Considerations of the expanded guanylate cyclase family in gastrointestinal health
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Introduction. Guanylate cyclases (GCs) catalyze the formation of guanosine 3’,5’-cyclic monophosphate (cGMP) from guanosine-5’-triphosphate (GTP) and include the soluble GCs and membrane-bound GCs like GC-C receptors or heat stable enterotoxin receptor. Functional GC catalytic centres with low activity within kinase domains exist in plants. These crypto GCs generate cGMP essential for both intramolecular and downstream signalling.
Aims. Search and identify and begin characterisation of crypto GCs in the human proteome.
Methods. Pattern matching searches in the human annotated proteome were made using ScanProsite (Expasy). Vector constructs were prepared using Gateway cloning and site directed mutagenesis. Recombinant proteins were generated and cGMP production was assessed. THP-1 wildtype and CRISPR/Cas 9 generated IRAK3-/- knockout cells were used along with cells containing NFκB reporter systems. cGMP, IL6 and TNFα were measured using ELISA kits.
Results. 18 candidates, including the neurotropic receptor tyrosine kinase 1 (NTRK1) and interleukin 1 receptor associated kinase 5 (IRAK3) that negatively regulates immune response sin macrophages. NTRK1 has a functional GC embedded within the intracellular kinase domain similar to crypto GC plant receptor kinases. In vitro characterization shows that the embedded NTRK1 GC is functional. IRAK3 is a cytosolic protein containing a functional GC embedded in the pseudokinase domain. A selected alanine screen revealed amino acids essential for catalytic activity. Using genetic and pharmacological approaches we show that IRAK3 depends on self-generated cGMP for effective downstream signalling in immune cells to limit cytokine production.
Discussion. These findings point to hitherto unsuspected roles of localised cGMP enriched nanodomains essential for intramolecular and downstream signalling in mediating innate immune responses and inflammation and NTRK1-dependent growth and neoplasia. The impacts different levels of intracellular cGMP in immune cells in the intestine will be discussed in relation to GC-C and human diseases like inflammatory bowel disease.
