream changes in receptor signaling. These results 
have profound implications to understanding the pharmacogenetics of opioid physiology 
and developing personalized care in the future.  
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60 - CHARACTERIZING THE CELL BIOLOGY OF PROTON-
SENSING RECEPTOR GPR65 
 
Loyda Morales-Rodriguez1, Stephanie E. Crilly2, Manojkumar A. Puthenveedu1,2 
1Department of Pharmacology, University of Michigan, Ann Arbor, 2Program in Cellular 
and Molecular Biology, University of Michigan, Ann Arbor 
 
Proton-sensing G-protein coupled receptors (GPCRs) allow cells to sense and respond to 
changes in extracellular pH. Although pH disturbances have profound effects on cell 
function and disease progression, little is known about how proton-sensing GPCR 
activation, trafficking and signaling from distinct intracellular compartments contributes to 
cellular responses. Here we use GPR65, a proton-sensing GPCR that contributes to 
pathological conditions characterized by acidic tissue microenvironments such as, 
ischemia, cancer, and chronic inflammatory conditions, as a prototype to study these 
questions. We use live imaging of HEK293 cells expressing tagged versions of our protein 
of interest, GPR65, to visualize receptor trafficking, sorting to intracellular compartments, 
and receptor activation using signaling and conformational biosensors in real time. 
Characterizing GPR65 trafficking and activation within the endosomal pathway will help 
us understand how proton-sensing receptors contribute to normal physiology and disease 
and provide new strategies to treat pathological conditions associated with acidic 
microenvironments. 
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61 - Novel anti-Glucagon-like peptide-1 receptor (GLP-1R) 
antibodies with agonistic and antagonistic properties 
 
Burcu Hasdemir1, Erica Keane1, Ana Lujan1, Emily Tuscano1, Emily Sever1, Eric Kwan1, 
Pankaj Garg1, Tom Yuan1, Qiang Liu1, Fumiko Axelrod1, Aaron Sato1 
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GLP-1R (Glucagon-like peptide-1 receptor) is a class B GPCR and the receptor for the 
incretin GLP-1 that is released in response to food. The receptor signals through both Gαs 
and Gαq coupled pathways to stimulate insulin secretion. It is heavily targeted for the 
treatment of type 2 diabetes. Utilizing Twist’s precision DNA writing technologies, Twist 
Biopharma has established a GPCR antibody discovery platform using GPCR-focused 
scFv and Fab phage display libraries with 1x10^10 diversity. Here we present our 
discovered antibodies against GLP-1R. Some of which act as agonists, some have 
antagonistic properties, and some have no functional effects. 
Our discovery cycle involved cell-based selections with GLP-1R overexpressing CHO 
cells, NGS sequencing, reformatting of full-length IgG for mammalian expression, high-
throughput IgG production and purification, cell-based binding assays coupled with flow 
cytometry analysis, and functional assays with an initial focus on cAMP production. cAMP, 
beta arrestin recruitment and activated receptor internalization assays were obtained from 
Eurofins DiscoverX and utilizing GLP-1R overexpressing CHO-K1 or U2OS cells. They 
were used to test for either agonist activity of the IgGs as compared with the natural 
peptide agonist GLP1 (7-36) or for antagonistic activity of the IgGs by pre-incubating cells 
with them and examining their effects on GLP1 (7-36)-induced signaling. 
Multiple IgGs against GLP-1R were identified that bound with affinities in the nM range. 
In the various IgGs the HCDR3 (heavy-chain complementary-determining region 3) that 
confers binding activity and specificity, was found to include either a GLP1 or GLP2 motif, 
or in some of the IgGs no known motif. IgG TB01-2 for example had no known motif, 
bound the receptor but had no effect on cAMP signaling. IgGs TB01-3 and TB26-241 had 
GLP1 motifs, bound and caused a right shift in the dose-response curve of GLP1 (7-36)-
induced signaling, thus acting like antagonistic modulators. GLP1 (7-36) ligand binding 
competition assays indicated that TB26-241 was binding the receptor at the orthosteric 
site, while this was not as clear for TB01-3. To obtain antibodies that act as agonists, we 
engineered antibody fusion proteins by linking the GLP1 (7-36) peptide to various 
combinations of our existing anti-GLP1R IgGs via a peptide linker to the light chains of the 
IgGs. We thereby developed at least three IgGs (TB59-2, TB59-241, and TB59-243) that 
induced cAMP signals with similar to GLP1 (7-36) potency. They also induced beta 
arrestin recruitment and receptor internalization as would be expected of agonists. 
Antibodies which target GPCRs have promising therapeutic advantages over small 
molecule drugs, such as heightened target specificity and reduced drug dosing frequency. 
We have developed novel anti-GLP-1R antibodies with agonistic and antagonistic 
properties that have the potential to be developed into therapeutics. 
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62 - Loss of optineurin disrupts metabotropic glutamate 
receptor 5- mediated regulation of Akt/mTOR pathway 
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Optineurin (OPTN) is a cytosolic protein that mediates a network of cellular processes 
regulating membrane trafficking, inflammatory response and autophagy. OPTN functional 
interactome includes a variety of binding partners including group I metabotropic 
glutamate receptors (mGluR1 &5), a member of Gq/11 protein receptor family. We have 
previously reported that mGluR5, in addition to its G protein-mediated pathway, triggers 
parallel signaling that regulate cellular homeostasis. Particularly, mGluR5 supports cell 
survival by activating protein kinase B (Akt) and mammalian target of rapamycin (mTOR) 
pathways, an effect coupled with reciprocal suppression in autophagy. Despite its 
potential involvement, the role of OPTN in mediating mGluR5 downstream networks 
remains largely unknown. In this study, we conducted CRISPR/Cas9 deletion of Optn 
gene in two different cell models; HEK-293 and STHdhQ7 neuronal cell lines.  Successful 
OPTN knockouts were confirmed by genomic sequencing and western blotting. Two 
OPTN-/- clones from each cell line were selected for our experimental design (OPTN KO-
1 & -2). Both basal and agonist-stimulated IP3 formation were reduced in mGluR5-
transfected OPTN knockout cells compared to mGluR5-transfected control cells. 
Moreover, loss of OPTN altered Akt/mTOR signaling. Specifically, the loss of OPTN 
blunted mGluR5-mediated increase in Akt phosphorylation in both HEK-293 and 
STHdhQ7cells. The effect was coupled with suppression of agonist-mediated activation of 
its downstream target, P70S6K and 4E-BP1 activation. Taken together, the data suggest 
that OPTN is crucial for mGluR5 canonical Gq/11-signaling and IP3 formation. Moreover, 
the results provide evidence for the novel role OPTN in Akt/mTOR regulation via mGluR5. 
  



 113 

63 - Characterization of a new Cell Penetrating Peptide as 
intracellular delivery tool. 
 
Andréanne Laniel1, Etienne Marouseau1, Éric Marsault1, Christine Lavoie1 
1Université de Sherbrooke 
 
Cell-penetrating peptides (CPPs) are drug delivery vehicles because of their capacity to 
induce efficient cellular uptake of molecules that otherwise do not enter cells. Amongst 
cationic CPPs, the guanidinium-rich transporters (GRT) emerged as efficient delivery 
agents given their increased plasma stability. We recently designed novel peptoid GRTs 
bearing conformationally restricted guanidinium display with the goal to study their impact 
on cellular delivery and selectivity. 
  
In this study, we compared the cellular penetration efficiency and specificity, the endocytic 
pathways and endosomal escape of these GRTs to the nona-arginine (R9), a well 
characterized CPP, in two cancer cell lines HeLa and MCF7 cells. Flow cytometry was 
used to test the penetration of the GRTs and R9 by measuring the average fluorescence 
of their cargo, fluorescein. The results showed that guanidinylated compounds start 
entering HeLa cells with 6 guanidines and showed a maximal uptake of 75% of the 
reference R9 for 8 guanidines (named PGua4). This level of absorption is lower in MCF7 
cells where PGua4 has only a cellular penetration rate of 30%, suggesting some level of 
cell selectivity. 
The specific endocytic pathway of PGua4 was next characterized by live cell confocal 
microscopy using various internalization inhibitors and selected Rab protein markers of 
intracellular compartments. Similar to R9, PGua4 is partly internalized through an energy-
dependent pathway and is also found in early (Rab5), late (Rab7) and recycling (Rab11) 
endosomes as well as in the cytoplasm and nucleus. Preliminary data suggest that 
PGua4, unlike R9, escapes from the endosomes into the cytoplasm, which would allow a 
cargo to reach its therapeutic targets. We are currently quantifying the level of endosomal 
escape of these compounds using the split GFP technique. We next plan to characterize 
the molecular interactions involving this cell-penetrating peptide to better understand its 
mechanism of action. 
  
In conclusion, we identified and characterized a novel CPP with potential efficacy to 
deliver therapeutic compounds to their intracellular target.  
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The angiotensin II (AngII) type I receptor (AT1R) is a central regulator of cardiovascular 
and renal homeostasis. Activation of AT1R by the peptide hormone AngII triggers 
vasoconstriction and aldosterone synthesis, resulting in an increase in blood pressure. 
The effects of AngII are countered by small molecule angiotensin receptor blockers, which 
are common antihypertensive drugs. Additionally, endogenous antibodies can modulate 
AT1R signaling and are associated with autoimmune and cardiovascular disease. Inspired 
by these AT1R-targeting antibodies, we searched our synthetic yeast display library for 
camelid heavy chain only antibody fragments (nanobodies) capable of modulating AT1R 
signaling. Ongoing work focuses on elucidating how the nanobody recognizes the 
receptor and determining the potential use of nanobodies to modulate AT1R signaling in 
vivo.  
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The regulation of G protein-coupled receptors (GPCRs) for prostaglandins is poorly 
characterized compared to other GPCRs in general. Their significant intracellular 
distribution and the fact that their membrane permeable agonists can be synthesized 
intracellularly in the vicinity of the receptors raise interesting questions regarding their 
signaling and regulatory properties. Here, we have investigated two prostaglandin 
receptors, the prostaglandin D2 (DP1) and thromboxane A2 (TPb) receptors. Signaling 
through DP1 causes inhibition of platelet aggregation, bronchodilation, and vasodilation 
and inhibition of apoptosis of eosinophils, migration, and degranulation of basophils as 
well as inhibition of bone resorbing activity. On the other hand, TPb is a potent stimulator 
of platelet aggregation and secretion and is implicated in the constriction of bronchial and 
vascular smooth muscle. We have performed LC-MS/MS proteomic analyses of DP1 and 
TPb expressed in HEK293 cells to identify interacting proteins that might be involved in 
their regulation. Of particular interest, the Acyl-CoA oxidase 1 (ACOX1) protein was 
identified as an interactor of both receptors. ACOX1 is the first and rate-limiting enzyme 
that catalyses the β-oxidation of very long-chain fatty acids (>20 C) leading to H202 
production. Interestingly, ACOX1 is the enzyme that metabolizes prostaglandins, the 
ligands of the receptors under study. The ACOX1 interaction with DP1 and TPb was 
confirmed by co-immunoprecipitation and western blot experiments in HEK293 cells. The 
interaction was differentially regulated after agonist stimulation of the two receptors. 
Confocal microscopy studies showed that TPb and ACOX1 co-localize in intracellular 
vesicles. Pulldown experiments using the intracellular domains of TPb fused to GST 
revealed that the C-terminal tail of the receptor is a major determinant in the interaction 
with ACOX1. Time-course analyses of agonist-induced ERK1/2 activation indicated that 
DP1 and TPb signaling are differentially regulated by ACOX1 co-expression. To the best 
of our knowledge, this is the first demonstration of an interaction between GPCRs and 
ACOX1. Our results raise the intriguing possibility that prostaglandin receptors could be 
regulated by an interaction with the enzyme that metabolizes their agonists. On the other 
hand, it is also plausible that prostaglandin receptors could modulate the activity of the 
enzyme responsible for the degradation of their ligands. 
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Cancer is a worldwide major health issue due to the aging population and to environmental 
effects amongst other factors. The role of growth factor receptors in cancer is well 
documented, but increasing scientific evidences point toward the involvement of G 
protein-coupled receptors (GPCRs) in the different stages of cancer development. The 
tumorigenic process is divided into three steps: initiation, promotion and tumor 
progression 1.  Metastasis is based on the capacity of cancer cells to migrate during the 
first stage of tumorigenesis and is the main cause of cancer death. Thus, identification of 
new targets involved in cancer development is a major challenge to improve diagnostic 
and treatment.  
  
Past research has identified the GPCR P2Y6 as such innovative target 2-6. In fact, P2Y6 
activities were involved in different stages of colorectal tumorigenesis 2-6. We have shown 
that P2y6-/- mice significantly develop fewer tumors than control mice in a CRC mouse 
model 2. Other studies have confirmed that the P2Y6 receptor accelerated migration of 
normal rat intestine IEC-6 cells 3, mouse myoblasts C2C12 cell line 4  and played a role in 
the epithelial to mesenchymal transition (EMT) and cell migration of breast cancer MDA-
MB-468 cells 5,6. Surprisingly, there is sparse information about the potential influence of 
P2Y6 action in cancer cell migration and on the signaling involved in this process.  
  
In this work, we showed that P2Y6 activation in A549 human lung cancer cells accelerated 
cell migration using wound healing assays. This migratory stimulating effect was the result 
of the formation of filopodia and focal adhesions, both known as migrating structures. The 
generation of these structures was mediated by two independent pathways involving 
Gαq/calcium/PKC and ROCK. 
  
These pathways led to the stabilization of the actin cytoskeleton through the 
phosphorylation of cofilin on Ser3. These results are thus supporting the idea that the P2Y6 
receptor could be targeted to reduce or even block the migration of cancer cells. 
  
