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GPCR-MEDIATED SIBNALING

CPCR BRET

G-protein-coupled receptors (GPCRs) are widely
expressed cell-surface receptors that play central

roles in cellular signaling. can be observed through BRET.

They respond to different type of stimuli;
* Hormonal

* Peptidic

* Small molecules (smells and tastes)

* neurotransmitters (see methods)

Upon ligand binding they:

* Change conformation

* Activate heteromeric G-proteins (Ga, Gf3, and Gy)
* The G-proteins activate downstream effectors that can reflect light.

Biosensors use:

The downstream effectors can activate or shut
down pathways in the cell, and these interactions

Bioluminescene Resonance Energy Transfer is a
technique that allows to track protein-protein
interactions with biosensors, engineered proteins

that allow us to track interactions within 10 nm. UT (Uro]'ensm [‘ece])]'()[‘)

* Luciferase, a light emitting enzyme acceptor donor
* Green Fluorescent protein, an excitable protein emission emission

M2 (MUSCArinIC acETYLCHOLINE reCEPTOr 2)

We sought to characterize the classical Gi-mediated regulation of cAMP signaling and to
examine the interplay between the Gy dimer and potassium channel tetramerization
domain-containing (KCTD) proteins, which promote Gy degradation and modulate GPCR
signaling. These mechanisms are especially relevant in cardiac tissues, where M2 receptors
are highly expressed and play a key role to parasympathetic regulation of heart function.

We aimed to characterize the differences between the rat UT and the human UT. The
urotensinergic system is implicated in cardiovascular and inflammatory diseases. UT
antagonists that were promising in preclinical studies (rodents) later failed in clinical trials
(humans). This deeper insight may help explain the gap between preclinical and clinical
outcomes and support the development of more effective antagonists.

MUSCArinIC aCeTYLCHOLINE recepTor 2 (M2)

M2 MUSCAriniC RECEPTOr-MEDIATED SIeNALING

* M2 receptor (M2R) is a G protein-coupled receptor expressed in cardiac tissue that primarily couples to Gai proteins

e Activated Gai inhibits adenylyl cyclase, leading to reduced cAMP levels and decreased PKA activity, which modulates the
phosphorylation state of cardiac ion channels and influences heart rate and contractility.

* KCTD protein bind GBY subunits and target them for proteasomal degradation.

HYPOTHESIS - Structure of the pentameric KCTD5/CUL3NTD/GBy complex
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GBy subunits can independently regulate downstream effectors such as adenylyl
cyclase and ion channels, providing an additional layer of signaling control.

KCTD5 binds these free GBy subunits and, through its CUL3 ubiquitin ligase domain,
targets them for proteasomal degradation, limiting their independent signaling.

Characterizing this axis will reveal how Gy availability and degradation by

Nguyen, D. M., et al. (2024) KCTD5 modulate downstream signaling dynamics and overall pathway activity.
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My goal is to determine how do the cAMP levels change when the GBy dimers are upregulated.
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UroTensin recepTor (UT)

THE UrQTENSINErGIC SYSTEM

* Receptors expressed in the human cardiovascular system and nervous system, Fig.1 shows the relevant cellular pathways. ()

* Potent vasoconstrictor in smooth muscle, vasodilating in endothelium @), pro-inflammatory and chemokine features ()
* Urotensin Il (Ull) and Urotensin related peptide (URP, Fig.2) are elevated in patients with chronic kidney disease and cardiovascular

disease, as well as numerous other metabolic diseases (7
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Figure 1. Major pathways activated by UT Created in BioRender.com bio

UT anTasonIsTs as a THErapeuTIC

* Inhibition of hUT inhibits inflammation, showing promise to impede cardiovascular disease developement®

* Antagonists have been successful in rodent models in preclinical trials, yet failed in clinical trials in human. )

HYPOTHESIS

Clinical trial failure is due to interspecies differences between humans and rodents receptors and endogenous ligands(®)
characterizing their individual response will allow us to design better antagonists.

* PHYSIOLOGICAL DIFFERENCE: Rats show lower levels of circulating Ull than humans )

« RECEPTOR DIFFERENCES: only 75% homology between human (hUT) and rat receptors (rUT)® (Table.1)

« ENDOGENOUS LIGAND DIFFERENCES: rat Ull (rUll) has 14 residues, compared to 11 residues in humans (hUl11)®),

recepTor UIT PEPTIDIC SEQUENCE
UT 386 IESIDUES
C-TerMINaL PaLMITouLaTION <BLN-HIS-LYS-8LN-BLY-dLa-aLa-Pro-6LU-CYS-PUE-TIP-LYS-TYr-CYS-ILE-0H
HUT 389 T€SIDUES H-GLU-THI-Pr0-ASP-CYS-PHE-TIP-LYS_TYr-CYS-VaL-O

Table 1. Interspecies differences between rat and human receptors and Ull peptidic sequence ©)
PKC (N=3) PKN1 (N=3)
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Figure 4. Agonist Dose-Response Curves using PKC and PKN1, (N=3). There is a significant difference between rUT and hUT in Emax (0.07-0.09
respectively). With PKN1, there is a significant difference in the Emax of the dose response curve (rUT; 0.042, hUT 0.073).

DﬂMOﬂSTFﬂTIOﬂ OF BIaSED agonisM BETWEEN raT reCEPTOr (FUT) and HuMan recepTor (UT)

To explore biased agonism, we chose Protein Kinase C (PKC), activated through Gaqg/11, and PKN1, activated through Gal12/13,
visible in Figure 1.

* There is a significant difference in PKC and PKN1 dynamics in both rUT and hUT (p-value = 0.0001). This, coupled with interspecies
physiological prevalence infers at biased agonism.

* More research with different biosensors would allow a more complete characterization of rUT and hUT response to agonist and
antagonist ligands.

* This renews the interest of antagonist drug development.

METHODS

\ + Lipofectamine
2000

HEK 293 Transient Cell Transfection

Cells Receptors and Biosensors Drug Treatment

Agonist Response

100 —

R-Luciferase rGFP
+ Coenleterazine (green fluorescent protein)
Donor Acceptor

M /\ »

395 510

~
&)
J

Percent maximum (%)
N wn
w o
| |

o
|

| | | | |
10 10°  10°® 107 10%

Bioluminescence Resonance Concentration (W)
Energy Transfer (BRET) Dose-Response Curves

[CFETENCES

GPCR

AKNOWLEDBEMENTS

Hebert's Lab: Terry Hébert PhD, Phan Trieu BSc,Dominic Devost PhD, Darlaine Pétrin, MsC, Hanan

Mohammad PhD(c), Giada Castagnola PhD(c), Robert Rizk PhD(c), Deanna Sosnowski PhD(c), Aneesah
Jabar PhD(c), Leyla Erden MSc(c), Sana Qayum PhD(c), Dulce Carillo Valenzuela PhD(c), Diego Loggia
PhD(c), Rasha Mghabghab PhD(c), Massimo Sisto MSc(c), Mikayla Pinto MSc(c).

Telescope Thera peutics: Jana Schittpelz, PhD, Jiajia Lu, MSc., Benjomin Vonniessen, MSc,
Sultan Mayar PhD.




	Diapositive 1 BRET-Based Analysis of G-Protein coupled receptor (GPCR) Signaling Nihal Hamza (M2), Candide Bazinet (UT), Robert Rizk, PhD(c), Jiajia Lu, MSc, Jana Schüttpelz PhD, Terry Hébert PhD

