Structural analysis and Nanobody development on the relaxin receptor, RXFP1.
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Introduction. Drugs targeting RXFP1, the G protein-coupled receptor (GPCR) for the peptide hormone relaxin are being developed by multiple pharmaceutical companies for the treatment of heart failure. However, structural details of the interaction of relaxin and other agonists with RXFP1 and the mechanism of receptor activation are still lacking. Such information is essential to fully inform the clinical outcomes from the various RXFP1 agonists, especially small molecule agonists and peptidomimetic which have unique modes of RXFP1 interaction. Furthermore, there are limited tools available to study RXFP1 function including specific antibodies or RXFP1 antagonists. 
Aims. The aim of this study was to utilize an engineered RXFP1 receptor (RXFP1#35) which has enhanced cellular expression to solve RXFP1 structures and to immunize Alpacas for the development of specific Nanobodies. 
Methods. RXFP1#35 was produced in high purity and yield from mammalian cells and reconstituted into detergent micelles for Alpaca immunization or peptidiscs for structure determination via cryo-EM. A Nanobody library was produced from the immunized Alpaca and panned for RXFP1 binders using fluorescence-activated cell sorting (FACS). 
Results. We have solved a cryo-EM structure of RXFP1 in the absence of ligand (Apo-RXFP1) with good overall resolution (~3Å) including the leucine rich-repeat domains of the ectodomain the site of ligand binding. Importantly, this is one of the first GPCR structures without ligand/G-protein/antibody or other fiducial markers. We also have preliminary structures of relaxin bound to an RXFP1-mini GαS fusion complexed with Gβϒ. Alpaca immunization with RXFP1 protein resulted in a good immune response in a post-immunisation serum test on RXFP1-expressing cells. Panning of the Nanobody library with RXFP1 protein by FACS enriched a population of anti-RXFP1 Nanobodies. Functional screening of purified antibodies has identified agonistic Nanobodies. 
Discussion. Our engineered RXFP1 protein has facilitated RXFP1 structural analysis and anti-RXFP1 nanobody production. The RXFP1 structures will provide molecular detail of apo-, inactive- and active-state structures of relaxin, peptidomimetic and small molecule bound RXFP1 complexes which will inform clinical outcomes from these drugs. Anti-RXFP1 Nanobodies will be valuable research tools for receptor localization or potential drug leads. 
