

Title: High-resolution temporal in vivo phosphoproteomics of skeletal muscle insulin signalling identifies Blpt3a as a novel Akt substrate and positive effector of glucose uptake 
Aims: Advances in mass spectrometry based phosphoproteomics have greatly advanced our understanding of the insulin signalling network. A central outcome of which is the lowering of blood glucose via stimulation of glycolysis and translocation of the insulin responsive glucose transporter GLUT4 to the plasma membrane. However, most phosphoproteomic studies rely on single time points and do not capture the dynamic nature of insulin signalling. Here we sought to address these shortcomings so that we may better understand dysregulation of glycaemic control at the molecular level.
Methods: We measured in vivo skeletal muscle glucose uptake and performed phosphoproteomic profiling across 7 time points (2, 5, 10, 20, 30, 40 mins) after insulin stimulation in two genetically distinct mouse strains, fed either a chow or high-fat/high-sugar diet (HFD). We applied a various bioinformatic approaches to the resulting data, including a forecasting approach to predict functional phosphorylation sites. To prioritise candidates, we then integrated human genetic evidence, and then validated these using genetic manipulation, in vitro glucose uptake assays, and microscopy.
Results: Insulin signalling is dynamic and varies by diet and genetic background. HFD induced clear diet-induced suppression of glucose uptake and selective, time-point dependent, attenuation of canonical insulin signalling. Forecasting analysis uncovered the late-endosomal protein Bridge-Like Lipid Transfer Protein Family Member 3A (Bltp3a) as a novel regulator of insulin-stimulated glucose transport. Meta-analysis revealed strong associations between single-nucleotide polymorphisms (SNPs) in Bltp3a and fasting insulin, HbA1c, and HDL. In-vitro validation revealed it to be a novel Akt substrate which co-localises on GLUT4 vesicles. 
Conclusion: Together, these findings reveal the importance of temporal network dynamics in insulin action and identify Bltp3a as a novel regulator of skeletal muscle glucose uptake.