  
1 Bar-Shavit R et al., 2016; 2 Placet M et al., 2018; 3 Nakamura T et al., 2013; 4 Wang W 
et al., 2018; 5 Azimi I et al., 2016; 6 Ma X et al., 2016.  
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Biosensors are an emerging technology for gaining information normally restricted to 
analytical technique. Opioids detection presents a potential application of biosensors. 
Opioids are a valuable pharmaceutical for the treatment of extreme pain. Opioids are also 
highly addictive and synthetic opioids are responsible for an increasing number of deaths. 
An opioid biosensor can help both these problems. A biosensor can aide in the discovery 
of novel opioids and provide a tractable system for modeling opioid 
effects. Saccharomyces cerevisiae is emerging as a premier system for g-protein coupled 
receptor biosensors. Heterologous g-protein couple receptors can be connected to the 
native mating response pathway. This allows signal transduction and transcriptional 
response to any GPCR that can be functionally expressed. Functional expression of 
heterologous GPCRs in S. cerevisiaeremains a major barrier. Expression of µ-opioid 
receptor(MOR1) has remained elusive. After initial expression failed to activate the mating 
response, fluorescent microscopy determined MOR1 fails to localize to the plasma 
membrane. localization signals have led to alternative intracellular localizations. Adaptor 
protein complexes (AP) 1-3 were deleted in effort to redirect protein away from the 
vacuole. Cholesterol is required for MOR1 function. Our strain was engineered to produce 
cholesterol as its dominant sterol. While likely still required for function it showed little 
change in localization. GPCRs can function as detectors for a diverse set of molecules. 
Understanding trafficking and expression remains a limiting factor in their application. 
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Our understanding of the intricacies of vesicular transport has come a long way in the last 
few decades, yet knowledge regarding the selection and sorting of cargo proteins along 
the plethora of vesicular routes is still scarce.  Accumulating evidence indicate that 
GPCRs interact with Rab GTPases during their intracellular trafficking. How GPCRs 
recruit and activate Rabs is unclear. Rab4 is one of the main regulators of fast recycling 
at the plasma membrane. In the present study, we identify a new Rab4 interacting protein, 
Lipocalin-type Prostaglandin D2 Synthase (L-PGDS), which facilitates the recycling of 
DP1(the  G protein coupled receptor for PGD2) at the cell surface. 
Our results show that depletion of endogenous Rab4 by RNA interference prevented L-
PGDS-mediated recycling of DP1, while L-PGDS depletion inhibited Rab4-dependent 
recycling of DP1, indicating that both proteins are mutually involved in this pathway. DP1 
stimulation promoted its interaction with Rab4, which was increased by L-PGDS co-
expression. Confocal microscopy revealed that DP1 activation induced L-PGDS/Rab4 co-
localization. L-PGDS/Rab4 co-immunoprecipitation was increased by DP1 agonist 
treatment and was detected at endogenous levels. GST-pulldowns using purified GST-L-
PGDS and His6-Rab4 indicated that both proteins can interact directly. L-PGDS interacted 
preferentially with the dominant-negative Rab4-S22N (“GDP-locked”) mutant over the 
wild-type Rab4 and constitutively active Rab4-Q67L proteins. We observed with 
overexpression and depletion experiments in HeLa cells that L-PGDS partakes in Rab4 
activation following DP1 stimulation. In vitro GTPgS-loading assays using purified proteins 
suggested that L-PGDS can enhance GDP-GTP exchange on Rab4.  Studies with 
deletion mutants and synthetic peptides revealed that amino acids 85-92 of L-PGDS are 
involved in the interaction with Rab4, as well as in the effect on DP1 recycling. We 
performed solution NMR on Rab4 and assigned its HSQC spectrum.  This allowed us to 
characterize the molecular determinants of the L-PGDS 85-92 peptide binding on Rab4. 
The biochemical and biophysical parameters of the L-PGDS peptide binding to Rab4 are 
presently characterized in details. This knowledge will be used to develop stable, cell-
permeable analogues of the peptide that could act as inhibitors of Rab4 activation. These 
compounds could be useful pharmacological tools of intervention to study Rab4 function 
in fundamental research, but perhaps also as future therapeutic avenues in various 
diseases, such as breast cancer progression. 
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G protein-coupled receptors (GPCRs) have the ability to transduce, when activated by 
different ligands, intracellular signaling in a broad range of molecular responses which 
can be measured by in vitro cell-based assays. This diversity of signaling possibilities is 
the basis of functional selectivity, a pharmacological property that describes the ability of 
certain ligands to preferentially activate one signaling pathway over another. Ligand-
specific signaling profiles offer the opportunity to target signals underlying therapeutic 
responses and to avoid those responsible of undesired side effects. Following this line of 
thought, we recently described a method that uses logistic and operational parameters 
from different in vitro BRET readouts to classify mu opioid receptor (MOR) ligands and 
identify those that preferentially activate G protein responses over βarr recruitment. The 
selection of pharmacological parameters to be used in the analysis is essential to 
effectively distinguish drugs with diverse signaling profiles. In order to guide this selection 
independent of idiosyncrasies in experimental datasets, we generated a diverse set of 
320 virtual compounds with 16 prototypical signaling profiles across 6 different possible 
readouts. Profiles showed different bias and potencies/efficacies between the readouts 
and were created by choosing random pairs of τ and KA within a specified range. Using 
the operational and logistic models, simulations were then conducted to fit the 
corresponding dose response curves and noise was incorporated to mimic the error 
associated with the fitting parameters. Finally, NNMF/k-means clustering was used to 
select the optimal set of parameters that allowed to most reliably classify the virtual 
compounds similarly to their 16 original signaling profiles. This method allows to 
effectively classify any number of ligands highlighting signaling similarities and differences 
and should constitute a helpful tool in the discovery of biased ligands. 
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At an advanced stage, breast cancer leads to the development of bone metastases in 65 
to 80% of patients and the pain associated with bony metastases significantly decreases 
patient quality-of-life. Importantly, nearly half of these patients remain undertreated, which 
is largely due to adverse effects associated with cancer pain treatment, such as opioids 
since higher doses are required to control pain. In the last decade, chemokines and their 
receptors have emerged as promising targets in the management of bone cancer pain. 
Chemokines are small proteins belonging to the family of inflammatory cytokines whose 
primary role is the attraction and activation of immune cells. Their effects depend on the 
activation of a plethora of G-protein coupled receptors. The chemokine CXCL12 and its 
receptor CXCR4 are known to participate in the formation and development of metastases 
from breast primary tumor to bone microenvironment. The CXCL12/CXCR4 axis is also 
closely linked to the genesis and maintenance of pain associated with these metastases, 
both at the tumor site and at the spinal cord dorsal horn. Moreover, recent evidence points 
towards a sexual dimorphism in chronic pain, which could be mainly driven by glial cells, 
such as microglia. Those cells play a central role in the spinal neuroplasticity associated 
with pain chronicization, and sex differences in microglia activity may explain gender-
based differences in response to analgesics. The aim of the present study was thus to 
investigate if the pharmacological inhibition of the CXCL12/CXCR4 axis affects the 
nociceptive responses in tumor-bearing rats and whether male and female differ in 
response to drug treatment. To study the involvement of the CXCL12/CXCR4 pair in bone 
cancer pain, we used a syngeneic rat model which involves the implantation of MRMT-1 
mammary carcinoma cells into the femoral cavity of male and female Sprague-Dawley 
rats. Behavioral pain tests, including von Frey, dynamic weight bearing and burrowing 
were used to evaluate the analgesic potential of AMD3100, a CXCR4 antagonist. We first 
noticed that the cancer-induced bone pain developed similarly between males and 
females. Furthermore, preliminary results suggest that chronic intrathecal administration 
of AMD3100 (5 μg / rat) from days 11 to 14 following cancer cell implantation induced pain 
relief in both sexes until day 13. However, analgesia did not appear to be sustained at day 
14 in females. Additional experiments will be required to further investigate the sex 
differences and determine whether the microglial cells expressing CXCR4 play a critical 
role in inhibiting bone cancer pain in both males and females. In conclusion, the 
pharmacological inhibition of CXCR4 has a promising analgesic efficacy against bone 
cancer pain. Altogether, inhibition of the CXCL12/CXCR4 axis represents a unique 
alternative for the treatment of bone pain, resistant to current analgesics, by acting 
together on tumor proliferation, bone remodeling and pain modulation. 
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G protein–coupled receptors (GPCRs) are important therapeutic targets that activate 
various downstream signaling events, like mitogen-activated protein kinases (MAPK), via 
G proteins and β-arrestins. β-arrestins can mediate MAPK signaling both at the plasma 
membrane and from endosomes. However, deciphering the role of β-arrestin-mediated 
MAPK signaling from these compartments remains a challenge due to the dearth of 
selective tools. Therefore, we performed a high-throughput screen using BRET-based 
sensors to identify modulators of GPCR trafficking, using the angiotensin II type 1 
receptor (AT1R) as a prototypical GPCR. We identified a small molecule, Traf 21, that not 
only blocked the endocytosis of AT1R and other GPCRs, like the Bradykinin B2 and β2-
adrenergic receptors, but also potently inhibited the activation of MAPK by these 
receptors, including EGFR. Using a panel of new BRET sensors, we found that Traf 21 
targets the small G proteins Arf6 and Ras (but not Rac and Rho), which are respectively 
involved in clathrin-mediated endocytosis and receptor-mediated MAPK activation. 
Furthermore, computational analysis of Traf 21 interaction with Ras reveals that it binds 
at the interface between Ras and its guanine nucleotide exchange factor (GEF) SOS1. To 
improve its functional selectivity, structure-activity relationship studies were performed on 
Traf 21 and analogues that inhibit endocytosis and/or MAPK were identified. Here, we 
discovered a new inhibitor of both Ras and Arf6, which we named Rasarfin, that could be 
optimized to selectively target either small G protein in order to study the internalization 
and signaling of GPCRs.  
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G-protein coupled receptors (GPCRs) continue to be prominent targets for new 
therapeutics. Consequently, there is an endless need for new assays enabling rapid 
identification of novel GPCR-drug interactions, particularly for screening lead bioactive 
compounds and for deorphanizing receptors. To this end, we are developing novel cell-
based bioluminescence resonance energy transfer (BRET) assays utilizing the 
HiBiT/LgBiT complementation reporter as an energy donor and fluorescent ligands as 
energy acceptors.  Fundamental to our approach is the synthesis of novel fluorescent tool 
compounds that bind promiscuously with multiple GPCRs. The specificity and sensitivity 
afforded by this BRET setup, allow utilization of molecular scaffolds previously considered 
too promiscuous for ligand binding studies. Here, we introduce several lead fluorescent 
molecules developed so far and their interactions with our library of HiBiT-tagged GPCRs. 
We also highlight our novel machine learning and synthetic chemistry approaches to 
uncover potential promiscuous molecules and to rapidly modify them, respectively. These 
approaches will facilitate the development of a screening platform for probing novel GPCR 
biology. 
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Gene-therapy and RNA-based drugs represent emerging therapeutic avenues to 
overcome gene or protein dysfunction in pathological conditions. While most clinical trials 
using RNA currently focus on the use of short interfering RNA and antisense 
oligonucleotides to reduce the expression of a specific target, overexpressing a protein of 
interest by using exogenous mRNA still  remains an unmet need and challenge. In this 
study, we thus evaluated the ability of four new lipidic nanoparticle formulations (LNPs), 
conceptualized by Precision NanoSystems Inc., to increase delivery and overexpression 
of the encapsulated mRNA for the green fluorescent protein (GFP) in rats in vivo. We first 
injected intrathecally (i.t.) the four different LNP formulations (codenamed A, B, C and D) 
containing GFP-mRNA at the L4-L6 lumbar spinal segment and collected the 
corresponding dorsal root ganglia (DRGs) 6 hours later for further quantification of GFP 
expression by ELISA. GFP expression for both formulations A and B (160 and 45 pg/ml, 
respectively) were significantly higher than the negative control(11 pg/ml), while 
formulations C and D (respectively 13 and 15 pg/ml) were not different from the control 
conditions. A diffuse intracellular GFP fluorescent staining was also observed over DRG 
neuron cell bodies by confocal microscopy 6 hours post-injection. Kinetics of GFP protein 
expression was then evaluated with formulation A for up to 20 hours to determine the 
optimal expression time period in sensory neurons. We observed a time-dependent 
increase in GFP expression up to 6 hours (114 pg/ml at 3 hours, 160 pg/ml at 6 hours) 
followed by a decrease 20 hours post-injection (70 pg/ml). In order to assess supraspinal 
diffusion of our LNPs containing GFP mRNA, we further performed intracerebral injection 
of formulation A in the region of the nucleus raphe magnus. Brains were harvested 6 hours 
post-injection and GFP expression was detected by epifluorescence microscopy, proximal 
to the injection site, with a clear colocalization with the lipophilic dye contained in LNPs. 
The only adverse effect observed following i.t. injection of LNP formulations was a 
significant weight loss (up to 5.4%), independently of the formulation used. To better 
understand this observation, we assessed the activation of the immune system with 
ELISA quantification of pro-inflammatory cytokine IL-6 in protein extracts from DRGs. We 
found no apparent signs of inflammation at 3, 6 and 20-hours post-LNP injections. In 
conclusion, our results demonstrate that mRNAs encapsulated in a new LNP formulation 
rapidly translate in sustained production of a protein following spinal or brain delivery, thus 
opening the way to delivery of therapeutic-designed mRNA in pathological conditions. 
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G protein-coupled receptors (GPCRs) are involved in several pathophysiological 
processes and approximately 35% of the approved drugs target GPCRs. Nevertheless, 
the development of reliable antibodies targeting GPCRs is notoriously difficult, impeding 
not only their biochemical characterization but also resulting in a lack of powerful 
therapeutic and diagnostic tools. The major challenge is to produce fidele epitopes 
possessing a native conformation reminiscent of that of the GPCR and capable of 
triggering a strong immunogenic response. To overcome these obstacles, we propose a 
strategy combining the use of chicken as an antibody-producing species since it is a 
species genetically distant from mammals, and the use of structure-based macrocyclic 
peptide design to mimic the extracellular loops of GPCRs and generate reliable antibodies 
which target the tridimensional structure. When applied to the neurotensin 1 receptor 
(NTS1r), the antigenic determinant (3Dpeptide) was based on the 11 residues of the 
second extracellular loop which was cyclized using different linkers in order to obtain the 
conformation adopted in the crystal structure of the NTS1r.  We have shown that using 
3Dpeptides as immunogenic agents favored the production of antibodies targeting 
preferably the 3D conformation over the corresponding linear peptide.  Peptide structure-
based modeling allowed us to predict which antibody would possess the best features, 
notably, it's capacity to detect selectively NTS1, a receptor of great interest, as shown by 
the numerous detection assays, but also it's capacity to antagonize several signaling 
pathways dependant on the binding of the natural ligand, neurotensin. Taken together, 
the proposed strategy is a major asset in the rational production of anti-GPCR antibody. 
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More than 50 years after the first Parkinson’s disease (PD) patients were treated with L-
DOPA, dopamine replacement therapy targeting striatal dopamine receptors remains the 
only effective pharmacotherapy for PD. While initially effective at relieving motor 
symptoms, the long-term use of L-DOPA or dopamine agonists leads to reduced 
therapeutic benefit and increased prevalence of adverse effects.  Long term use of L-
DOPA in particular is associated with the development of a hyperkinetic syndrome called 
L-DOPA-induced dyskinesia (LID) and thought to be caused in part by maladaptive 
alterations in striatal D1 dopamine receptor (D1R) signalling.  In the striatum, the D1R 
couples primarily to Gαolf and activates a cAMP/PKA/DARPP-32 signalling cascade that 
increases neuronal excitability, stimulates gene expression and facilitates synaptic 
plasticity. In order to detect D1R activation in vivo and study the progressive dysregulation 
of D1R signalling in PD and LID, we developed a FRET-photometry approach to 
fluorescently detect protein kinase A (PKA) and extracellular regulated kinase (ERK1/2) 
signalling in a rat model of PD during chronic L-DOPA treatment. We used viral vectors 
to express Förster resonance energy transfer (FRET) reporters in neurons of the dorsal 
striatum and used chronically implanted optic cannulae to perform FRET recording in 
conjunction with behavioral scoring over the course of L-DOPA treatment. Following a 
period of dopamine depletion, we showed that D1R signalling becomes sensitized, 
resulting in increased agonist-induced activation of PKA and ERK1/2. We further showed 
that L-DOPA induced signalling is potentiated by repeated administration and PKA is 
hyperactivated prior to and during the behavioral manifestation of LID. Lastly, our studies 
have shown that chronic treatment with L-DOPA does not result in desensitization of the 
D1R-dependent signalling suggesting that the mechanisms that would normally 
desensitize D1R signalling in response to an abundance of agonist are dysregulated in 
experimental Parkinsonism. Our approach allows us to detect temporal changes in 
signalling with cell-type specificity in behaving animals. The ongoing goals of this project 
are to continue to use in vivo-FRET photometry to gain further insights into the cell-specific 
changes in signalling, synaptic function and gene expression that mediate the therapeutic 
and adverse effects of dopamine replacement and to develop this technique as a new tool 
for the wider scientific community. 
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G protein-coupled receptors (GPCRs) are important to nearly all cellular processes, and 
their dysregulation can cause various human pathologies, thus highlighting GPCRs as 
therapeutic targets. Besides, overexpression of certain GPCRs in specific cancer types 
increases their clinical relevance as biomarkers and tools in diagnostic. Accordingly, small 
molecule drugs targeting GPCRs have proven their desired therapeutic efficacy. In 
contrast, only two antibodies are approved by the FDA. So far, reliable antibodies against 
GPCRs remain difficult to produce mainly because of unsuitable epitopes which yield low 
immunogenic responses and are mostly unable to mimic the native structure of a complex 
membrane protein like GPCRs. To overcome this challenge, we developed an innovative 
strategy that combines the use of carefully designed macrocyclic peptides that closely 
mimic the tridimensional (3D) structure of extracellular loops (ECL) of GPCRs and 
immunization of chicken, a species genetically distant from mammals to boost the 
immunogenic response. The neurotensin high-affinity receptor 1 (NTS1) was chosen for 
this proof-of-concept study since the crystal structure of this receptor has been solved and 
its involvement in tumor progression of several cancers has been demonstrated. Indeed, 
neurotensin, the natural ligand of NTS1 is secreted in an autocrine way by cancer cells 
and is often associated with bad prognostic. Furthermore, NTS1 has also been suggested 
as a potential biomarker for cancer progression. Overall, this receptor is the best 
candidate to validate the proposed strategy. Technically, recombinant antibodies 
sequences were recovered by phage display from the spleen of an immunized chicken 
with a macrocyclic peptide designed to mimic the second extracellular loop (ECL2) of 
NTS1. The relevant candidates were produced in CHO cells as chicken single chain 
variable fragments (scFv) linked to a human fragment crystallizable (FC) region resulting 
in recombinant scFv-FC antibody format. Candidates were then evaluated for their ability 
1) to bind specifically to NTS1 (immunoprecipitations, [125I]-neurotensin competitive 
binding assay on colorectal HCT116 and pancreatic PANC-1 carcinoma membrane 
preparations), 2) to modulate NTS1 receptor activity (Gq-dependent inositol 
monophosphate accumulation in HCT116 and PANC-1 live cells) and 3) to induce the 
antibody dependent cellular cytotoxicity (ADCC). Two candidates were able to detect 
NTS1 and block the NTS1-dependent Gq activity. Importantly, one candidate was able to 
induce ADCC in the two cancer cell lines. Moreover, immunohistochemistry (IHC) assays 
were performed on patient-derived tumor xenografts (PDX): both candidates were able to 
stain distinctively cancer cells with a higher significance in pancreatic tumors. Altogether, 
the proposed technology allowed us to produce two recombinant antibodies directed 
against a GPCR of clinical interest, NTS1. Both recombinant antibodies display interesting 
features, such as detection and functional properties in different cancer cells, a great 
advantage in diagnostic and therapeutic. 



