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    ABSTRACT
G-protein coupled receptors (GPCRs) are the largest human receptor family and involved in virtually every physiological process. One hallmark of GPCR function is the specific coupling of activated receptors to selected downstream signaling pathways. The ability to tune this coupling would permit the development of receptors with new capabilities. GPCRs and G-proteins have been recently resolved structurally at high resolution, but this information was in only very few cases harnessed for a rational engineering of these protein complexes. Here, we demonstrate the structure-guided optimization of coupling in chimeric light-activated GPCRs (OptoXRs). Our hypothesis was that the incorporation of structural GPCR-Gα contacts will lead to improved receptor activity. We first evaluated structure-based alignments as complements to existing sequence-based methods for generation of chimeric receptors. We then show in a prototypical light-activated β2AR that inclusion of α-helical residues forming structural contacts to Gα resulted in receptors with 7- to 20-fold increased function compared to other design strategies. In turn, elimination of GPCR-Gα contacts diminished function. Finally, the efficient receptor design served as a platform for the optimization of a further light-activated receptor and spectral tuning of the photoreceptor core domain. Our work exemplifies how increased OptoXR potency and new functionalities can be achieved through structure-based design towards targeted inputs into cells and cellular networks.
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