Role of insulin receptor substrate-2 serine phosphorylation in the regulation of liver metabolism
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Introduction: Insulin mediates\dirse metabolic responses in theelj including both glucose production
and storage, through the canonical insulin signalling pathhusulin receptor substrate (IRS) proteins arg k
mediators of the insulin signalling pathyy where thg act as docking proteins between cell surface receptors
and a compbe network of intracellular signalling molecules. Whole bodyufi¢taet al, 2000; Preis et al,

2000; Witherset al, 1998) and Wer specific (Malverdeet al, 2003) knockout animal models implicate IRS-2 as

the principle mediator of glucose homeostasis in ther, liend demonstrate that impaired IRS-2 signalling
contritutes to the deslopment of hepatic insulin resistance. Phosphorylation of IRS proteins on serine sites is a
key control process under both physiological and pathological conditions (Copps & White, 20h@&\vetio

very few sites on IRS-2 hae tkeen identified and examined in detail as to thdiece on insulin mediated
signalling pathways and subsequent cellular processes.

Methods: IRS-2 serine (Se&8) phosphorylation sites, S587 and S604, that are located close to or within a
unique IRS-2 kinase loop binding domain that interacts with the insulin receyet@r identified from results
using high resolution mass spectrometry-based proteomics designed to prgdiotogltal substrates of
insulin regulated kinases (Humphireet al. 2013). © examine the role of these specific IRS-2 serine
phosphorylation sites on insulin signalling and glucose metabolism invéhe$%87 and S604 of mouse IRS-2
were substituted to alanine (A) using site-directed mutagenégishépatoma cells were transfected with wild
type (WT) or S587/604A IRS2 plasmids and insulin-stimulated intracellular signalling, gpresson and
measures of glucose metabolism were performed.

Results: The insulin-stimulated phosphorylation of forkhead box class O (FoxO1 pSer256), a transcription
factor that coordinates glucose utilisation and stora@s, significantly attenuated in mutant S587/604A IRS-2
cells compared to WT controls. ttever, the expression of the FoxOl-dependent gluconeogenic genes,
glucose-6-phosphatase catalytic woib (G6Pc) and phosphonengtpvate carboxykinase (PEPCK), and
glucose production were reducele(.05) to a similar extent in both WT and mutant cells in response to
insulin. In contrast, the expression of thex®1l-dependentypuvate dehydrogenase kinase-2 (PDK2) gene,
which regulates yruvate flux through the ypuvate dehydrogenase complex, was significantly increased in
mutant IRS2 cells andasg associated with a greatBx(.05) glycolytic to oxidatie flux (ECAR/OCR) ratio in
S587/604A IRS-2 cells compared to WT cells in glucose media.

Conclusion: These data suggest that these unique serine phosphorylation sites on the insulin signalling
protein, IRS-2, control specific aspects of hepatocyte glucose metabolism that could play an important role in
hepatic energy substrate selection.
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