 127 

 
77 - Homo-dimerization of GPCRs across classes using PIE-
FCCS 
 
Grant Gilmore1, Megan Kaliszewski1, Mitch McCauley1, Laura Smith1, Jeala Yousefi1, 
Jeala Youssefi1, Adam Smith1 
1University of Akron 
 
G-protein-coupled receptors (GPCRs) are a diverse set of transmembrane proteins with 
variation across classes. These variations are likely to affect spatial organization and may 
help explain why GPCR dimerization/oligomerization is still not fully understood. Here, we 
focused on representative members from three classes: mu-opioid receptor (class A), 
secretin receptor (class B), and metabotropic glutamate receptor 2 (class C), with the goal 
of measuring receptor homo-dimerization/oligomerization for each. Previously, we’ve 
demonstrated that metabotropic glutamate receptor 2 serves as a strong dimer control, 
whereas a truncated form lacking its N-terminal extracellular domain serves as a 
monomeric control. For this research, receptor proteins are stably transfected in a 
Chinese Hamster Ovary (CHO) cell line and expressed via the tetracycline inducible TRex 
system. A SNAP-tag, which allows for covalent attachment of associated SNAP-tag dyes, 
is fused to the N-terminus of each GPCR construct. Expressed proteins are labeled using 
both green (SNAP Surface 488) and red (SNAP Surface 549) fluorescent dyes. Our lab 
utilizes a custom-built pulsed interleaved excitation-fluorescence cross correlation 
spectroscopy (PIE-FCCS) setup. With this method, 488 nm and 561 nm lasers are 
focused onto the peripheral membrane of live cells, exciting green and red labeled 
receptors respectively. Fluorescence fluctuations are then recorded and analyzed to 
determine the extent to which green and red tagged proteins co-diffuse through the 
confocal volume, indicating the degree of interaction between species. The single-
molecule sensitivity provided by PIE-FCCS allows us to determine dimerization affinity for 
receptors from each of these classes of GPCR. 
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Huntington’s Disease (HD) is an inherited autosomal dominant neurodegenerative 
disorder that leads to progressive motor and cognitive impairment. Despite the 
devastating outcomes, there are currently no available disease modifying treatments for 
HD patients. Inhibition of postsynaptic metabotropic glutamate receptor 5 (mGluR5) 
signalling using the negative allosteric modulator, CTEP, improves HD symptoms in 
zQ175 knock-in mouse model of HD and promotes autophagic clearance of mutant 
huntingtin aggregates via a pathway mediated by GSK3β, ZBTB16 and ATG14. However, 
it remains unclear whether reducing glutamate release into the synaptic cleft could provide 
the same or additional beneficial health outcomes in HD. Here, we are examining whether 
the activation of metabotropic glutamate receptor 2 and 3 (mGluR2/3), which inhibits 
presynaptic glutamate release, can stop HD progression and pathology in zQ175 mice. 
We will employ LY379268 as a potent, selective and systematically active mGluR2/3 
agonist. Prior to treatment, 12-month old heterozygous zQ175 knock-in mice exhibited 
significant defects in their motor, cognitive and locomotor activity, compared to age-
matched wild-type mice. We then treated mice with either saline or LY379268 
(3mg/kg/day). LY379268-treated female heterozygous mice showed improvement in grip 
strength after just one week of treatment. In comparison, male heterozygous mice only 
started to show improved grip strength after four weeks of treatment with the same drug. 
Moreover, improvement in rotarod performance was only observed in female 
heterozygous mice after one month of LY379268 treatment, whereas no significant 
change was observed in treated male heterozygous mice. Furthermore, western blot on 
brain lysates revealed that LY379268 treatment in male heterozygous mice reduced 
inhibitory phosphorylation of GSK3β, which is accompanied by decreases in the protein 
levels of ZBTB16 and the autophagy marker p62. The activation of this autophagy 
pathway by LY379268 is similar to the effect of CTEP, indicating that LY379268 may be 
reducing mGluR5 signalling. However, this effect can only be observed in LY379268-
treated male heterozygous mice and is absent in female mice. Together, our current result 
suggests that the effect of LY379268 in HD mice are sex specific and it appears to alter 
HD symptoms and glutamate-mediated signalling differentially in male versus female 
mice.  
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Migraine is a complex brain disorder affecting almost 15% of the worldwide population. In 
a subgroup, attack frequency increases over time, leading to chronic migraine. The 
mechanisms underlying migraine remain poorly understood, and while available therapies 
are effective for some, there are a large number of patients for whom current treatments 
are ineffective or poorly tolerated. Migraine is characterized by recurrent headache 
attacks accompanied by various neurological disorders including cephalic cutaneous 
mechanical allodynia (MA). MA is a key feature of migraine, as it reflects central 
sensitization in the pain pathways subserving meningeal nociception. MA is more 
prevalent and severe in chronic than episodic migraineurs, suggesting that allodynia is a 
risk factor for transition from episodic to chronic.  
Here, we investigate the potential of a delta opioid receptor agonist as anti-migraine and/or 
prophylactic therapies. We tested the effects of administration of the non-peptide agonist 
SNC80 on both cephalic cutaneous MA and central sensitization of the trigemino-cervical 
complex (TCC) triggered by the recurrent administration of a nitric oxide donor, isosorbide 
dinitrate (ISDN), a known migraine trigger.  
First, we demonstrate that the ISDN injection (10 mg/kg, i.p.) once a day for five 
consecutive days produces a persistent cephalic MA in rats. This effect appears at day 2 
and lasts until day 5. Second, a single injection of SNC80 (10 mg/kg, s.c.) given 30 
minutes prior each ISDN administration significantly reduced the cephalic MA. Similarly, 
the administration of SNC80 20 minutes after each ISDN administration also reduced 
cephalic MA. This data reveal the preventive and curative effect of SNC80. The curative 
potential of SNC80 (i.e. the effect of a single injection of SNC80 given after 5 consecutive 
days of ISDN injections) will also be measured on persistent cephalic MA induced by 
recurrent administration of ISDN. Finally, to further investigate the mechanisms involved 
in the action of SNC80, Fos and ERK activation in the TCC will be evaluated by 
immunohistochemistry.  
In summary, this study supports a role for the delta opioid receptor as a potential new 
target for migraine and headache therapies. Future investigations will highlight the 
therapeutic potential of delta opioid receptor agonists either as an acute and/or 
prophylactic treatment for migraine. 
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β-arrestin plays a major role in GPCR desensitization and acts as a scaffolding protein for 
activation of non-canonical signaling pathways. Considering the therapeutic importance 
of GPCRs in many cellular processes, it is important to have a better understanding of the 
protein complexes scaffolded by β-arrestin and their role in GPCR signaling. Our 
hypothesis was that β-arrestin 1/2 interact with different cellular partners and that the 
formation of distinct complexes plays a specific role in GPCR function. Thereby, our goal 
was to identify new β-arrestin interaction partners using the BioID proteomic approach. 
We identified potential interactors for β-arrestin 1 (37) and β-arrestin 2 (86) that were 
localized in different cellular compartments and involved in many different cellular 
functions. Due to the importance of ubiquitination in β-arrestin and GPCR regulation, we 
first focused our efforts on one of these potential interactors: the atypical ubiquitin ligase 
UBE2O and confirmed the interaction between β-arrestin 2 and UBE2O by co-
immunoprecipitation. UBE2O is known for its role in the mono-ubiquitination of BAP1, a 
tumor suppressor protein that interacts with chromatin-associated proteins and regulates 
cell proliferation, resulting in its cytoplasmic sequestration. However, UBE2O function in 
β-arrestin and GPCR signaling remains unknown. Considering that β-arrestin shuttles 
between the cytoplasm and nucleus, UBE2O could play a role in the regulation of its 
cellular localization. Using different proteomic and biochemical approaches, we explored 
the function of UBE2O in GPCR and β-arrestin ubiquitination and its potential effects on 
GPCR signaling and trafficking. Using ebBRET (enhanced bystander bioluminescence 
resonance energy transfer) we found that UBE2O affects β-arrestin recruitment to the 
plasma membrane and subsequent internalization to the endosomal compartment. 
UBE2O also affects GPCR internalization after agonist stimulation. It will be interesting to 
test other possible trafficking and signaling effects of UBE2O and assess the role of β-
arrestin in these functions. Considering GPCRs physiological and therapeutic importance, 
this project will allow improvement of our understanding and knowledge on ubiquitination 
regulation of GPCR signaling and could contribute to revealing new signaling modalities 
that might have therapeutic relevance. 
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To date, the single most successful protein target class in drug discovery is a receptor 
family known as G protein-coupled receptors (GPCRs). In recent years, new and 
innovative approaches have been developed to better exploit their therapeutic potential, 
such as the design of cell-penetrating lipopeptides termed “pepducins”. These pepducins 
are composed of a peptide sequence mimicking one of the intracellular loops of a GPCR 
of interest, conjugated to an N-terminal palmitic acid. The lipid moiety effectively anchors 
the pepducinto the cell membrane and facilitates its translocation into the cell, where it 
functionally interacts with its cognate GPCR at the receptor-effector interface and 
modulates its signaling output. Thus, pepducins may behave as allosteric agonists or 
allosteric modulators of the receptors they target. We recently designed a series of 
pepducins derived from the intracellular domains of the human neurotensin type 1 
receptor (hNTS1), a GPCR which mediates many of the physiological effects of the 
neurotensin (NT) tridecapeptide, including analgesia, hypotension and hypothermia. 
Here, we report the cellular and physiological actions of an ICL1-derived pepducin, named 
PP001. In CHO-K1 cells stably expressing hNTS1, we determined that high PP001 
concentrations (10-5M) partially inhibited NT orthosteric binding, while the non-
palmitoylated control did not do so. Using BRET-based biosensors monitoring the 
pepducin’s ability to engage G protein-dependent and G protein-independent signaling 
pathways, we further found that PP001 preferentially promoted GaoA and Ga13 activation 
over B-arrestin recruitment, and inhibited NT-mediated b-arrestin recruitment, thus acting 
as biased allosteric agonists and negative allosteric modulators of NTS1.Additionally, 
PP001 administration enhanced hNTS1 homomerization in a BRET titration 
experiment. In vivo, we found that i.t. administration (275 nmol/kg) of PP001 significantly 
reduced the rat nociceptive behaviors in acute (tail-flick), tonic (formalin), and chronic 
(chronic constriction injury) pain models. Finally, in order to elucidate which residues are 
critical for these actions, we synthesized an Ala-scan of PP001, and monitored its effects 
on a CHO-hNTS1 cell monolayer by Electric Cell-substrate Impedance Sensing. In doing 
so, we determined a critical ARKK motif. Altogether, our results indicate that PP001 clearly 
participates in the cellular and physiological actions linked to NTS1 activation and may 
thus constitute a valuable tool to inform the design of novel NT-based drugs that could 
better cater to the needs of chronic pain patients. 
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Hypertension is a multifactorial process responsible of approximately 40% of the morbidity 
and mortality associated with cardiovascular diseases and manifested by a systemic 
elevated arterial blood pressure. Clinical studies revealed that increased dietary salt 
intake exacerbates high blood pressure (BP), proteinuria, and cardiac dysfunction in 
hypertensive patients. The spontaneously hypertensive rat (SHR) model recapitulates the 
high peripheral resistance and low cardiac output seen in human hypertension. Although 
exercise training of SHR concomitantly decreases their systemic BP and augments the G 
protein-coupled receptor APJ expression, it remains unclear if sustained administration of 
APJ ligands (i.e. Apelin-13 and Elabela) can prevent disease progression in SHR. In this 
study, we investigated the beneficial effects on SHR fed with normal or high-salt chow 
(0.3% and 8% of NaCl, respectively) of chronic activation of the apelinergic system by 
subcutaneous infusion of either Apelin-13 or Elabela. As expected from a previous study 
indicating that apelin-13 only transiently reduces systemic BP in SHR, sustained 
administration of Apelin-13 and Elabela did not change the systemic BP of control rats 
and SHR fed with normal diet. Interestingly, only Elabela efficiently normalized the higher 
BP of SHR fed with high-salt diet. In fact, Elabela better protected the cardiovascular and 
renal functions than Apelin-13 in these hypertensive rats, as indicated by their improved 
fluid homeostasis and significantly decreased fibrosis and hypertrophy of the heart and 
kidney. These findings reveal that the apelinergic system is protective against salt-induced 
severe hypertension and cardiorenal failure. As demonstrated in other cardiovascular 
disorders, Elabela displays superior protective properties that warrant further investigation 
of its therapeutic use in cardiovascular and renal diseases. 
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The angiotensin II (AngII) type 1 receptor (AT1R) is a member of the G protein–coupled 
receptor (GPCR) family and binds β-arrestins (β-arrs), which regulate both AT1R signaling 
and trafficking. These processes can be biased by certain ligands or mutations in 
the AGTR1gene. As for many GPCRs, the exact details for AT1R–β-arr interactions 
directed by AngII or β-arr–biased ligands for AT1R remain largely unknown. Here, we 
used the amber-suppression technology to site-specifically introduce the unnatural amino 
acid p-azido-L-phenylalanine (azF) into the intracellular loops (ICLs) and the C-tail of 
AT1R to generate functional photoreactive receptors that can be cross-linked to β-arrs in 
cells. We performed UV-mediated photolysis of 25 different azF-labeled AT1Rs to cross-
link β-arr1 to AngII-bound receptors, enabling us to map important contact sites in the 
ICL2, ICL3, and C-tail of the receptor. The level of AT1R–β-arr1 cross-linking among azF-
labeled receptors differed, revealing variability in β-arr’s contact mode with the different 
AT1R domains. Moreover, the signature of cross-linked AT1R–β-arr complexes from a 
subset of azF-labeled receptors also differed between AngII– and β-arr–biased ligand 
stimulation of receptors, and between azF-labeled AT1R bearing or lacking a bias-
signaling mutation. These observations imply distinct interaction modalities of the AT1R–
β-arr1 complex in different biased signaling conditions. Our findings demonstrate that this 
photocross-linking approach is useful for understanding GPCR–β-arr complexes in 
different activation states, and can be extended to study other protein–protein interactions 
in their native cellular environment.  
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In recent years, cardio- and neuro-protective roles for the delta opioid receptor (DOP) 
were described. However, the underlying mechanisms of DOP-mediated protection 
remain elusive. G protein-coupled receptors (GPCRs) are usually transported to the 
plasma membrane through the constitutive secretory pathway. By contrast, a large 
proportion of DOP remains trapped intracellularly, associated to various organelles. There 
is accumulating evidence that GPCRs are functional while on endomembranes. Lately, a 
few examples of GPCRs were reported to be present on mitochondria and to regulate 
their functions. Mitochondria play essential roles in cell survival and death. Mitochondria 
dysfunction is involved in neurodegenerative diseases, stroke and hypoxia/ischemia-
related heart disorders. DOP protection has been shown to be associated with maintaining 
mitochondrial function. Mitochondria are highly dynamic organelles that fuse and divide 
constantly. Fusion between mitochondria allows mitochondrial DNA sharing and 
maintenance of healthy mitochondria, while fission allows damaged components to be 
removed from the mitochondrial network by mitophagy. We observed in our laboratory 
that DOP is expressed at the mitochondrial membrane and has an impact on 
mitochondrial respiration. Our LC-MS/MS proteomics studies performed on 
immunoprecipitated FLAG-tagged DOP from HEK293 cell lysates and FLAG-DOP knock-
in mouse brain extracts revealed that DOP interacts with oxidative phosphorylation chain 
components and major actors of mitochondrial fusion/fission and morphology such as 
Dynamin-1-like protein (DRP1), Mitochondrial fission process protein 1 (MTP18), 
Mitofusin-1 (MFN1), Mitofusin-2 (MFN2) and Dynamin-like 120 kDa protein (OPA1). The 
interactions between DOP and DRP1, MTP18, MFN1 and MFN2 were confirmed by co-
immunoprecipitation in HEK293 cells but were not significantly modulated by agonist 
stimulation of the receptor. Confocal microscopy analyses suggest that treatment of HA-
DOP expressing HEK293 cells with selective DOP agonists regulates mitochondrial 
morphology and is protective against mitochondrial injury. Expression and stimulation of 
HA-DOP resulted in variations of mitochondrial numbers in HEK293 cells. To our 
knowledge, DOP is the first GPCR shown to interact with the proteins under study and to 
have an impact on mitochondrial morphology. 
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Mitochondria have an essential role in the energy metabolism of cells by converting 
nutrients into ATP via the oxidative phosphorylation process (OXPHOS). OXPHOS relies 
on electron transport across the mitochondria inner membrane, generating a membrane 
potential. Mitochondria are involved in GPCR signal transduction by buffering intracellular 
calcium or by producing reactive oxygen species, and GPCRs also modulate their 
functions. Different studies have observed GPCR-induced G proteins activation within 
mitochondria, and their downstream intra-mitochondrial signaling directly modulate the 
organelle functions. How intra- and extra-mitochondrial signaling pathways triggered by 
specific G proteins affect mitochondrial and cell functions remain however unknown. 
To examine the impact of these pathways, we generated novel tools to specifically activate 
endogenous mitochondrial G proteins (mtDREADD: designer receptors exclusively 
activated by designer drugs specifically targeted to mitochondria. These mutant receptors 
are modified transmembrane muscarinic receptors that can be activated solely by the inert 
molecule clozapine-N-oxide (CNO) with high potency and efficacy. MtDREADD is an ideal 
tool to specifically activate endogenous G protein signaling within mitochondria. Results 
obtained in our group suggest that  mitochondrial PKA and Src activity is increased early 
after stimulation in cells expressing mtDREADDs, but not in those expressing the 
untargeted DREADD construct. Interestingly, stimulation of mtDREADD with CNO 
increases mitochondrial membrane potential. Altogether, our results suggest that 
mtDREADDs signaling can effectively and rapidly adjust mitochondrial activity. 
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The prostaglandin F2α receptor (FP) is an important regulator of uterine signaling leading 
to myometrial contraction and the initiation of labor. It exerts its effect through Gαq/11 and 
the Gα12/13 G protein sub families to activate the small GTPase RhoA, which is a major 
player in smooth muscle contraction. Biasing FP’s responses towards Gαq/11 activation 
and Gα12/13 inhibition was shown to prevent preterm labor by delaying spontaneous and 
induced contractions in mice. However, the extent to which Gαq/11 and Gα12/13 
contribute to RhoA activation, and how they interact with the receptor to mediate 
contraction is still not clear. We studied the effect of individual Gα proteins on RhoA 
activation by FP, as well as their inter-relationship in activating this small GTPase, using 
either CRISPR-Cas9 Gαq/11 or Gα12/13 Knockout HEK293 cells, an FP/Gα12 bias 
mutant receptor, and an allosteric, bias FP modulator, azF-PDC. FP signaling was 
analyzed using a panel of BRET-based biosensors and compared to AT1R, another 
receptor also coupled to both Gαq/11 and Gα12/13. Our results show that although RhoA 
activation was mediated through both Gα proteins for both receptors, loss of either Gαq/11 
or Gα12/13 did not impede the full activation of RhoA by either FP or AT1R, respectively. 
Furthermore, loss of Gα12/13 potentiated Gαq signaling for AT1R but not for FP. 
However, loss of Gαq/11 potentiated Gα12/13 signaling for both receptors, which effect 
was also observed with the FP/Gα12 bias mutant. Such interplay in G protein dependent 
activation of RhoA was further confirmed by the use of the Gαq biased azF-PDC 
compound, which inhibited RhoA activity only in conditions where both G proteins could 
be activated by FP. Collectively, our results suggest a competitive G proteins regulation 
at the level of GPCRs, which could be potentially exploited for the FP receptor to develop 
better labor represents. 
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The influence of cellular background on GPCR signaling and regulation is now well 
accepted. These two essential GPCR functions determine the therapeutic response of 
their associated ligands. However, the majority of screening assays in use are carried out 
in immortalized cell lines that are quite different from in vivo drug targets.  This limitation 
is especially apparent for the development of therapeutic ligands for psychopathological 
conditions given that cell-specific phenotypes are inherent to brain function.  
Within this context, the possibility of developing neurons of desired phenotypes from 
human iPSCs has attracted considerable attention. Here we have begun to optimize 
differentiation of human IPSCs into forebrain neurons. Our goal is to use this cellular 
model to characterize the effect of cannabinoids on neuronal differentiation, maturation 
and function.  
To this end, we first differentiated and characterized neural progenitors from IPSCs and 
then demonstrated that these cells respond to THC treatment (1 mM, 16 hrs); by 
undergoing marked down regulation of respiratory complex subunits, an effect that was 
similar to that induced by THC in murine frontal cortex.  Because the expression of 
respiratory subunits is strictly controlled by CREB, we are also interested in monitoring 
cannabinoid regulation of cAMP levels. To start addressing this question we have now 
differentiated NPCS into a mixed population of glutamatergic and GABAergic neurons 
expressing several markers of maturity. Moreover, we have successfully used Adeno-
Associated-Virus vector to express a biosensor to monitor cAMP levels in these neurons 
in these cultures. We are currently optimizing biosensor response to stimuli that modify 
intracellular cAMP levels and expect to soon be able to use these promising tissue specific 
tools for more effective drug discovery. 
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The adenosine 2a receptor (A2AR) is a well-characterised GPCR that promotes T cell 
immunosuppression and tumour survival. A2AR antagonists enhance anti-tumour 
immunity and reduce tumour growth in vivo. We utilised our proprietary machine-learning 
algorithms, in combination with fragment-based screening approaches, to develop a novel 
pre-clinical candidate molecule, EVOEXS21546. The candidate was designed to be non-
CNS penetrant and highly selective at the A2A receptor to minimise off-target effects to 
allow exploration of full target coverage in vivo. EVOEXS21546 exhibits structural novelty 
in a crowded IP space, and demonstrated robust single-agent efficacy in in vivo rodent 
models. Our AI-guided design methods delivered EVOEXS21546 from 225 compounds, 
approximately 10% of the industry average. In total, this approach generated a highly 
promising pre-clinical A2AR antagonist for the treatment of cancer and demonstrates the 
efficiency gains enabled by AI-guided compound design in drug development. 
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Dependable assessment of potential harm associated with Cannabis consumption is 
important in populations at risk. This is the case of adolescents for whom exposure to 
Cannabis may lead to addiction, anxiety, depression and neurocognitive deficits akin to 
those found in schizophrenia, autism, intellectual disability, and mood disorders. A 
common denominator underlying symptoms in these disorders are cellular changes in the 
frontal cortex that result in abnormal connectivity and dysfunctional network activity. We 
were therefore interested in assessing the impact of Cannabis exposure on cellular 
phenotypes of the frontal cortex.   
Cannabis is pharmacologically complex, containing at least 100 different cannabinoids 
that may have biological activity. These multiple constituents mainly produce their effects 
by interacting with different components of the endocannabinoid system, which 
comprises: Cannabinoid GPCRs (CB1R, CB2R and GPR55); L type Ca2+ channels; 
transient receptor potential channels; nuclear receptor transcription factors; and orphan 
GPCRs. Furthermore, the cell-specific distribution of most of Cannabis targets and 
associated effectors is for the most part poorly characterized adding an additional level of 
complexity that is only starting to be considered.  
The existence of these compounding variables implies a myriad of possible ligand-target 
interactions contributing to in-vivo responses of cannabinoids, making it practically 
impossible to choose relevant targets, cells or processes on which to focus our attention 
to detect harm potential. For this reason, we turned to single cell phenotyping, a novel 
powerful technique which allowed us to evaluate cortical actions of cannabinoids on a 
non-hypothesis driven basis. 
Hence, adolescent mice were repeatedly exposed to the phytocannabinoid D9-THC 
(THC), or the synthetic ligand WIN 55,212-2 (WIN). Following treatment their frontal 
cortices were dissected and single-cell transcriptomes obtained. Among cell clusters 
revealed by transcriptomic analysis we identified a population with stem-cell and 
neurogenesis markers. Within this cell population, WIN and THC both induced co-
variation of cell cycle genes that was not present in vehicle-treated mice. Concomitantly 
we observed an increase in the number of cells with stem cell markers and cells labeled 
as interneurons, suggesting an effect of both ligands on neurogenesis.  
Repeated THC or WIN administration also induced significant downregulation of genes 
coding for mitochondrial respiratory complexes. Changes were ligand and cell-specific.  In 
particular, both treatments downregulated multiple subunits in all five respiratory 
complexes of pyramidal neurons of layer 2/3, but THC was the only treatment producing 
such reduction in microglia.  
Taken together these results show that the complexity inherent to cannabinoid effects can 
be examined at single cell level resolution in-vivo. 
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The prostaglandin F (FP) receptor plays an important role in parturition and is a potential 
target for delaying preterm birth.  In myometrial cells, its natural ligand, PGF2α, is a strong 
inducer of labor via the canonical Gaq/11 and Ga12/13 signaling pathways. Therefore, 
dissecting the physiological output of each signaling pathway at the FP receptor could 
potentially help generate better tocolytics (e.g. labor repressants).  Here, we used a high-
throughput mutagenesis strategy to complete an alanine scan of the 359 amino acids in 
the FP receptor, and further screened in HEK293 cells their signaling behaviors for Gaq/11 
and Ga12/13 activation as well as RhoA using bioluminescence resonance energy transfer 
(BRET) biosensors. We identified ~20 residues in FP, which did not impact receptor 
expression, but significantly affected Gaq/11 signaling ability, while also maintaining WT 
levels of Ga12/13 signaling.  Conversely, 9 residues in FP were found to selectively impede 
Ga12/13 signaling ability. Combinatorial mutations in FP allowed us to generate both Gaq/11–
null/Ga12/13 signaling and Ga12/13 –deficient/Gaq/11-signaling receptors. The use of Gaq/12 
and Ga12/q chimera demonstrated that the bias in some FP mutants was dependent on the 
G protein binding barcode. Moreover, in some other mutations, the G protein bias was 
independent of the barcode, suggesting conformationally-dependent G protein selectivity 
at the receptor level. Our findings identify specific residues for G protein selectivity in FP 
receptor. The use of these functionally selective FP mutants should help dissect the 
relevant physiological contribution of Gaq/11 and Ga12/13 signaling pathways in myometrial 
contraction and parturition.   
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Cell surface expression of G protein-coupled receptors enhances their pharmacological 
tractability, making them ideal candidates for drug discovery. The development of novel 
therapeutic strategies to mitigate human disease requires a more in-depth knowledge of 
GPCR signalling and function in situ. To address this, we have developed a toolbox of 
BRET and FRET-based biosensors with the ability to capture signalling and 
conformational signatures originating at the level of the receptor, cognate G proteins and 
downstream effectors. As the angiotensin II type I receptor (AT1R) is expressed 
throughout the cardiovascular system and dysregulated signalling has been linked to 
various pathologies, we are interested in understanding how cell context effects AT1R 
function. To increase the translatability of our results, we are using inducible pluripotent 
stem cells as a physiologically relevant cellular model to explore AT1R conformational 
dynamics, agonist efficacy and G protein vs β-arrestin coupling. In order to build a 
comprehensive iPSC-based model of the human cardiovascular system, we are currently 
differentiating iPSCs towards the mesodermal linage. iPSC-derived cardiomyocytes have 
been successfully generated and qPCR gene expression analysis of canonical 
pluripotency genes have decreased with concurrent increases of the cardiomyocyte-
related genes MYH6, GATA4, KCNH2 and CACNA1C. Validation of iPSC-derived 
vascular smooth muscle cells is still underway verifying the expression of MYH11, 
calponin, caldesmon, and αSMA. Once confirmed, GPCR activity can be assayed in 
different cell types to understand how the cellular environment impacts function. We are 
currently performing pilot experiments with a biosensor that reports on the conformational 
dynamics of the AT1R. Delivery of the BRET-based biosensor into cells is currently being 
accomplished using AAVs, however we are engineering an iPS master cell line for 
insertion of our biosensors at the AAVS1 safe harbour locus to enable comparisons 
between different cells in the same isogenic background. Working with an iPSC model 
allows access to clinically relevant cells such as those derived from patients suffering from 
cardiomyopathies. GPCR signalling can thus be studied in healthy versus patient lines to 
gain insight on how signalling modalities change as a consequence of disease.  We 
predict that a deeper understanding of cell-type specific receptor function and signalling 
will advance rational drug design for the treatment of cardiovascular diseases.   
  



