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Introduction

Soluble GIPR Binding is Specific to its 
Natural Ligand and Therapeutic Drugs

CTR Solubilization Validated by Salmon 
Calcitonin Binding

Engineered Epitopes Prime Mouse 
Immunizations for an Epitope-Focused 

Response before cell injections

Challenge: Design Soluble GIPR that 
Specifically Binds GIP and not GLP-1

Case Study #2 : Soluble GPR75 design
GPR75 is a Genetically Validated Obesity Target

Anti-Myostatin x Activin A Bispecific Antibody

G protein–coupled receptors (GPCRs) are 
challenging antibody targets because they are 
unstable outside the membrane. We use machine 
learning to design soluble GPCR surrogates that 
express in human cells, retain native-like 
conformation, and bind their native ligands. These 
engineered antigens are structurally validated and 
support rapid antibody discovery. We present 
multiple case studies leading to the discovery of 
antibody–peptide fusions that enable selective 
GPCR agonism.

Case Study #1: Soluble GIPR design
GIPR is a target of Weight Loss Drug Zepbound® 
(Tirzepatide)

GIPR is Solubilized by Reengineering the 
Transmembrane Domain

Véniant et al., Nature Metabolism 6 (2024)

üNative-like representation of 

extracellular region

üWater solubility

üHigh Stability

üHigh Expression

üPTMs by expression in human cells

TMD ECD ECD + TMD

KD = 74 nM*

*Avidity binding kinetics to GIP

Both Extracellular (ECD) and 
Transmembrane Domains (TMD) are 

Required for GIP Binding

Retatrutide - Triple agonist
KD = 22 nM

GLP1 – Negative Control

KD = 46 nM
Zepbound® - Dual agonist

GIP – Natural Ligand
KD = 74 nM

§ Soluble GIPR expressed as Fc fusion

§ 2D class averages in agreement with soluble transmembrane design

§ Extracellular domain not resolved

§ Flexibility observed at the Fc hinge region

Negative Stain Electron Microscopy Supports Soluble 
Transmembrane Design

• No experimental structures available at the time of this study
• 20-HETE binds the transmembrane domain
• CCL5 binds extracellularly, but the binding site is unknown

Soluble GPCR Designed from Sequence Alone
N-terminus

Soluble GPCR designs generated from 
sequence information alone

Removal of ~250 residue intracellular 
domain

12 designs expressed and purified to test 
for binding to CCL5

Solubilized GPR75 Binds CCL5 and Commercial 
Antibody

Anti-GPR75 ELISA

Anti-GPR75 (nM)

Design 3

Buffer

Design 12

Design 9

Design 8

Design 5

Case Study #3 : Amylin Receptor Selectivity
A Complementary Pathway to GLP-1–Based Obesity Treatments
Selective Amylin Receptor Agonists (SARA) may more precisely 
target obesity intervention than Dual Amylin and Calcitonin 
Receptor Agonists (DACRA).

Individual Epitopes

CTR-RAMP 
Junction

Soluble CTR

membrane

Amylin Receptor

Amylin Junctional Epitope Design 
Validated by Anti-CTR Antibody

Soluble TMD Native ECD ECD + TMD

KD = 500 nM* KD = 20 nM*

*Avidity binding kinetics to salmon Calcitonin

CTR ECD RAMP Amylin ECD
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Pre-bleed sample before immunization.
Test-bleed sample after immunization with nanoparticle-
displayed engineered RAMP3.

Test-bleed sample after immunization with nanoparticle-
displayed engineered RAMP3, RAMP3 Full-Length Protein, 
and Cells expressing AMYR3. 

Engineered Epitopes Enabled Discovery of 
Cell Binders with Distinct Specificity Profiles
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Design Challenges 

Full Spectrum of Amylin Receptor Epitopes Designed 
for In vivo/In vitro selection
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