Decoding the Spatial Dimensions of GPCR signaling
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Cells detect a wide range of signals through G protein–coupled receptors (GPCRs), which stimulate the production of second messengers such as cAMP. A long-standing question has been how GPCRs trigger distinct physiological responses despite generating similar levels of cAMP. We previously demonstrated that monoamine GPCRs can produce cAMP at both the plasma membrane and the Golgi apparatus. Here, we show that monoamines—membrane-impermeant GPCR agonists—require monoamine transporters to access the Golgi lumen and activate Golgi-localized GPCRs. Notably, cells can distinguish between subcellular sources of cAMP to elicit distinct physiological responses. Thus, the same GPCR, acting through the same second messenger, can drive different cellular responses depending on its subcellular localization.