 142 

92 - Ligand-induced and GAIN-targeted activation mechanism 
for an adhesion GPCR GPR110 (ADGRF1) 
 
Bill X. Huang1, Xin Hu2, Heung-Sun Kwon1, Cheng Fu1, Ji-Won Lee1, Noel Southall2, Juan 
Marugan2, Hee-Yong Kim1 

 
1Laboratory of Molecular Signaling, National Institute on Alcohol Abuse and Alcoholism, 
NIH, 22Division of Preclinical Innovation, National Center for Advancing Translational 
Sciences (NCATS), NIH 
 
The molecular mechanism for the activation of adhesion GPCRs (aGPCRs, ADGR) 
remains relatively unknown, particularly in a physiologic context. We have recently 
deorphanized an aGPCR GPR110 (ADGRF1) as a functional receptor for N-
docosahexaenoylethanolamine (synaptamide), an endogenous metabolite of omega-3 
fatty acid DHA that is essential for proper brain development. The binding of synaptamide 
to GPR110 triggers the cAMP-dependent signal transduction, promoting neurite growth 
and synaptogenesis in developing neurons. Here, we demonstrate the molecular basis of 
the ligand-induced GPR110 activation in living cells. Using in-cell chemical cross-
linking/mass spectrometry, computational modeling and mutagenesis-assisted functional 
assay, we discovered that synaptamide binds to the conserved GPCR-autoproteolysis-
inducing domain (GAIN) of GPR110 through the interaction with residues Q511, N512 and 
Y513, causing an intracellular conformational change near TM6 to trigger downstream 
signaling. Mutation of these residues abolishes the synaptamide-induced G protein 
activation, cAMP production and β-arrestin recruitment. The ligand-induced and GAIN-
targeted activation mechanism provides a new framework for understanding physiological 
function of aGPCRs and suggests therapeutic targeting of the GAIN domain for aGPCR-
related dysfunction.  
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G protein-coupled receptors (GPCRs) represent a large family of receptors involved in 
important physiological functions through regulation of myriad downstream signalling 
pathways. Many pathways work via heterotrimeric G proteins. In addition to the important 
role played by Gα subunits, recent work has described non canonical roles for Gβγ 
subunits in downstream signalling of GPCRs in organelles such as the nucleus, Golgi 
apparatus and mitochondria. Our lab has used tandem-affinity purification (TAP) to 
identify cytosolic and nuclear Gβγ-interacting proteins. Nonetheless, methods such as 
TAP and other methods to study protein interactions require them to be stable or require 
long incubation periods, missing transient and/or weak interactions. Furthermore, 
techniques that provide adequate temporal information often focus on one pathway at a 
time, requiring a large array of assays. The use of APEX2, a proximity-dependent labeling 
technique, provides both spatial and temporal information in endogenous protein 
expression level, allowing for more in-depth characterization of protein networks. Briefly, 
cells expressing a construct comprised of a protein of interest fused genetically to APEX2 
peroxidase are incubated with biotin-phenol. Then, hydrogen peroxide is added for a short 
1-minute reaction catalyzing conversion of biotin-phenol into biotin-phenoxy radicals. 
These radicals bind covalently to nearby proteins within a 20nm radius and can be purified 
using streptavidin beads. Flag-tagged Gβ1 and Gγ5 constructs containing APEX2 have 
already been made and tested for proper expression and function in HEK 293F 
cells.  These constructs were able to be pulled-down with Gαq, a known interactor of both 
Gβ1 and Gγ5 using co-immunoprecipitation with the Flag-tag. Labeling tests have also 
been done to validate the activity of the APEX2 peroxidase. Through western blot, 
biotinylated protein can be observed only when both hydrogen peroxide and biotin-phenol 
are added.  Cells are then lysed and biotinylated proteins are purified using streptavidin 
beads. Harsh washes can be used to remove any impurities since the streptavidin-biotin 
interaction is strong. Currently, sample preparation for proteomic screens are being 
optimized. Further studies will use stimulated conditions as well as different cell types as 
these factors highly influence the signalling pathways and interacting partners of G protein 
β and γ subunits. Gγ subtype selectivity is also an area that can be further explored using 
this proximity dependent labeling technique since different Gβγ subunit pairs have distinct 
effects. Using this technique, we hope to undertake large proteomic screens to better 
identify Gβγ interactors and the role these interactions play in health and disease. 
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Phospholipase C (PLC) enzymes are essential for normal cellular function. Upon 
stimulation by GPCRs or RTKs, PLCs hydrolyze phosphatidylinositol 4,5-bisphosphate 
(PIP2) at cell membranes to generate diacylglycerol (DAG) and inositol 1,4,5-
trisphosphate (IP3). DAG and IP3 are important second messengers in signal transduction. 
DAG regulates activity of protein kinase C and IP3 mobilizes intracellular Ca2+, which 
initiate multiple signaling cascades and cellular processes. Thus, PLC plays an essential 
role in cell physiology and dysregulation of PLC function gives rise to pathological 
processes. Among six mammalian PLC subfamilies, PLCb subfamily has been intensively 
studied. Among these isoforms, PLCb4 is enriched in retina and cerebellum. PLCb4, 
similar to other PLCb isoforms, is activated by Gaq and, based on mouse knockout 
studies, is involved in mammalian visual signal processing as well as functions in 
cerebellum. Beyond that, less is known about the specific functions of PLCb4 relative to 
other PLC isoforms. 
Recently, a naturally occurring mutation (D630Y) in PLCb4 was found in uveal melanoma 
patient tumor biopsies. Uveal melanoma is a deadly intraocular cancer arising from 
melanocytes residing in the uveal tract. This aspartate (D) residue is conserved across all 
PLC isoforms from 6 subfamilies, indicating that it plays an important role in protein 
function. Our data show that this mutation resulted in constitutively activation of all tested 
PLC isoforms. The molecular mechanism whereby this mutation activates the enzyme will 
also be discussed.  
One aspect of PLCb4 biochemistry that is very different from other PLCb isoforms is that 
it can be activated by the extra-large stimulatory Ga (XLas) in cellular system, but not by 
Gas. Our data show that this activation is PKA-independent. Further studies are underway 
to determine whether this is a direct binding and activation event, and the role of XLas 
stimulation of PLCb4 in physiological systems.  
Overall, we show that PLCb4 has distinct biochemical features that potentially play 
important roles physiologically.   
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    Biosensors can be applied as powerful screening tools to quickly and efficiently 
optimize synthetic metabolic pathways, an essential process for the development of 
strains with commercially viable yields. In particular, an opioid biosensor is needed to 
accelerate the development of opioid-producing yeast strains and the search for non-
euphoric, analgesic compounds that could replace opioids as pain management tools. We 
are constructing such a biosensor by linking opioid receptors to the pheromone response 
pathway of the yeast S. cerevisiae. Opioid receptors are plasma membrane localized G 
protein-coupled receptors (GPCRs), some of which have successfully been linked to the 
pheromone response pathway through chimeric alpha G protein subunits. Adding 
complexity, functional opioid receptors require the presence of the animal sterol 
cholesterol as opposed to the fungal sterol ergosterol. We have successfully engineered 
a cholesterol-producing yeast with alpha subunit chimeras and optimized GFP-based 
reporters but have not yet detected activity upon introduction of opioid receptors. 
  
