
1Research Group of Organic Chemistry, Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium.
2Institut des Biomolécules Max Mousseron IBMM, UMR-5247, Université de Montpellier, CNRS, ENSCM, Montpellier, France.

INTRODUCTION
G protein-coupled receptors (GPCRs) represent an important family of membrane
receptors that play a central role in modern medicine. Unfortunately, it is quite challenging
to gain insights into the structure and functioning of GPCRs due to their intrinsic dynamics
and high instability when extracted from the cell membrane.

In past years, Nanobodies (Nbs) were discovered to lock GPCRs in active signaling states
and these have been recognized to be of extreme value in the search of specific orthosteric
GPCR agonist ligands.1 However, to overcome the limitations associated to Nbs, in terms of
development costs for the discovery and purification, a set of peptidomimetics stabilizing
the active state conformation of G protein-coupled receptors, was developed.2,3 Herein, a
peptide mimicry approach was used to mimic the G protein, an endogenous allosteric
modulator of GPCRs, by synthesizing rigidified variants of the helical C-terminal Gα protein
epitope (α5 helix), which interacts with the GPCR.4

α5 helix

- Highly conserved
- Major interaction with GPCR

→ Key epitope for (generic) Gs

mimetics

Cyclization (‘stapling’)

N-terminus modification
-> To improve solubility

C-terminus modification
-> To improve affinity for receptor
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The peptidomimetics were prepared by means of Fmoc-based solid
phase peptide synthesis (SPPS) and the α-helical conformation was
stabilized using ‘stapling’ strategies. Based on the X-ray crystal structure
of the β2AR in complex with the Gs protein, point mutations were
introduced at the C-terminus.5

Radioligand displacement assay (RLA) on β2AR

Optimization cycles of peptidomimetics were guided by
radioligand binding assays, that quantify the stabilization of
the receptor in active conformation.
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Proof-of-concept: Gs peptidomimetics

- Stabilize active state of GPCR

- Generic toolset for Gs-coupled receptors

✓ Validation on Dopamine 1 receptor (D1R)

- Identification of agonist-like fragments by fragment-based
screening

Same methodology used to develop Gq peptidomimetics
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DESIGN OF Gs PROTEIN PEPTIDOMIMETICS  
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Point mutation
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EXPLORE OTHER G PROTEIN FAMILIES

SBL-CM-51 (Gs peptide)
Ac-KKKFNc[PraCRDAzk]IQRMHLRQYEChaL-OH

Insert best modifications of Gs peptide into (mini-)Gq/11 peptides9,10

SBL-GQ-05 Ac-KKKFAc[PraVKDAzk]ILQLNLKEYNLV-OH

SBL-GQ-06 Ac-KKKFAc[PraVKDAzk]ILQNLKEYNChaV-OH

Gq/11
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Bimane fluorescence assay

FRET-based assay

BODIPY-GTPγS assay

Measure direct binding to receptor

Investigate competition with Gq protein (measure GTP uptake)Detect conformational changes associated with receptor activation 

M1R

Gαs Gα11

β2AR H1R 5-HT2AR

Gαq Mini-Gq
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Crystal structure GPCR-Gs Cryo-EM structure GPCR-Gq/11

(RCM: ring-closing metathesis; CuAAC: copper-catalyzed azide-alkyne cycloaddition)

Ac-FNc[PraCRDAzk]IQRMHLRQYELL-OH Ac-KKKFNc[PraCRDAzk]IQRMHLRQYEChaL-OH

Ac-FNDCRDIIQRMHLRQYELL-OH

(Azk: Azidolysine; Cha: Cyclohexylalanine; Pra: Propargylglycine)
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• SBL-GQ-05 compete with receptor-catalyzed G
protein activation
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• Increase in maximum emission
wavelength with stapled Gq peptides

SBL-GQ-11 Ac-KKKFNc[PraCKDAzk]ILQMNLREYNLV-OH

SBL-GQ-12 Ac-KKKFNc[PraCKDAzk]ILQMNLREYNChaV-OH

Receptor activation: GDP-to-GTP exchange

Mini-Gq

Linear peptide Linear peptide

• Explore other G protein epitopes (Gi/o, G12/13)
-> Drug discovery

-> Further unveil GPCR:G protein coupling

• Investigate cell permeability of the G protein peptidomimetics

• No change with linear Gq peptides

-> Staple required to affect 
receptor conformation

-> Specificity of the constrained C-
terminal helix of Gαq

• Linear Gq peptide and stapled  Gs peptide do
not affect GTPγS binding

• FRET signal increased in presence
of full and partial agonist

• FRET signal completely abolished in
presence of inverse agonist

• FRET signal not affected by neutral
antagonist
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