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Insulin receptor substrates form high-molecular-mass complexes with 

various proteins that control RNA splicing and translation 

ABSTRACT 

Insulin-like peptides, such as insulin-like growth factors (IGFs) and insulin, induce a variety of bioactivities, such 
as growth, differentiation, survival, increased anabolism and decreased catabolism in many cell types and in vivo. 
In general, IGFs or insulin bind to IGF-I receptor or insulin receptor, activating tyrosine kinase of each receptor. 
Insulin receptor substrates (IRSs) are known to be major substrates of receptor kinase, mediating IGF/insulin 
signals to direct bioactivities. Recently, we discovered that IRSs form high-molecular-mass complexes and these 
complexes contain proteins modulating tyrosine phosphorylation of IRSs by receptor kinase, proteins controlling 
stability of IRSs, proteins determining intracellular localization of IRSs and proteins mediating IGF/insulin 
bioactivities. In addition, we found not only proteins that are involved in RNA metabolism but also RNAs 
themselves in these complexes. For example, we isolated components of mRNP such as PABPC1, eIF4E and 
eIF4G as IRS-1-associated proteins. IRS-1 complex formation analysis revealed that IRS-1 is incorporated into 
the complexes of molecular mass more than 1,000 kDa, which was disrupted by treatment with RNase. 
Furthermore, oligo(dT) beads precipitated IRS-1 from cell lysates, showing that the IRS-1 complexes contained 
messenger RNA. We then identified mRNA in complexes containing IRSs and elucidated the roles of these 
complexes in the mRNA translation. LC-MS/MS analysis of proteins co-immunoprecipitated with IRS-1 identified 
Ras-GAP SH3-domain-binding protein 1 (G3BP1) as an IRS-associated protein. G3BP1 is an RNA binding 
protein that has been implicated in mRNA stability and translation. G3BP1 has been reported to bind to internal 
ribosome entry site (IRES) of virus RNA, which is a specific sequence required for cap-independent translation of 
mRNA. Our data indicate that IRS-1 forms complexes with IRES+ mRNA including bcl-2 mRNA, enhancing 
translation of the mRNA by a novel mechanism, which contributes to IGF/insulin-induced cell growth and survival. 
Taken together with other data showing that proteins co-immunoprecipitated with IRS-1 contain methylsome 
components, protein arginine methyltransferase 5 (PRMT5) and MEP50, which are involved in RNA splicing 
regulation, IRSs function as scaffold proteins to control RNA splicing and translation through novel mechanisms. 
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