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Introduction. G protein-coupled receptors (GPCRs) initiate unique cell responses dependent on their sub-cellular location. Major advances in our understanding of sub-cellular GPCR signalling have been driven by experimental approaches such as inhibiting receptor trafficking, blocking signals at specific intracellular sites, or comparing receptor signalling in response to ligands with differing membrane permeability (Calebiro et al. 2009; Jensen et al 2017; Nash et al 2019; Kwon et al. 2022). Here, we describe an optogenetic platform that uses a single stimulus (light) to activate GPCRs at defined intracellular membranes in intact cells.
Aims. To develop a platform enabling selective localisation of GPCRs to specific intracellular membranes, and to determine how receptor location shapes GPCR signalling and cell responses.
Methods. Light-activated GPCR chimeras (Tichy et al. 2022) were targeted to endosomal, mitochondrial, Golgi, and nuclear membranes using C-terminal targeting motifs. Signalling outputs were measured by cAMP and ERK assays, with transcriptomic profiling used to capture location-dependent responses. Proximity-dependent proteomics was used to identify differences in key proteins important for GPCR signalling at each location.
Results. Light stimulation activated cAMP and ERK signalling at all targeted compartments, with compartment-specific differences in ERK temporal profiles. Each receptor pool generated a distinct transcriptional fingerprint, and unique protein networks were identified that support GPCR signalling in each compartment.
Discussion. Our engineered optogenetic platform reveals that GPCRs localised at distinct intracellular locations are self-sufficient signalling platforms and highlights GPCR location as a critical driver of cell responses.
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