    Now, using microscopy-based approaches, we are highlighting proper localization of 
exogenous receptors as an under-reported road block in yeast biosensor development. 
By tagging a subset of opioid receptors with green fluorescent protein we demonstrate 
that while expressed, opioid receptors are restricted to the endoplasmic reticulum (ER) 
independent of which sterol is present. In an effort to induce ER-export, we have 
systematically generated mutations in the human mu-opioid receptor and tested mutations 
in yeast quality control machinery. Our ongoing efforts highlight novel strategies to 
properly localize exogenous membrane proteins in yeast for biosensor development. 
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Difficulties in axon regeneration prevent functional recovery after central nervous system 
(CNS) injury in adult mammals. In developing neurons, activation of G-protein coupled 
receptor 110 (GPR110, ADGRF1) by its endogenous ligand N-
docosahexaenoylethanolamine (synaptamide) promotes neurite outgrowth and 
synaptogenesis.  However, expression of this receptor in the brain is diminished after 
birth. Here, we tested if GPR110 activation is a viable mechanism to stimulate CNS axon 
regrowth and functional recovery after nerve injury in adulthood. Endogenous or synthetic 
GPR110 ligands stimulated neurite extension in axotomized cortical neurons and retinal 
explants in culture. In vitro axotomy or in vivo optic nerve crush injury in adult mice rapidly 
induced neuronal expression of gpr110. Intravitreal injection of GPR110 ligands following 
injury prevented the loss of retinal ganglion cells, promoted axon regrowth and enabled 
regenerated axons to successfully innervate the lateral geniculate nucleus, restoring 
visual function at least partly in wild type but not gpr110 knockout mice. Stimulating 
developmental mechanism of neurite outgrowth in adulthood by specifically targeting 
GPR110 upregulated upon injury may provide a novel translational strategy for axon 
regeneration after CNS injury.  
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G protein-coupled receptors (GPCRs) represent a large class of membrane receptors that 
mediate downstream signalling events in cells. Although GPCRs have been targeted by 
therapeutics in different diseases, their downstream signalling remains incompletely 
understood, especially in the context of homo- and heterodimers. It is important to 
understand this coupling, as the dimerization of GPCRs can affect not only the 
downstream signalling of GPCRs, but also the trafficking of receptors to the membrane 
and the internalization kinetics of receptors. This project focuses on three GPCRs that are 
implicated in the regulation of blood pressure, the angiotensin II type 1 receptor (AT1R), 
the prostaglandin F receptor (FP), and the β2-adrenoreceptor (β2AR), and how their 
downstream canonical pathways intertwine in the context of identified heterodimeric 
receptors. To investigate their interactomes, we use the engineered ascorbate peroxidase 
2 (APEX2), genetically fused to the C-tail of these GPCRs. APEX2 is a promiscuous biotin 
ligase that will allow the labelling and subsequent identification of proximal proteins. We 
hypothesize that GPCR heterodimers have a different interactome than GPCR monomers 
or homodimers. First, we validated the expression, function and dimerization the APEX2-
tagged constructs in HEK 293 F cells. Next, we will investigate the interactomes of 
heterodimers under different agonist stimulation by co-expressing APEX2-tagged 
receptors with putative heterodimer partners. To confirm the functionality of β2AR-APEX2, 
we used Bioluminescent Resonance Energy Transfer (BRET)-based signalling 
biosensors. If β2AR remains functional, its activation will lead to an increase in cAMP 
levels, which binds to an EPAC biosensor and causes a change in BRET. To confirm the 
functionality of AT1R-APEX2 and FP-APEX2, we used a Calflux biosensor. When 
activated, these receptors lead to an increase in intracellular Ca2+, which binds to the 
Calflux biosensor and causes a change in BRET. The BRET assays have shown that all 
three receptors couple functionally to Gα signalling with APEX2 fused to their C-tail, and 
western blot analysis has shown that APEX2 activity is functional. In the presence of 
biotin-phenol and hydrogen peroxide, APEX2 labels tyrosine residues on nearby proteins 
with a biotin group over a very brief time, allowing both weak and transient receptor 
interactors to be labelled and captured. We will confirm APEX2 activity through a western 
blot by blotting with streptavidin. After characterization of the constructs, we will enrich 
biotinylated proteins using streptavidin-coated beads. The proteins will then be identified 
through label-free mass spectrometry. 
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Chronic pain is a debilitating condition that seriously affects the quality of life of more than 
20% of people worldwide. Despite extensive efforts, the therapeutic options remain 
currently limited. As our knowledge of this complex disease increases and the need for 
new treatments gets critical, we first need to identify new molecular pain targets. Growing 
evidences link chemokines, and especially CCL2 and its main receptor CCR2, to chronic 
pain. However, these findings did not translate in new therapeutic approaches, in part due 
to a lack of understanding of the precise mechanisms by which CCR2 contributes to the 
development of chronic pain of different etiologies. Here, we therefore investigated the 
potential of dicer-substrate small interfering RNA (DsiRNA) encapsulated in lipid 
nanoparticles (LNPs) to characterize the contribution of the CCL2/CCR2 axis as a 
generator of pain hypersensitivity and its involvement to the development of a chronic pain 
state. Our first step was to characterize the distribution of DsiRNA encapsulated in LNP 
administered intrathecally (i.t.) to male Sprague-Dawley rats. Rats were then subjected to 
either chronic inflammatory pain induced by an intraplantar administration of complete 
Freund’s adjuvant (CFA) or neuropathic pain induced by a chronic constriction of the 
sciatic nerve (CCI). They were injected intrathecally (i.t.) for two consecutive days with 5 
µg of 27-mer DsiRNA designed against CCL2 or its receptor, CCR2. Treatments were 
applied either pre-emptively, one day after or at a later time point (day 7 for CFA, day 25 
for CCI) following the initiation of the chronic pain condition. Mechanical hypersensitivity 
was assessed on a weekly basis using von Frey filaments. Our results revealed that i.t 
injection of LNP containing DsiRNA reached selectively the lumbar dorsal root ganglia 
(DRG), but not the region of the spinal cord where they project. This was confirmed by 
Western blot analyses showing a knock-down of 91% of the targeted protein in the L4-L6 
DRG, but normal expression levels in the corresponding lumbar spinal cord. Repeated i.t. 
injections of 5 µg of DsiRNA against CCL2 or CCR2 were more effective to reduce 
mechanical hypersensitivity in both inflammatory and neuropathic models when 
administered one day after CFA or CCI rather than one day before the induction of pain. 
Interestingly, while neither DsiRNA were effective at reducing mechanical hypersensitivity 
when administered 7 and 8 days post-CFA, the DsiRNA against CCR2 significantly 
reversed neuropathic mechanical hypersensitivity for 3 weeks when administered 25 and 
26 days post-CCI. Together, these results demonstrate that DsiRNA encapsulated in LNP 
can be used to investigate precisely the roles of a GPCR in a given pathology, helping to 
develop more specific and effective therapeutic approaches. 
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Cell-migration and adhesion are fundamental biological processes regulated by 
chemokine G-protein-coupled receptors (GPCRs). GPCRs bind to heterotrimeric G 
proteins, which are composed of Ga and Gbg subunits. In the inactive form, Gα is bound 
to GDP and Gβγ. Receptor activation triggers the exchange of GDP for GTP on Gα, 
leading to its dissociation from the receptor and the Gβγ complex. Chemokine receptors 
couple to the PTX-sensitive Gi/o family of Gα (Gαi) proteins. The role of Gβγ in chemokine 
signaling has been well characterized and is thought to be the major transducer of these 
processes.  Previous reports from our laboratory have identified Gαi as a regulator of cell 
adhesion that does not depend on its ability to regulate cAMP. To identify the novel 
effectors of Gαi that may be involved in the regulation of cell migration, or other Gi-coupled 
GPCR processes, we adopted a proximity-based labeling technique. BioID2 (promiscuous 
Biotin ligase enzyme (BirA*) fused to Gαi1 was used to screen for proteins which are 
differentially biotinylated in Gαi1-WT (inactive) vs Gαi1-QL (constitutively active,) 
expressing HT1080 fibrosarcoma cells.  Chimeric Gαi1-BIOID2 constructs had unaltered 
signaling function and localization in these cells. Tandem mass tag (TMT) mass 
spectrometry biotinylated proteins purified from Gαi1-WT-BIOID2, and Gαi1-QL-BIOID2 
and BioID2-CaaX (as membrane-targeted control samples) expressing cell extracts were 
performed. Known interactors of Gαi subunits including, GPCRs, Gβ and Gγ, adenylate 
cyclase, Ric8A, and others were identified. One candidate Gai target, significantly 
enriched in Gαi1-QL-BIOID2 as compared to Gαi1-WT-BIOID2 samples, was PDZ-
RhoGEF (ARHGEF11), a Rho guanine nucleotide exchange factor. PDZ-RhoGEF is a 
known major regulator of cell adhesion in neutrophils downstream of Gi-coupled 
chemoattractant receptors.  To determine if PDZ-RhoGEF is a true effector of Gαi; we co-
transfected PDZ-RhoGEF with Gai subunits, and an SRE luciferase reporter construct 
responsive to Rho activation.  Gαi1-QL but not Gαi1-WT strongly activated SRE luciferase 
only when co-expressed with PDZ-RhoGEF. Activation of RhoA by Gαi1-QL was 
confirmed with a Rhotekin-GST pulldown assay.  Activation is specific to the Gai subfamily 
of G proteins, is specific to PDZ-RhoGEF, and requires the RGS domain within PDZ-
RhoGEF.  We are currently characterizing this novel interaction using purified proteins to 
demonstrate direct regulation.  Since PDZ-RhoGEF is known to be involved in cell 
migration and adhesion, this is protein is likely a key downstream target of Gai that 
regulates cell migration.  Overall, identification of the relatively ubiquitously expressed 
PDZ-RhoGEF as new Gαi-GTP target has implications for regulation of downstream 
signaling by Gi-coupled GPCRs in multiple biological systems.  
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Previously, our laboratory identified a phospholipase C (PLC)-mediated PI4P hydrolysis 
pathway at the Golgi apparatus that is important for regulation of cardiac hypertrophy, a 
pathology associated with development of heart failure. cAMP stimulates this pathway via 
Epac-mediated activation of Rap1 which directly binds to, and activates PLCe. Here, we 
demonstrate that a membrane permeant b-adrenergic agonist, dobutamine (dob), and the 
endogenous b-adrenergic agonist, norepinephrine (NE), induce Golgi PI4P hydrolysis in 
neonatal rat ventricular myocytes (NRVMs) and adult ventricular myocytes. However, a 
membrane impermeantb-adrenergic agonist, isoproterenol (iso), does not. In addition, a 
membrane permeant bAR antagonist, metoprolol, but not a membrane impermeant 
antagonist, sotalol, fully reverses dob-mediated PI4P hydrolysis. Taken together, 
this suggests that internal b-ARs are required for inducing PI4P hydrolysis. 
Subsequently,we used YFP-tagged mini Gs proteins, that are recruited to Gs-coupled 
receptors upon their activation, to monitor the location of activated receptors. Dob and NE 
induced robust and rapid recruitment of mini Gs to the plasma membrane and the Golgi, 
however, iso only induces recruitment to the plasma membrane. Additionally, inhibition of 
PLCeat the Golgi with either siRNA or the RA1 domain of PLCe, or the use of an Epac 
inhibitor inhibits dob-mediated PI4P hydrolysis. This indicates that PI4P hydrolysis by dob 
requires Golgi-localized PLCeand Epac.Inhibition of the bAR with Golgi-targeted Nb80 
prevented PI4P hydrolysis induced by both dob and NE confirming that Golgi-
localized bARs are required for PI4P hydrolysis. Oct3 transporter inhibitors prevent NE-
induced PI4P hydrolysis but dyngo, an inhibitor of receptor internalization, had no effect. 
This indicates that agonist transport and not receptor internalization is required for NE-
mediated Golgi bAR activation and PI4P hydrolysis. Furthermore, dob stimulates an 
increase in cell size and ANF expression in NRVMs that is significantly inhibited by 
metoprolol but not sotalol. Importantly, either inhibition of membrane transporter, OCT3, 
or Golgi-localized bAR by Golgi-targeted Nb80 prevents NE-stimulated NRVMs 
hypertrophy. Taken together, these data suggest that Golgi bARs other than cell 
surfacebARs are required for stimulation of cardiomyocyte hypertrophy and may serve as 
a novel target for treating heart failure. 
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Schizophrenia is a chronic, disabling mental disorder currently affecting about 1% of the 
population worldwide. It is characterized by positive symptoms (hallucinations and 
delusions), negative symptoms (social withdrawal and anhedonia) and cognitive deficits. 
The antipsychotics currently in use are classified as typical (D2 receptor antagonists) and 
atypical (5-HT2A  and D2 receptor antagonists/inverse agonists) based on their mechanism 
of action and side effect profile. The typical antipsychotics help against the positive 
symptoms but are ineffective against the negative and cognitive symptoms, and cause 
devastating extrapyramidal side effects (EPS). The atypical antipsychotics have a higher 
affinity towards the 5-HT2A receptor and are efficacious against the negative and cognitive 
symptoms. They have a lower liability of causing EPS but are associated with metabolic 
side effects and hyperprolactinemia. These antipsychotics also possess various levels of 
affinity for other aminergic receptors, which might contribute towards both the beneficial 
and unwanted effects. The recent recognition that ligand-directed functional selectivity 
(biased signaling) is prevalent has opened the path towards the development of safer 
antipsychotics with better therapeutic profiles by selectively targeting some pathways 
while avoiding others leading to side effects.   
The present study investigates the complete molecular signaling profile of antipsychotics 
at the 5-HT2A receptor with the aim of furthering our understanding of the molecular basis 
of antipsychotic action at the 5-HT2A receptor in an effort to link signaling signatures with 
therapeutic profiles. First, the G protein activation profile of 5-HT across an entire panel 
of wild type Gα subunits belonging to different families was obtained in HEK293 SL cells 
using the BRET-based biosensor based on the competition between the Gα subunit and 
GPCR kinase 2 (GRK2) for interacting with the Gβγ complex. The results of this initial 
screen indicated modulation of mainly the Gαq family members and Gαz. Going forward 
with this information and delving deeper into the signaling pathways activated, 5-HT and 
the antipsychotics were tested across another set of biosensors based on the recruitment 
of specific effectors to the different Gα subunits upon GPCR activation. The results 
confirmed those obtained with the first set of biosensors whereby the 5-HT2A receptor 
coupled only to the Gαq family members (Gαq, Gα11, Gα14 and Gα15) and Gαz. When the 
six antipsychotics were tested, differences were apparent in their ability to 
activate/inactivate the different signaling pathways with weak inverse agonist activity 
shown by risperidone (Gαq, Gα11, Gαz), clozapine (Gαq, Gα11, Gαz), olanzapine (Gαq, 
Gα11) and haloperidol (Gαq, Gα11, Gα14, Gα15, Gαz), while aripiprazole showed a tendency 
to be an antagonist (Gαq, Gα11, Gα14, Gα15, Gαz) and cariprazine was either a partial 
agonist (Gαq, Gα11, Gα14) or an antagonist (Gα15, Gαz). Studies are ongoing to test the 
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recruitment of β-arrestin 1 and β-arrestin 2 by the antipsychotics as well as their ability to 
activate/inactivate the PLA2 pathway.  
This study, which will eventually be extended to the other aminergic receptors, will be a 
stepping stone towards discerning the signaling pathways associated with the therapeutic 
effects of antipsychotics from those leading to side effects.  
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Neuromodulators such as serotonin are able to effect long-lasting changes in brain 
function because they signal primarily through GPCRs, which amplify the effects of ligand 
activation through downstream signaling molecules and modifications in gene expression. 
Because of this amplification, their signaling must be very tightly regulated. One key way 
in which signal transduction through GPCRs is regulated is by receptor endocytosis. 
Following endocytosis, receptors can either be deliganded and recycled back to the 
membrane, serving to “resensitize” signal transduction, or they can be shunted to the 
lysosome for degradation, thereby promoting receptor downregulation and directly 
dictating the number of receptors available to be activated. Receptor fate following 
endocytosis is governed by interaction with several sorting proteins which bind the C-
terminal tail region of certain GPCRs. Previous studies have found that, in most receptor 
classes, there are GPCRs that recycle and those that degrade. For example, the D1 
dopamine and mu opioid receptors are recycled after endocytosis while the D2 dopamine 
and the delta opioid receptor are degraded in the lysosome after endocytosis. Our studies 
will interrogate the postendocytic sorting properties of the serotonin GPCR class, of which 
there are 22 different genes and isoforms with distinct cytoplasmic tail sequences. We will 
express these tail regions in vitro and measure their interaction with four known sorting 
proteins, GASP1, SNX1, EBP50, and PAR1, to determine how each receptor is likely to 
be sorted. We will then determine the postendocytic sorting properties of these isoforms 
in response to serotonin. In addition, tissue-specific expression of these receptor genes 
and isoforms, and the sorting proteins that regulate them is highly relevant to their 
function, but has not yet been thoroughly explored. We will identify these expression 
patterns in the brain by in situ hybridization and qPCR. Importantly, aberrations in 
serotonerigic signaling are implicated in a plethora of mental disorders. Therefore, a 
comprehensive understanding of tissue/cell specific serotonin receptor trafficking could 
help elucidate the mechanisms underlying these disorders and provide insight regarding 
the observation that selective serotonin reuptake inhibitors often take weeks to become 
effective.  
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103 - Tackling the orphan GPCR—GPR52 
 
Xi Lin1, Yiran Wu1, Fei Xu.1 
1iHuman institute, ShanghaiTech University, Shanghai, China 
 
G protein-coupled receptors (GPCRs) are the most common targets of the 
neuropharmacological drugs in the central nervous system (CNS). Till now, there are still 
more than ~100 GPCRs with unknown endogenous ligands and are thus classified as 
orphan GPCRs. GPR52, an orphan GPCR, has the highest potential of being a 
therapeutic psychiatric receptor. Drug discovery toward GPR52 is hampered by the lack 
of structural understanding and the limited knowledge of endogenous ligand. To uncover 
the atomic-resolution structure of GPR52 and to provide hint for deorphanization, we 
performed structural analysis using x-ray crystallography, along with ligand/probe 
discovery. Through iterative construct design and optimization, we have 
obtained diffraction-quality crystals. We also identified several hit ligands and antibody 
that can be developed as probe for deorphanization. 
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104 - Profiling allosteric compounds on follicle-stimulating 
hormone receptor activation-impact on oligomerization, 
signalling and trafficking 
 
