Phosphoproteomicsreveals the complexity of the human muscle exercise-regulated signalling
network and a novel role for AKAPL in regulating mitochondrial respiration via AMPK
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Exercise plays an essential physiological role in whole body insulin sensitivity and metabolic
homeostasis. A lack of physical activity causes insulin resistance in humans, and increased phy#gical acti
improves insulin sensitiity. Howeve, only a fav signalling pathways are known that are aatttd by eercise
to trigger these beneficial effects in skeletal muscle, a major site of insulin resistancesraisd ection.
Therefore, it is crucial to map the complete repertoirexefcese actvated pathways in order to identify the
biology underlying rercise action in skeletal muscle and unleagiaise’s full therapeutic potential.offill the
gap in our understanding of muscleeecise signalling, we performed a global, unbiased mass spectrometry
(MS)-based phosphoproteomic analysis of humagietdd muscle biopsies obtained from four hegalthele
subjects before and after a single bout of high-intensity bicyeteise.

The «ercise signalling response between each subjext highly reproducible yarage Pearsos’
correlation codicient r=0.72). W identified 1,004 phosphosites that were significantly regulated with acute
exacise P<0.05, >1.5 fold change and false digay rate <0.01). May well characterized acutexercise-
regulated signalling pathways were significantlgukated including the AMP-aeftited protein kinase (AMPK),
mitogen-actiated protein kinase (MAPK), protein kinase A (PKA), protein kinase B (Akt), mammaliget tar
of rapamycin (mMTOR) and calcium pathways, as well agrak pathways ner previously known to be
regulated by rercise. Of the 1,004 xercise-rgulated phosphosites, more than 900eheot been preously
guantified in gercised human muscle and the upstream kinases are unknowven. ¢ knavn therapeutic
potential of the AMPK pathay, we performed tvo additional MS screens to specifically pinpointvaloA MPK
substrates in the human muscle data including: (1) global MS-based phosphoproteomic analysis of rat L6
myotubes with and without AMPK agonist stimulation; and (2) eeihglobal AMPK in vitro kinase assay
combined with tageted MS phosphopeptide quantification in human embryonic kidR&EK-E) cells.
Integration of these data setwvealed a number of potential v AMPK substrates ner previously described
including A-kinase anchor protein 1 (AKAP1), an outer mitochondrial membrane scaffold protein thatns kno
to bind PKA. W rext performed detailed mechanistic studies &idate our MS findings and determine the
biological significance of AMPK-mediated phosphorylation of AKAP1 Serl®%¥itro andin vivo validation
experiments confirmed that AKAP1 isb@na fidemuscle AMPK substrate. Furthermore, using complementary
siRNA knockdavn of AKAP1 and weerexpression of an AKAP1 Serl03 phospho-dead mutant we ha
identified a nwd role for Serl03 phosphorylation of AKAP1 in AMPK-mediated mitochondrial palmitate
oxidation. These mechanistic studies highlight AKAP1l as aenexercise- and AMPK-rgulated
phosphoprotein playing a critical role in muscle mitochondrial respirat@kenTtogetherthe comprehenge
human musclexercise-rgulated signalling network and targeted AMPK signalling screens contain a wealth of
novel phosphoproteins for mechanistic dissection that will heyigalenev biological mechanisms underlying
exacise. These data will senas annvduable resource for future study by thereise physiology research
community.
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