Applying Artificial Intelligence to develop high-affinity antagonists of the relaxin receptor, RXFP1.
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Introduction. Within the past three years, machine-learning-based artificial intelligence (AI) tools capable of accurately designing new-to-nature proteins with high affinity for protein targets, including RFDiffusion, ProteinMPNN, and BindCraft, have been developed.  These binders are small (5-15 kDa), single-domain proteins, with an affinity for their target comparable to antibodies and impressive stability and protease resistance. 
Aims. We have utilized this technology to design and test protein binders to the relaxin receptor, RXFP1. High affinity full antagonists of this novel G protein-coupled receptor, and important target for the treatment of heart failure, are not currently available.
Methods. Both RFDiffusion/ProteinMPNN and Bindcraft were utilized to design novel binders to the RXFP1 ectodomain. Binder design was rationalized based on the known binding mode of the native ligand H2 relaxin to RXFP1 and our unpublished cryo-EM structural information on the RXFP1 ectodomain. 48 and 96 potential binders from RFDiffusion and Bindcraft, respectively, were cloned into bacterial expression plasmids for small-scale expression and His-tag mediated purification. Binding and signalling were tested in validated assays in RXFP1 expressing cells. 
Results. Putative binders were expressed in high yield and partially purified for initial screening based on RXFP1 competition binding assays using Europium-labelled H2 relaxin. Screening identified a successful binding hit rate of 60% for Bindcraft and 40% for RFDiffusion. Binders showed no agonist activity but were able to antagonise H2 relaxin mediated cAMP activation in HEK cells expressing RXFP1. The top 4 hits from both methods were produced in higher yield and purified to homogeneity using FPLC. Detailed functional testing demonstrated nanomolar binding affinity for RXFP1 and potent full antagonist activity. The best binders had affinities similar to H2 relaxin (~1 nM). 
Discussion. Both RFDiffusion and Bindcraft were successfully used to develop nanomolar affinity RXFP1 binders which are the first ever full antagonists of RXFP1. These studies highlight the potential utility of these methods for designing high-affinity binders for GPCRs. Importantly, binder generation is rapid and cost-effective, producing high-affinity binders in weeks, significantly faster and cheaper than antibody or nanobody technologies. 