Niamh Sayers1, Silvia Sposini2, Selva Nataraja3, Henry Yu3,4, Stephen Palmer3, Aylin 
Hanyaloglu1 
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Glycoprotein hormones, such as recombinant follicle-stimulating hormone (FSH), are 
used to target glycoprotein hormone receptors in assisted reproductive technologies but 
have numerous problems regarding their use. The advent of orally available small 
molecule drugs to replace these may provide a novel mechanism of action to improve 
patient compliance, biological response and reduce the risk of ovarian hyperstimulation. 
Due to the difficulties in producing compounds that fully mimic the actions of a large, 
glycosylated protein at the orthosteric site, small molecule ligands have been developed 
from distinct chemical series that bind allosterically and induce either agonistic or 
antagonistic actions. Such compounds represent useful pharmacological tools to study 
FSH receptor (FSHR) activation. FSHR has been found to oligomerize early during 
biosynthesis and that the trimeric form is proposed to be a key receptor species in receptor 
activation following ligand binding. In addition, we have recently demonstrated that 
trafficking of FSHR to very early endosomes (VEE) plays an essential role in receptor 
signalling. Therefore, we assessed the impact of distinct allosteric ligands that have 
proposed opposing actions on the receptor, full agonist (termed compound 2) and 
antagonist (termed compound 4), and on these key mechanisms for FSHR function; 
oligomerisation at the plasma membrane and endosomal trafficking/signalling. 
Photoactivatable localization microscopy with photoactivatable dyes (PD-PALM) was 
employed to study FSHR oligomers at the plasma membrane. In HEK 293 cells 
expressing FLAG-tagged FSHR, FSHR formed both monomers, dimers and a range of 
oligomeric complexes in the basal state, as we have shown for a related receptor the LH 
receptor. Treatment of cells with either FSH or the allosteric compounds altered the 
proportion of monomer to oligomeric complexes, whereby the allosteric antagonist 
increased the monomeric population by almost two-fold. Interestingly, the proportion of 
FSHR trimers, considered to be the complex that FSH activates, was reduced by 50% by 
FSH treatment and allosteric agonist compound 2, but not the allosteric antagonist. The 
requirement for internalization on FSHR/Gs/cAMP signalling was assessed via the 
dynamin inhibitor, Dyngo-4a. Both FSH and compound 2-mediated cAMP signalling was 
dependent on receptor internalization. As expected, compound 4 did not increase cAMP 
levels, nor did it induce further internalization or receptor recycling, although constitutive 
FSHR internalization was still evident. To determine if compound 2 induced FSHR 
internalization to the VEE, internalized receptor was imaged with markers for the VEE 
(APPL1) or the early endosome (EE; EEA1) via confocal imaging of fixed cells. When 
activated by compound 2, there was a significant increase in receptors trafficking to the 
VEE versus the EE compared to FSH. Overall, these results indicate that receptor 
activation and trafficking to the VEE may involve di/oligomers over monomers and that it 
may be possible to alter endosomal organization of receptors. Although the downstream 
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impact of such changes needs to be determined it demonstrates that allosteric ligands 
can be useful tools to dissect the role/s of distinct activation states of FSHR. 
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105 - A novel interaction between Gβγ and RNA polymerase II 
regulates angiotensin II type I receptor-mediated transcription 
 
Ryan Martin1, Shahriar Khan1, Celia Bouazza1, Jace Jones-Tabah1, Andy Zhang1, Sarah 
MacKinnon1, Phan Trieu1, Sarah Gora1, Paul B.S. Clarke1, Jason C. Tanny1, Terry Hébert1 
1McGill University 
 
     Cardiac fibroblasts are critical for the formation of a fibrotic scar to damaged areas in 
the heart and in cardiac remodelling during the development of heart failure. Activation of 
the angiotensin II (Ang II) type I receptor (AT1R) is a driver of the pro-fibrotic response, 
initiating signalling pathways which lead to induction of a pro-fibrotic gene expression 
program. While inhibition of Gβγ signalling attenuates the fibrotic response and reduces 
cardiac remodelling, the role of specific Gβγ subunits in regulating the AT1R-mediated 
fibrotic response is unknown. Furthermore, recent work has shed light on non-canonical 
pathways in distinct cellular compartments regulated by Gβγ. For example, our previous 
work demonstrated Gβ1γ interacts with and negatively regulates the activity of the 
transcription factor AP-1. We have also identified Gβ1γ occupancy on the promoters of 
more than 800 genes through ChIP-on-chip experiments.  
     As Gβγ subunits occupied many promoters and interacted with various transcription 
factors, we sought to examine whether they interacted with a protein complex that binds 
transcriptional regulators ubiquitously. We identified RNA polymerase II (RNAPII) as a 
novel Gβγ interactor in primary neonatal rat cardiac fibroblasts. Co-immunoprecipitation 
demonstrated that activation of AT1R by its endogenous agonist Ang II led to an increased 
Gβγ interaction with RNAPII. With Gβ isoform specific antibodies, we identified a switch 
between Gβ2under basal conditions and Gβ1interacting with RNAPII following Ang II 
treatment. To determine the transcriptional role of different Gβ isoforms, we assessed 
gene expression following Gβ1or Gβ2 knockdown with a fibrosis qPCR array. While 
Gβ2knockdown had minimal effects on Ang II-mediated transcriptional responses, 
Gβ1knockdown led to a potentiated response to Ang II suggesting negative transcriptional 
regulation by Gβ1γ under normal conditions. Chromatin immunoprecipitation (ChIP)-
qPCR demonstrated Ang II-mediated recruitment of Gβ1γ to fibrotic genes identified in the 
array, further supporting a direct role on the transcriptional machinery. ChIP followed by 
next-generation sequencing (ChIP-seq) was performed to assess genome-wide 
recruitment of Gβ1and its effect on RNAPII, with preliminary analysis aligning to our ChIP-
qPCR data. 
     As RNAPII travels along genes, various complexes are recruited in a spatiotemporal 
manner to the transcriptional machinery. For example, the multi-subunit SWI/SNF 
nucleosome remodelling complex is required to move nucleosomes leaving accessible 
DNA for active RNAPII transcription. We became interested in this complex as a potential 
mechanism for Gβ1γ transcriptional effects as we identified the SWI/SNF catalytic subunit 
SMARCA4 interacting with Gβ1γ by affinity-purification followed by mass spectrometry. 
Co-immunoprecipitation of Flag-Gβ1γ and SMARCA4-GFP overexpressed in HEK 293 
cells confirmed the interaction. Furthermore, RNA-seq of our HEK 293 CRISPR Gβ1KO 
cell lines predicted SWI/SNF complex activity to be upregulated in the absence of Gβ1, 
again indicating a potential negative regulation of the complex. These two lines of 
evidence suggested that Gβ1γ may act through this complex to regulate AT1R-mediated 
gene expression. Preliminary evidence shows that endogenous Gβγ and SMARCA4 
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interact in cardiac fibroblasts, with ongoing ChIP and knockdown experiments to further 
understand the role of Gβγ regulation of fibrotic genes.  
     Taken together, our studies reveal Gβ1γ as a novel regulator of RNAPII transcription, 
potentially through regulation of nucleosome remodelling along genes, and sheds light on 
the complex roles specific Gβγ dimers play in GPCR signalling. 
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106 - Activation of human Mas-related G protein-coupled 
receptor D induces release of IL-6, indicating a possible role 
of MRGPRD in the regulation of inflammatory mediators 
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for Advanced Microscopy (ACAM), Campus Drie Eiken, University of Antwerp, Belgium. 
 
Mas-related G protein-coupled receptors (MRGPRs), a subfamily of class A GPCRs, are 
known to be involved in nociception, neuro-modulation and inflammation. One of the 
MRGPR members, MRGPRD, is predominantly expressed in nociceptive neurons of the 
dorsal root and trigeminal ganglia. Interestingly, MRGPRD expression has recently been 
detected in cardiomyocytes pointing to a pivotal role in renin-angiotensin system (RAS)-
mediated cardiac myopathies. However, MRGPRD involvement in the regulation of 
inflammatory mediators has not been demonstrated to date. Here, we report that β-
alanine, a known ligand for MRGPRD, induces the release of the pro-inflammatory 
cytokine IL-6 from HeLa cells expressing human(h) MRGPRD. Considering that MRGPRE 
and MRGPRF have also been reported to be expressed in trigeminal and dorsal root 
ganglia and that we previously demonstrated interaction between hMRGPRD-hMRGPRE 
and hMRGPRD-hMRGPRF (1), we investigated IL-6 release from HeLa cells 
heterologously co-expressing hMRGPRD-hMRGPRE or hMRGPRD-hMRGPRF upon 
hMRGPRD activation by β-alanine. Interestingly, IL-6 release was elevated in cells co-
expressing hMRGPRD with either hMRGPRE or hMRGPRF, indicating modulatory and 
functional regulation between the co-expressing receptor pairs. These data, and the fact 
that MRGPRD, MRGPRE and MRGPRF are expressed in trigeminal and dorsal root 
ganglia, point to a role of MRGPRD in modulating inflammation. 
  
1. Arora R., Van Remoortel S., Labro A., Snyders D., Buckinx R., Timmermans J-P. 
(2018). Unravelling homo- and heteromeric interactions of Mas-related G protein-coupled 
receptors: a gut perspective. Neurogastroenterol. Motil. 30 (Suppl1): e13423, p.36 
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107 - Structural basis of ligand selectivity and disease-related 
mutations in human Cysteinyl Leukotriene Receptors revealed 
by X-ray crystallography 
 
Anastasiia Gusach1, Aleksandra Luginina1, Egor Marin1, Rebecca Brouillette2, Élie 
Besserer-Offroy2, Jean-Michel Longpré2, Petr Popov1, Gye Won Han3, Vsevolod Katritch3, 
Valentin Borshchevskiy1, Philippe Sarret2, Alexey Mishin1, Vadim Cherezov1,3 

 
1Moscow Institute of Physics and Technology, 2Université de Sherbrooke, 3University of 
Southern California 
 
Inflammatory lipid mediators are often synthesized in vivo from natural membrane lipids 
to further exert their functions via receptor-specific interactions. In such a way cysteinyl 
leukotrienes, arachidonic acid derivatives, act through interactions with two G protein-
coupled receptors (GPCR): cysteinyl leukotriene receptor 1 (CysLT1R) and cysteinyl 
leukotriene receptor 2 (CysLT2R)1,2. While known studies indicate their distinct role in 
pathogenesis of asthma, cancer, allergic response, cardiovascular and other disorders 3–

6, the receptors divergence in general remains unclear. In this work, several high-
resolution X-ray structures of both CysLTRs with selective and non-selective 
CysLT1T/CysLT2R compounds together with functional data shed light into the ligand 
selectivity among the receptor subtypes. The role of several disease-related mutations 
known from the recent genomic data7,8 is also elucidated. 
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therapeutically-relevant human GPCRs  
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It is now recognized that a given GPCRs can engage multiple signaling pathways and that 
specific ligands can selectively promote the engagement of different subsets of these 
pathways. To fully explore the potential of this functional selectivity phenomenon in drug 
discovery and development, it becomes essential to have an exhaustive description of the 
effectors that can be engaged by a given receptor, providing receptor- and ultimately 
ligand-specific signaling signatures. Here, we describe a central resource for interrogating 
the signaling profiles of over 100 therapeutically relevant human GPCRs in response to 
their endogenous ligands. For this, we used 15 pathway-selective bioluminescence 
resonance energy transfer (BRET) biosensors monitoring the activation of each Gα 
protein, as well as βarrestins in the absence or presence of co-expressed GRK2. The G 
protein sensors used in the present study represent a new generation of BRET-based 
sensors that monitor the recruitment of G protein effectors to the plasma membrane with 
no need for modifying the G proteins or the receptors. Over 1,500 
concentration-responses curves were generated and revealed a great diversity in the 
coupling selectivity of the studied receptors. Our data highlight that the Gi-family displayed 
the highest general coupling while Gs and G12/13 families were less frequently engaged 
by the receptors tested. Some receptors showed greater selectivity, with activation 
restricted to a single G protein subtype or members of the same G protein family (22% of 
tested GPCRs). Others showed pleiotropic activation profiles engaging G proteins 
belonging to multiple families (38% and 31% of tested receptors coupled to members of 
two and three G protein families, respectively) and, in some cases, all tested G proteins. 
Somewhat surprisingly, some receptors showed G protein subtype selectivity among the 
members of the same family. This underappreciated level of receptor coupling selectivity 
raises fundamental questions on the structural determinants of selectivity among closely 
related G proteins. A similar receptor-specific profile of activation was observed for 
barrestins with 64% of receptors recruiting βarrestin-2, and co-expression of GRK2 
favoring this recruitment. This difference in functional selectivity for different GPCRs 
highlights the importance of testing the multiple pathways that can be engaged by a 
receptor. Interestingly, our analysis reveals that monitoring the activation of Gz and G15 
allowed to detect the activation for the vast majority of the 100 GPCRs tested. 
Consequently, combining Gz and G15 sensors provides a practical tool to detect the 
activity of almost any GPCR. Furthermore, our BRET-based biosensors allow the 
detection of receptor constitutive activity, thus opening opportunities to use this 
technology for GPCR deorphanization or to identify new drugs targeting constitutively 
activated GPCRs overexpressed in cancer. Hence, in addition to describing and validating 
an exhaustive G protein activity sensor platform, the study provides an exhaustive 
description of the signaling repertoire of 100 therapeutically relevant GPCRs that may 
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underlie their therapeutic efficacy/safety profiles. All in all, this work describes a unique 
resource for both discovery and validation purposes in GPCR research and drug 
discovery.    
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109 - Structural basis for polypharmacological ligand bias: 
Implications for bitopic ligand design 
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Polypharmacological bias represents an important strategy toward more effective 
neuropsychiatric drug treatments with reduced side-effects. To date, the 
polypharmacological anti-migraine drug, ergotamine (ERG), has been co-crystallized in 
three amingeric GPCR crystal structures: 5-HT1B, 5-HT2B and 5-HT2C receptors, detailing 
key binding pocket interactions necessary for multi-receptor engagement. At 5-HT2B and 
5-HT2C receptors, ERG displays B-arrestin-biased agonist activity, but is balanced at the 
5-HT1B receptor, leading to speculation on structural mechanisms necessary for ligand 
bias.  
  
To uncover the structural basis of ERG polypharmacological bias, we synthesized several 
ERG analogs designed to manifest G protein-biased agonist activity by interacting with 
key binding pocket motifs implicated in G protein versus B-arrestin-biased agonist 
recognition. These data, for the first time, indicate extended pocket residues in TM7 and 
EL2 are involved in ‘ligand-directed effector switching’ that lead to biased conformations 
of the aminergic GPCR subfamily. Importantly, we demonstrate biased allosteric agonism 
with ERG tripeptide analogs that can be used toward the design of novel biased bitopic 
ligands for a plethora of GPCRs. 
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Pierre Thibeault1,2, Jordan C LeSarge1,3, D'Arcy Arends1,2, Michaela Fernandes1,3, Peter  
Chidiac1,2, Peter B Stathopulos1,2, Leonard G Luyt1,3,4,5, Rithwik Ramachandran1,2 

 
1University of Western Ontario, 2Department of Physiology and Pharmacology, 
3Department of Chemistry, 4Departments of Oncology, 5London Health Research 
Institute 
 
Proteinase-activated receptor 4 (PAR4) is one of four proteolytically-activated G-protein-
coupled receptors (GPCRs) called PARs. PARs are activated through intramolecular 
binding of a tethered ligand that is revealed by limited proteolysis of the receptor N-
terminus. PARs can also be activated by hexapeptides mimicking their tethered ligand 
sequence and are therefore essentially peptide receptors. PAR4 is an exciting new target 
for anti-platelet therapeutics however our understanding of PAR4 agonism/antagonism 
mechanisms is still quite limited. Structure-activity relationship (SAR) studies of human 
PAR4 and its tethered ligand sequence, GYPGQV, generated the widely used PAR4-
activating peptide AYPGKF-NH2 (PAR4-AP). In the present study, we investigated 
additional substitutions to positions within this peptide to further characterize mechanisms 
underlying PAR4 activation of Gαq/11 and β-arrestin-1/2 signalling pathways. Our data set 
revealed key chemical and structural requirements for residues in PAR4 agonist peptides, 
including peptides capable of initiating β-arrestin recruitment while not activating Gαq/11-
dependent calcium signalling. Our data reveal that N-terminal protonation is important for 
peptide activity at PAR4. Substitution of PAR4-AP Ala1, Tyr2, Pro3, and Lys5 with their 
respective D-isomers was deleterious to both calcium signalling and β-arrestin 
recruitment, suggesting backbone orientation is a key component of agonist efficacy. 
Further, N-methylation improved β-arrestin recruitment compared to the parental peptide, 
however, was frequently deleterious to calcium signal activation, perhaps elucidating an 
area for further optimization to exploit biased agonism of PAR4 [e.g. (N-Me-A)-YPGKF-
NH2, AYPG-(Nα-Me-K)-F-NH2]. We find a requirement for aromatic residues in position 2. 
Our data also highlight the importance of the backbone conformation of Pro3 and Gly4, 
such that substitutions that change or elongate the backbone orientation at position 3 or 
4, respectively, significantly decrease agonism (e.g. AYpGKF-NH2; AY-Nip-GKF-NH2). 
Finally, both Lys5 and Phe6 appear to have a role in agonist potency and efficacy. 
  
