Evolution of 5-HT3 receptors in animals and their and moonlighting roles in mitochondria.
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Introduction. The 5-hydroxytrptamine 3 (5-HT3) receptor is the only pentameric ligand gated cation selective channel in the serotonin receptor family. In humans heteromeric and homomeric 5-HT3 receptors are formed by 5 subunits (A-E) where subunit A can form homomeric and heteromeric subunits with other subunits. 5-HT3 receptors play key role in development, growth, and behaviour in animals. 5-HT3 receptor specific antagonists are used to treat nausea, emesis, and irritable bowel syndrome and other gastrointestinal disorders.
Aims. To determine the (i) if 5-HT3 receptors locate to mitochondria and (ii) 5HT3 receptor subunit distribution throughout the animal kingdom. 
Methods. 5-HT3 receptor subunit protein sequences were subjected to BLAST searches on NCBI database with greater than 1000 species identified. These sequences were computationally analysed for conserved residues in the ligand binding and transmembrane domains and conserved peptide targeting sequences. HEK293T cells were transiently transfected with epitope and fluorescent protein-tagged subunits of human 5-HT3 receptors and detected with fluorescence and transmission electron microscopy. Membrane potential and oxygen consumption assays were performed on isolated mitochondria or in whole cells. 
Results. Multiple sequence alignment and phylogenetic analyses predicted that 5-HT3 receptors are widely distributed in the animal kingdom including several lower species and gut parasitic species. Both A and E subunits localise at mitochondrial inner membrane forming A homomeric and AE heteromeric receptors. Localised A and E subunits influenced the membrane potential and mitochondrial oxygen consumption rates following treatment with agonist serotonin (enhanced) or antagonist ondansetron (inhibited). 
Discussion. The presence of conserved 5-HT3 receptor ligand binding sites in a wide range of species suggests that those species are likely to respond to 5-HT3 receptor antagonists used to treat humans and has implications for organisms exposed to them in human ecosystems. The surprising localisation of 5-HT3 receptors in mitochondrial inner membranes where they may have a moonlighting uncoupling function highlights the importance of investigating mitochondrial effects to improve efficacy and lower toxicity of 5-HT3 receptor mediated treatments.  