Dissecting the contribution of G-protein versus β-arrestin signalling in platelet aggregation 
cascades downstream of PAR4 activation has been challenging to address. However, we 
have started to address this question with our novel peptides agonists in a washed rat 
platelets aggregation assay. We find that application of either thrombin or AYPGKF-NH2 
results in platelet aggregation which was inhibited in a dose dependent manner through 
pharmacological blockade of Gαq/11 signalling with the small molecular inhibitor 
YM254890. Treatment of platelets with β-arrestin “biased” peptides that are unable to 
initiate Gαq/11-dependent calcium signalling did not cause platelet aggregation. We 
however find that these β-arrestin-biased peptides were able to trigger platelet shape 
change. Further we find that certain peptides which are more potent activators of PAR4 
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calcium signalling and β-arrestin recruitment relative to AYPGKF-NH2 also cause a 
greater platelet aggregation response. Together these data and novel compounds provide 
exciting opportunities for the dissecting PAR4 G-protein-dependent and G-protein-
independent/β-arrestin-dependent signalling in platelets. Further, our studies have 
elucidated a set of key characteristics for further development of biased ligands targeting 
PAR4. 
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111 - Adventures in fitting concentration response curves 
 
Paul Dallaire1,2, Graciela Pineyro1,2 
1University of Montreal, 2CRCHUSJ 
 
We write custom software for fitting our GPCR BRET concentration response curves 
(CRC). Here we show various strategies we use to address common and specific 
challenges encountered when fitting CRCs both with the logistic and the operational 
models. Some of these are specific to the Bayesian inference approach to curve fitting 
and we will introduce some practical benefits of its use. 
Case 1: Estimate the effect of experimental noise on specific parameters independently 
of data. We computed the impact of various levels of experimental noise on parameter 
estimates using simulation. This provided us with fitness landscapes showing the relative 
importance of noise for the accurate estimation of Ka/tau parameters at specific value 
ranges. These can assist during experiment planning by revealing expected precision and 
accuracy on specific parameters for candidate experimental strategies. 
Case 2: Inter-batch normalization using all samples as standards. We augmented the 
reliability of normalization in data from a lengthy experiment that showed some drift by 
sharing the batch scaling factor across all samples during a single fit comprising all the 
data. This alleviated the reliance on any one compound used as standard and led to 
increased data consistency. 
Case 3: Fitting multiple data sets at once allows sharing parameters. When fitting the 
operational model for compounds tested on panels of BRET sensors that share a unique 
GPCR receptor, we wonder if there should be a unique Ka reflecting its binding kinetics 
for each compound. An alternative is to consider the fitted value an “effective Ka” specific 
to the binding of the compound to the exact sensor measured. By analogy we ask should 
tau be unique to the receptor-effector pair or fluctuate with the compound? We show 
results of fits obtained using the 4 corresponding configurations of the curve fitting routine 
and explain the approach. Indeed, parameters can be shared between experimental 
groups (sensors, drugs, batches…) 
Case 4: Compare drug effects by AUC (with p-value!). Area Under the Curve (AUC) is the 
integral of the fitted function. It is easily computed on the best fit values. Its fit uncertainty 
however is required in order to know how valid the differences in AUC values obtained for 
tested compounds are (what are the p-values of the differences?). We chose to exploit a 
characteristic of the Bayesian inference approach and compute the AUC and associated 
uncertainty a posteriori to the fits. As an added bonus, the AUC (and uncertainty) can then 
be computed repeatedly with new intervals very easily. This allowed to compare 
compounds of a panel by their AUCs. We believe that this extremely flexible approach will 
benefit others. 
  



 167 

112 - Generation and characterization of monoclonal 
antibodies against GPCRs 
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1National Research Council of Canada 
 
National Research Council of Canada has a strong history in target discovery, antibody 
generation and characterization, resulting in the production of new antibodies against 
hundreds of targets to date. Among the therapeutic targets identified, GPCR proteins 
represent a challenge as well as an opportunity to combine existing methods and develop 
new approaches to generate and characterize mAbs against them. The NRC has recently 
launched an initiative aiming at identifying functional mAbs against GPCRs potentially 
involved in cancer and CNS diseases. Immunization strategies, mAbs generation and 
screening as well as functional characterization approaches will be presented. 
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113 - SYNERGISTIC ACTIVATION OF PLC-DEPENDENT 
DIACYGLYCEROL (DAG) PRODUCTION BY MU-OPIOID 
RECEPTORS AND Gq COUPLED RECEPTOR SIGNALING 
 
Gissell A. Sanchez1, Alan V. Smrcka1 
1University of Michigan 
 
The mu-opioid receptor (MOR) is a Gi-protein coupled receptor (GPCR) responsible for 
opioid analgesia and undesired effects such as constipation, respiratory depression, and 
addiction. Upon binding of an agonist, the Gai and the Gbg subunits dissociate to signal 
downstream effectors. Two Gβγ-activated pathways related to MOR desensitization are 
protein kinase C (PKC) and G-protein coupled receptor kinases (GRK) which lead to 
dampened analgesia. PKC is activated by diacyglycerol (DAG) which is formed by 
hydrolysis of phosphatidylinositol-4,5-bisphosphate (PIP2) by activation of phospholipase 
Cβ3 (PLCb3) – a direct binding effector of Gβγ. PLCβ3 knockout in mice, and small 
molecule inhibitors of Gβγ-PLC interactions, potentiate opioid analgesia.  However, MOR-
dependent activation of PLC is difficult to observe in cellular models. Since PLCβ3 is 
synergistically activated by Gaq and Gβγ subunits, we hypothesized that MOR-dependent 
PLC activation may require a coincident signal from a Gq-signaling pathway. To test this, 
we established an assay for PLC activation using a fluorescent DAG sensor in HEK-293 
cells. M1-muscarinic receptor (Gq-coupled receptor) expressing cells strongly stimulated 
DAG production by addition of M1-agonist carbachol, while in cells expressing only MOR, 
no agonist produced detectable DAG. When both receptors were transfected and 
stimulated simultaneously DAG production was increased. Carbachol concentration was 
titrated down to minimize Gq-dependent DAG production while retaining a high DAG 
signal from simultaneous M1-MOR stimulation. Physiologically, neurons respond to 
multiple neurotransmitters, so this could be a mechanism by which MORs activate PKC 
in a physiological context. We will explore this mechanism in stable cell lines and isolated 
neurons. Additionally, this system will be used to screen novel Gbg inhibitors for 
development of potential opioid therapeutics. 
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114 - PDZ PROTEINS PLAY SEPARABLE ROLES IN 
ENDOCYTOSIS AND ARRESTIN-BASED SIGNALING OF THE 
β2 ADRENERGIC RECEPTOR 
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An emerging paradigm suggests that different phases of G-protein coupled receptor 
(GPCR) signaling may be associated with differential localization of the receptor. It has 
been shown for some GPCRs, such as the mu opioid receptor, that arrestin-mediated 
ERK activation is directly associated with the length of time the receptor spends in clathrin-
coated pits–termed CCP lifetime–as it is internalized following agonist stimulation. 
However it is unknown whether this correlation is a common phenomenon across various 
receptors. The beta 2 adrenergic receptor (β2AR) is a prototypical GPCR which may be 
used to further investigate this relationship due to the well-characterized protein 
interactions controlling the rate of receptor internalization. For β2AR, CCP lifetime and 
ERK signaling are regulated by the binding of proteins containing a PDZ domain to a PDZ 
ligand motif located at the receptor’s distal C-terminus. Here we addressed whether 
distinct PDZ proteins mediate the two functions differently and whether these proteins play 
separable roles in the relationship between endocytic lifetimes and ERK activation. Using 
overexpression and shRNA-mediated knockdown of the PDZ domain-containing proteins 
NHERF1, MAGI3, and SNX27, we show that SNX27 is primarily responsible for regulating 
CCP lifetime, while MAGI3 regulates arrestin-mediated ERK activation. Separability of 
these two aspects for β2AR is in contrast to the direct correlation seen in other GPCRs 
indicating that, even within particular localizations, there are multiple mechanisms 
controlling phasic signaling among different GPCRs. 
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115 - SYNTHETIC CANNABINOID RECEPTOR AGONIST WIN 
55,212-2 INHIBITS PROTEIN EXPORT BY DISRUPTING 
STABILITY OF THE GOLGI APPARATUS 
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In recent years, the cannabinoid receptor-1 (CB1) has become an exciting therapeutic 
target due to its variety of clinical applications. However, cannabinoid compounds acting 
at CB1 have distinct profiles of therapeutic potential, and the mechanisms that facilitate 
these differential effects remain unknown.  The synthetic compound WIN 55,212-2 (WIN) 
is a CB1 agonist that is heavily associated with autophagy and inhibition of cell 
proliferation. In this study, we investigated the effects of WIN on CB1 trafficking and found 
that WIN disperses the intracellular localization of CB1 at the Golgi. Additionally, WIN 
treatment also disrupts stability of the Golgi in a dose-dependent manner. Cellular CB1 
expression levels influence the magnitude of Golgi disruption, but we did not observe this 
same effect after treatment with endogenous/endogenous-like cannabinoids. Upon 
pharmacological modulation of various cellular signaling pathways, we found that PKC 
inhibition prevented WIN’s effect, while PKC activation potentiated the disruption. This 
striking result has significant implication for understanding the biological effects of WIN 
administration (e.g. cell proliferation), as these effects could be attributed to Golgi 
disruption. Although there is great therapeutic potential for cannabinoid compounds, our 
findings emphasize that their mechanisms of action have yet to be fully characterized. 
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116 - Characterization of the metabotropic glutamate receptor 
conformational landscape 
 
Brandon W. Liauw1,2, Hamid S. Afsari1, Reza Vafabakhsh1 
1Department of Molecular Biosciences, 2Interdisciplinary Biological Sciences Program 
 
The ability to sense external stimuli and dynamically respond lies at the core of cellular 
homeostasis. G protein-coupled receptors (GPCRs) are the largest family of membrane 
proteins in humans and are key components of cellular signal processing. GPCRs are 
intrinsically allosteric proteins where ligand binding at the extracellular interface induces 
conformational changes that are then relayed to the intracellular G protein-coupling region 
of the receptor. Therefore, quantifying the conformational dynamics of GPCRs is essential 
for understanding their activation and modulation mechanism. Among all GPCRs, 
metabotropic glutamate receptors (mGluRs) are unique in that they form constitutive 
dimers and agonist binding is relayed over 120 Å to activate the receptors. Despite recent 
structures and microscopy studies, the conformational landscape of mGluRs is not fully 
mapped. 
  
Here we used a combination of single molecule Förster resonance energy transfer 
(smFRET) and live-cell imaging to map the conformational changes at different topological 
domains of mGluRs. Our results show that the cysteine-rich domain (CRD) and 
heptahelical domain (HD) of mGluRs, both downstream of the ligand binding domain 
(LBD), can occupy multiple distinct conformations that were previously unidentified.  Our 
assay also revealed the sequential and ordered transitions between these states. 
Interestingly, we observed the receptors stay highly dynamic in both inactive and fully 
liganded states. Our findings provides a dynamic framework for the activation process of 
mGluRs specifically and class C GPCRs in general. More broadly our findings supports 
the concept of loose coupling prevalent in the GPCR field by illustrating highly variable 
dynamic behavior among the LBD, CRD, and HD. 
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117 - Mechanism of Activation and Modulation of the Calcium-
Sensing Receptor Revealed by Single-Molecule FRET 
 
Michael Schamber1, Reza Vafabakhsh1 
1Northwestern University 
 
Membrane receptors transmit information across the cell membrane through transmission 
of ligand-induced conformational changes, but the mechanism of this dynamic allosteric 
process is poorly understood. The calcium-sensing receptor (CasR) is a class C G-protein 
coupled receptor (GPCR) that functions as an obligate dimer with a large ectodomain 
(ECD) comprised of the bi-lobed venus flytrap domain (VFD) and a structured cysteine-
rich domain (CRD) linking the VFD to the prototypical seven transmembrane (7TM) 
domain. In the canonical model of class C activation, ligand binding induces a local 
conformational change and global structural rearrangement of the ECD which is relayed 
over 12 nm to allosterically activate the G protein-binding interface. While, CasR signaling 
has been shown to depend on both calcium and amino acids, the molecular mechanism 
of activation and contribution of each ligand to the process is unclear. A critical limitation 
of current studies is that static structures are unable to show the dynamic process of 
conformational change and therefore, fail to capture intermediates critical for constructing 
a mechanistic model of CasR activation. The most direct way to answer these questions 
is to watch full-length CasR as it is undergoing activation in real-time.  
  
To do this, we have developed a single-molecule FRET (smFRET) assay to observe the 
conformation of CasR in the presence of different ligands. In stark contrast to what was 
observed for metabotropic glutamate receptors (mGluRs), we detected minor 
conformational change of the upper lobe of CasR VFD upon activation. Interestingly, our 
results showed Ca2+ and tryptophan stabilize the VFD to different degrees, with tryptophan 
being significantly more potent at stabilizing receptor dynamics. These results suggest a 
unique activation mechanism for CasR compared to other class C GPCRs. To gain 
insights into key structural components of this mechanism, we performed smFRET 
analysis and single cell signaling assays of CasR mutants, which showed how changes 
in dynamics fine-tune receptor sensitivity. These experiments provide a mechanistic 
framework through which different ligands modulate CasR conformation, dynamics, and 
function.  
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Arrestins are activated by their binding to activated and phosphorylated G protein-coupled 
receptor (GPCR). More than one hundred interaction partners of non-visual arrestins have 
been identified, including > 20 different protein kinases. Arrestins were shown to signal 
through the non-receptor tyrosine kinase Src, a member of Src family kinases (SFKs) and 
the first discovered proto-oncogene. SFKs are involved in the regulation of cell 
morphology, proliferation and survival, representing important pharmacological targets. 
SFK are divided into two groups (group 1: Src, Fyn, Yes and Fgr; group 2: Blk, Hck, Lyn 
and Lck) and are characterized by the presence of three conserved domains (Src 
homology 3 (SH3), SH2, and a kinase domain, sometimes called SH1). How arrestins 
interact with SFKs is unclear.  
  
Here we investigate the interaction of all SFKs with free arrestin-2 and -3 in a basal and 
pre-activated conformation. Sequence analysis suggested that the SH3 domain could 
bind to poly-proline motifs of arrestins. We performed pull down assays between SH3 
domains of the eight SFKs and either arrestin-2, which contains a single non-canonical 
SH3-binding motif, or arrestin-3, which contains two SH3-binding motifs, to assess 
differences in interaction between these two isoforms. To further validate this interaction, 
we used peptide array analysis to measure how these SH3 domains interacted with 
peptides derived from arrestin-3 and arrestin-2. In arrestin-2, a b-strand in the C-domain 
(residues: Y209-T226) as well as the hinge region S266-R286 bind strongly to most SH3 
domains. In arrestin-3 the proline-rich element in the N-domain (A87-L109) and the same 
b-strand in the C-domain (Y209-T226) both interact strongly. Additionally, we performed 
NMR titration of arrestins or arrestin-derived peptides with 15N labelled SH3 domains of 
each of these SFKs. This identified chemical shift perturbations and intensity changes in 
the RT-loop, b-strand-2 and -3 of the SH3 domains.  
  
Microscale thermophoresis with basal and pre-activated arrestin-3 identified that SFK SH3 
domains bind the pre-activated form with ~100-fold higher affinity, suggesting that SFKs 
likely interact with the activated form of arrestin in cells. To test this, we used pre-activated 
arrestin-3 in cell-based assays to characterize its impact on kinase activity in the presence 
of b2 adrenergic receptor. Taken together, these data identify a direct interaction between 
arrestins and SFKs - suggesting that arrestins modulate SFK activity. 
  
A detailed characterization of the interaction will contribute to the knowledge of signaling 
bias and the role of SFKs in arrestin-mediated GPCR signaling. 
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119 - Dynorphins stimulate distinct kappa opioid receptor 
trafficking and signaling 
 
Jennifer Kunselman1, Lakshmi Devi2, Manoj Puthenveedu1 
1University of Michigan, 2Icahn School of Medicine at Mount Sinai 
 
An extensive endogenous opioid network regulates opioid receptors to mediate diverse 
physiological effects including analgesia, anxiety, and euphoria. There are over twenty 
different endogenous opioids, which are classified intro three main peptide groups: 
endorphins, enkephalins, and dynorphins. How these endogenous opioids differentially 
regulate opioid receptors is still not fully understood. Dynorphins, which are produced from 
a single precursor peptide, selectively activate the kappa opioid receptor (KOR). However, 
how different dynorphin peptides regulate KOR function on a cellular level is unknown. 
Here we examine how different dynorphin peptides alter KOR intracellular trafficking, 
which may result in distinct downstream signaling. We used Total Internal Reflection 
Fluorescence Microscopy (TIR-FM) to visualize and quantify individual KOR exocytic 
recycling events in response to different dynorphin peptides in live cells. Our results show 
that activation of KOR by Dyn B significantly increased KOR recycling back to the cell 
surface, while Dyn A enhanced receptor degradation. Different dynorphins also stimulated 
preferential KOR sorting into specific intracellular compartments throughout the 
endolysosomal system, some which colocalize with a nanobody that recognizes an active 
conformation of the receptor. Together, these results indicate that different dynorphins 
may regulate distinct KOR trafficking and signaling profiles in a cell-autonomous manner.  
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The neurotensin type 1 and 2 receptors (NTS1 and NTS2) belong to the superfamily of 
G-protein-coupled receptors (GPCR), and, after binding their native ligand neurotensin, 
can induce various physiological effects such as analgesia, hypothermia and hypotension. 
Mechanistically, these diverse physiological responses suggest that several signaling 
pathways and cytosolic effectors could be involved.  
Previous studies conducted with lipopeptide conjugates (aka pepducins) that mimic the 
intracellular loops (ICLs) of NTS1 have shown that some of the receptor’s signaling 
pathways are favored or inhibited by stimulation with these compounds, demonstrating 
that ICLs play a role in the receptor’s interaction with the cytosolic effectors and in the 
modulation of its signaling pathways. In this study, we have designed cell-penetrating 
peptides (CPPs) derived from the ICLs of NTS1. CPPs are small peptides that can deliver 
attached cargos into the cytosol, and follow a similar arrangement to pepducins, carrying 
a structural motif that allows anchoring to the membrane then intracellular translocation.  
Here, the combination of CPPs and ICLs allows us to explore dissimilar combinations of 
peptide sequences with distinct physical and chemical properties, the use of reducible or 
non-reducible linkers that can be used as releasing systems, providing greater flexibility 
than the lipid portion of pepducins.  
Accordingly, the design, synthesis and study of these new compounds constitutes a novel 
and useful strategy to obtain insight on the influence of these intracellular domains on 
signaling pathways associated to NTS1, as well as the discovery of new drug candidates 
with pain relief properties. 
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Spectroscopic Study of an ensemble of States in the 
Adenosine A2A Receptor 
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1University of Toronto, 2University of California San Diego 
 
G protein-coupled receptors (GPCRs) control a multitude of signaling pathways and are 
among the most important drug targets in pharmacology. In response to a specific 
extracellular stimulus, a single GPCR may interact with multiple G-proteins, kinases, b-
arrestins, and other receptors, thereby initiating a wide range of signaling outputs. This 
promiscuous response is a consequence of a complex and flexible allosteric network, 
which governs protein interactions and signal bias. To understand this allosteric network 
in the adenosine A2A receptor (A2AR), we utilized 19F NMR and pulsed EPR (DEER) 
spectroscopy via site-directed labeling in order to evaluate the response of individual 
transmembrane helical domains, TM5, TM6, and TM7 to orthosteric ligand (inverse 
agonist, partial agonist, agonist) and G-protein or G-protein mimic. In cholesteryl 
hemisuccinate (CHS) and 2,2-didecylpropane-1,3-bis-β-D-maltopyranoside (LMNG) 
detergent micelles, one inactive and two active spectroscopic signatures are observed for 
TM6 while inactive and active signatures are also observed for TM5 and TM7, using both 
NMR and double electron–electron resonance (DEER) spectroscopy. While addition of 
partial agonist, agonist, and G-protein all result in a greater proportion of active signatures, 
the relative changes vary between TM5, TM6, and TM7. In contrast to crystal structures, 
the receptor clearly adopts a range of functional states, constituting the ensemble, where 
specific conformers in a given TM helix can be stabilized in presence of different ligands 
and binding partners capable of modulating the allosteric networks. 
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Molecular signatures for GPCR activation have been well characterized due to the 
proliferation of structural models across GPCR sub-classes and have been extended in 
recent years to the interaction surface between receptor and cognate G-protein through 
advances in Cryo-EM spectroscopy. A number of conserved motifs acting as putative 
micro-switches have been identified in the GPCR scaffold and collectively form an 
allosteric network bridging conformational changes within the orthosteric pocket into 
subtle changes at the G-protein interaction surface. Functional dynamics within this 
allosteric network represents a new frontier towards understanding the GPCR-G-protein 
activation process and is of key interest to our lab. We have begun to explore this network 
with the use of fluorinated probes in key molecular switch regions in both the dopamine 
receptor and Gαi G-protein subtype. A computationally thermostabilized dopamine 
receptor variant was recombinantly expressed in Pichia pastoris and reconstituted in 
L-MNG detergent micelles followed by introduction of a fluorinated probe on the 
intracellular end of transmembrane helix 6 via cysteine mutation. Additionally, Gαi was 
recombinantly expressed in E. coli using minimal media substituted with 5-fluoroindole. A 
key tryptophan residue in the Ras-domain has been historically used for measurement of 
nucleotide exchange via intrinsic tryptophan fluorescence and incorporation of fluorinated 
tryptophan has enabled replication of these experiments at equilibrium. Fluorine NMR 
spectra are presented demonstrating nucleotide exchange at the Ras-domain and in 
conjunction with fluorinated dopamine receptor. Additionally, spectra are also presented 
for labeled dopamine receptor and suggest the existence of conformational ensemble of 
which, upon ligand binding, specific conformers are promoted. Our results suggest the 
development of a powerful new platform whereby GPCR activation dynamics can be 
reconciled with G-protein activation and nucleotide turnover in a single experiment at 
equilibrium. 
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123 - Detection of allostery with rigidity propagation across 
GPCR networks 
 
Adnan Sljoka1,2 
1RIKEN Center for Advanced Intelligence Project, 2University of Toronto 
 
Regulation of protein function with allostery is of particular interest for GPCRs because 
GPCR dynamics and activation is dependent on long range signalling via transmembrane 
region. We have developed a rigidity-transmission allostery (RTA) algorithm (Science 
2017, Nature Comm. 2018), a computational method based on mathematical rigidity 
theory and applied it on numerous GPCR crystal structures. We model the GPCR as a 
constraint network consisting of nodes (atoms) and edges (i.e., constraints such as 
covalent bonds, electrostatic interactions, hydrogen bonds, and hydrophobic contacts). 
RTA algorithm provides a mechanical interpretation of allosteric signalling and is designed 
to predict if perturbation of rigidity at one site of the protein can propagate across a 
network and in turn cause a change in conformational degrees of freedom at a second 
distant site, resulting in allosteric transmission. Starting with a set of known GPCR 3-
dimensional crystal structures (A2A-adenosine receptor, CC chemokine receptor 2, beta1, 
beta2 AR, M2 muscaranic, k-opioid receptor) we have applied the RTA method to detect 
how various ligands at either orthosteric site or extracellular loops trigger small rigidity 
changes which propagate to the critical G-protein binding regions, and in turn cause a 
rearrangement and alteration of the shape of the cytoplasmic binding region. As our 
method is computationally very fast, we can also rapidly identify potential new allosteric 
sites and quantify their allosteric response. We will also present the prediction of the 
allosteric pathways crucial for signal transmission and comparisons across different 
receptors. 
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modulate Aβ production 
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GPR3, a constitutively active orphan GPCR, is involved in Alzheimer disease (AD) 
progression by regulating the activity of the γ-secretase complex and by interacting with 
the β-amyloid peptide (Aβ) precursor APP, which will consequently affect levels of Aβ, the 
main component of amyloid plaques found in the brain of AD patients. Interestingly, one 
percent of the world’s population has a single nucleotide polymorphism for GPR3, 
rs734852, an Arg to His mutation of residue 222 in the third intracellular loop of GPR3. To 
compare the properties of GPR3 and GPR3(R222H), we investigated their trafficking, their 
interaction with APP and their effects on production of Aβ. In HEK293 cells, both GPR 
and GPR3(R222H) were detected at similar levels on the plasma membrane. Using a 
BRET (Bioluminescence Resonance Energy Transfer) biosensor (Exchange protein 
directly activated by cAMP, EPAC) we found that both receptors constitutive activity led 
to the production of the same levels of cAMP. Interestingly, using confocal microscopy, 
both proteins did not recruit β-arrestins but were internalized in a constitutive manner. 
Next, we investigated the extent of the interaction of GPR3 or GPR3(R222H) with three 
APP isoforms: APP695, APP751 and APP770. Using BRET in HEK293 cells we 
expressed GFP10-tagged GPR3 or GPR3(R222H) and RLucII-tagged APP isoforms and 
found that GPR3 interacts with the three APP isoforms but GPR3(R222H) did not. This 
was confirmed by measuring Aβ levels. Indeed, GPR3 expression in HEK293 cells led to 
higher levels of Aβ peptides Aβ40 and Aβ42 whereas GPR3(R222H) prevented 
accumulation of these peptides. Therefore, our results suggest a protective role of 
GPR3(R222H) in AD. In a genome wide association study (GWAS) it would be of great 
interest to compare the susceptibility to AD of individuals having this polymorphism to 
those who do not. Finally, because of GPR3’s capacity at elevating production of Aβ, 
development of inverse agonists targeting this receptor could be an attractive strategy for 
AD. This work was funded by the Alzheimer’s society of Canada. 
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Melanocortin type 4 receptor (MC4R) is a G-protein coupled receptor (GPCR) expressed 
mainly in the paraventricular nucleus of the hypothalamus that is involved in energy 
homeostasis. Stimulation of MC4R triggers anorexigenic responses, and thus increases 
energy expenditure and decreases appetite. Individuals bearing MC4R loss-of-function 
mutations display hyperphagia and develop severe early-onset obesity. The majority of 
those mutated receptors are misfolded and then retained in the ER or Golgi by the quality 
control system. Pharmacological chaperones are small membrane-permeable chemical 
molecules that promote proper folding of specific proteins of interest, and thus can allow 
proper targeting of GPCR to the plasma membrane. Since the quality control system of 
the cell is based on structural criteria instead of functional criteria, we hypothesize that 
rescue of the cell-surface expression of some of those mutants can restore their function. 
Our goal is to develop MC4R pharmacological chaperones that would promote agonist-
induced activation toward signalling pathways important to weight loss in order to improve 
treatment efficiency and to reduce adverse effects. Here, we report, using 2 independent 
sets of BRET-based assays screening for activation of all Gα, that stimulation of the wild-
type (WT) MC4R with endogenous agonists α-MSH and β-MSH, as well as synthetic 
super-agonist NDP-αMSH, can strongly activate Gαs, Gα15 and Gαz, and weakly activate 
GαoB, whereas no activation of Gα12/13 or other members of Gαq and Gαi/o families was 
detectable. The WT MC4R can also engage β-arrestins.  Gαs and Gα15 were activated 
with similar potencies by each of the agonists, whereas the ligands have  10 and 100 fold 
lower potencies to activate Gαz and promote β-arrestin2 recruitment respectively. We 
tested a MC4R-selective pharmacological chaperone (UM0866) on cell-surface 
expression and function for different components of the 4 main signalling pathways of the 
intracellularly retained MC4R(R165W) variant. UM0866 can strongly restore defective 
expression, as well as Gαs and Gα15 signalling function of MC4R(R165W), whereas 
rescue effects on Gαz and β-arrestin2 signalling are weaker. Interestingly, treatment of 
UM0866 has varied impact on the rescue of cell-surface expression and signalling 
function of different variants identified in a cohort of more than 4000 obese patients from 
Quebec. 
  



 181 

126 - Gq coupled GPCRs affect Transient Receptor Potential 
cation channels 
 
Cécile Pétigny1,2, Audrey Collette1,2, Brian Holleran1,2, Élie Besserer-Offroy3, Antoine 
Désilets1,2, Richard Leduc1,2 

 
1Faculté de Médecine et des Sciences de la Santé, Département de Pharmacologie, 
Université de Sherbrooke, 2IPS - Université de Sherbrooke, 3Université McGill 
 
TRPs (Transient Receptor Potential) ion channels are membrane proteins that modulate 
ion entry into the cell and are found as signalling complexes. Reports have shown the 
existence of a GPCR-TRP axis but the mechanism leading to cell signalling remains 
unclear. We focused on a subfamily of TRPs, TRPCs (TRP Canonical), composed of six 
distinct proteins (TRPC1, 3, 4, 5, 6, 7) that form ion channels by assembling as homo- 
and/or hetero-tetramers. Because of a reported effect on cathecolamine secretion by a 
TRPC3/angiotensin type I receptor (AT1R)/β-arrestin complex, we believed that 
developing BRET-based TRPCs biosensors would help us better understand GPCR 
signalling events and the mechanisms by which calcium signalling is mediated. We fused 
GFP10 and RLucII, on the N-terminal and C-terminal ends (both cytoplasmic) respectively 
of TRPC6 and characterized this biosensor in HEK293 cells co-transfected with various 
GPCRs. We found that stimulation of AT1R with angiotensin II (AngII) and other Gq-
coupled GPCRs promoted a decrease of an intramolecular BRET signal. This signal was 
lost upon treatment with the Gq inhibitor UBO-QIC and was not detected when GPCRs 
coupled to other G proteins were assayed. Furthermore, our results indicate that changes 
in BRET ratio resulted not only from intramolecular changes within a single subunit of 
TRPC forming a tetramer, but also from intermolecular interactions between different 
TRPC subunits of the tetramer. These results validate our approach based on the use of 
BRET biosensors to study signalling events occuring between GPCRs and TRPCs and 
will permit us to better understand the link between GPCR activation and TRP function. 
This work was partly funded by a MITACS grant.  
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With the implementation of Cannabis legalization in Canada, the Government has 
adopted a normative framework to protect the population from harm. This framework 
focuses on THC contents and THC/CBD ratios as a risk prevention strategy, which may 
not adequately represent the intricacies of Cannabis pharmacology.  
Strains of Cannabis can contain more than 100 cannabinoids, many of which have 
biological activity yet to be elucidated.  This diversity is compounded by the interplay these 
cannabinoids may have with each other, and on the multiplicity of endogenous targets for 
phytocannabinoids.  
To begin addressing this diversity and to explore whether the THC:CBD ratio model is 
sufficiently descriptive of Cannabis pharmacology, we monitored CB1 and CB2 receptor 
signaling following activation by: a) endogenous (2-Arachidonoylglycerol, 
Methanandamide), b) synthetic (Win-55,212-2, (WIN)), c) pure phytocannabinoids: Δ9-
Tetrahydrocannabinol (THC), Cannabidiol (CBD), Cannabinol (CBN), d) different  ratios 
of pure THC/CBD (10:1; 10:10, 1:10), and e) 3 purified cannabis extracts. In particular, 
we used BRET biosensors that allowed us to measure Gai/o protein activation, modulation 
of Kir3 channels and barr1/2 recruitment.   
We obtained concentration response curves (CRCs) for each of these biosensors for all 
treatments, and used these CRCs to determine pharmacodynamic parameters that were 
then used to generate signalling profiles for the different treatment conditions. We found 
that the signaling profiles for phyto-cannabinoids differed considerably from the 
endogenous ligands. THC, mixed THC/CBD, and the extracts exhibited partial efficacy 
both at CB1 and CB2. Pure CBD and CBN also exhibited overall low efficacy as compared 
to the endogenous and synthetic ligands.  However, perhaps most important, we found 
that signaling profiles of different extracts were not congruent with those of corresponding 
mixtures of pure THC/CBD. These observations not only indicate the influence of “minor 
cannabinoids” on the effects of THC and CBD present in the extract but also confirm that 
regulations established solely on the content of THC and CBD are reductive. Based on 
the results obtained, regulatory measures to protect the population from harm should be 
based on biological activity measures and not solely on THC/CBD content. 
These observations imply the need of bioactivity measures to describe public commercial 
offering as some combinations of natural cannabinoids could prove more efficacious than 
the sum of their individual components. 
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Alzheimer’s disease (AD) is a chronic neurodegenerative disease, associated with 
memory loss and cognitive deficit. Previously, we showed that using the selective negative 
allosteric modulator (NAM) CTEP in APPswe/PS1ΔE9 (APPswe) male mice to inhibit 
mGluR5 signaling rescue cognitive function; however, CTEP treatment did not improve 
the cognitive function in APPswe female mice. Additionally, we showed that the cell 
surface expression of mGluR5 was significantly reduced in female APPswe relative to the 
female wild type and the male APPswe mice. It is evident that sex-specific genetic and 
hormonal factors contribute the variation in the outcomes of treatment.  
Here, four-month-old female APPswe and wild type mice were divided into two main 
groups and subcutaneously-treated with vehicle or Fulvestrant (ICI 182,780), estrogen 
receptor antagonist, every day (100ug/day) for 8 weeks. All groups were assessed after 
treatment for changes in mGluR5 total expression as well as the plasma membrane 
expression level of mGluR5 and for other biochemical parameters. ICI 182,780-treated 4-
month-old APPswe female mice significantly augmented the cell surface expression of 
mGluR5 without a change in the total expression of mGluR5. However, no other changes 
were observed on the other biochemical parameters tested. Our findings suggest that 
there is a sex-specific difference in the brain network of AD patients that should be taken 
into account to find a potential sex-specific therapeutic intervention that will address the 
unique facets of AD between male and female.  
Alzheimer’s disease (AD) is a chronic neurodegenerative disease, associated with 
memory loss and cognitive deficit. Previously, we showed that using the selective negative 
allosteric modulator (NAM) CTEP in APPswe/PS1ΔE9 (APPswe) male mice to inhibit 
mGluR5 signaling rescue cognitive function; however, CTEP treatment did not improve 
the cognitive function in APPswe female mice. Additionally, we showed that the cell 
surface expression of mGluR5 was significantly reduced in female APPswe relative to the 
female wild type and the male APPswe mice. It is evident that sex-specific genetic and 
hormonal factors contribute the variation in the outcomes of treatment.  
Here, four-month-old female APPswe and wild type mice were divided into two main 
groups and subcutaneously-treated with vehicle or Fulvestrant (ICI 182,780), estrogen 
receptor antagonist, every day (100ug/day) for 8 weeks. All groups were assessed after 
treatment for changes in mGluR5 total expression as well as the plasma membrane 
expression level of mGluR5 and for other biochemical parameters. ICI 182,780-treated 4-
month-old APPswe female mice significantly augmented the cell surface expression of 
mGluR5 without a change in the total expression of mGluR5. However, no other changes 
were observed on the other biochemical parameters tested. Our findings suggest that 
there is a sex-specific difference in the brain network of AD patients that should be taken 
into account to find a potential sex-specific therapeutic intervention that will address the 
unique facets of AD between male and female.  
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