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Insulin receptor substrate-1 (IRS-1) serves as the ma-
jor immediate substrate of insulin/insulin-like growth
factor (IGF)-1 receptors and following tyrosine phospho-
rylation binds to specific Src homology-2 (SH2) domain-
containing proteins including the p85 subunit of phos-
phatidylinositol (PI) 3-kinase and GRB2, a molecule
believed to link IRS-1 to the Ras pathway. To investigate
how these SH2-containing signaling molecules interact
to regulate insulin/IGF-1 action, IRS-1, glutathione S-
transferase (GST)-SH2 domain fusion proteins and Ras
proteins were microinjected into Xenopus oocytes. We
found that pleiotropic insulin actions are mediated by
IRS-1 through two independent, but convergent, path-
ways involving PI 3-kinase and GRB2. Thus, microinjec-
tion of GST-fusion proteins of either p85 or GRB2 inhib-
ited IRS-1-dependent activation of mitogen-activated
protein (MAP) and S6 kinases and oocyte maturation,
although only the GST-SH2 of p85 reduced insulin-
stimulated PI 3-kinase activation. Co-injection of a
dominant negative Ras (S17N) with IRS-1 inhibited in-
sulin-stimulated MAP and S6 kinase activation. Micro-
injection of activated [Arg!?Thr*®]Ras increased basal
MAP and S6 kinase activities and sensitized the oocytes
to insulin-stimulated maturation without altering insu-
lin-stimulated PI 3-kinase. The Ras-enhanced oocyte
maturation response, but not the elevated basal level of
MAP and 86 kinase, was partially blocked by the SH2-
P85, but not SH2-GRB2. These data strongly suggest that
IRS-1 can mediate many of insulin’s actions on cellular
enzyme activation and cell cycle progression requires
binding and activation of multiple different SH2-domain
proteins.

At the cellular level, insulin and IGF-1! produce a wide va-
riety of metabolic effects and stimulate cell growth and differ-
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entiation (1). Insulin signaling is initiated by activation of the
insulin receptor tyrosine kinase, autophosphorylation of the
receptor B-subunit, and stimulation of phosphorylation of an
intracellular receptor substrate, termed IRS-1 (2-6). Analysis
of the sequences of IRS-1 from rat, mouse, and human has
revealed over 20 potential tyrosine phosphorylation sites (6-8).
Following insulin-stimulated phosphorylation, these sites
serve as a docking sites which bind to the 85-kDa subunit (p85)
of PI 3-kinase (6, 9, 10), as well as other proteins possessing Src
homology-2 (SH2) domains (11-14). The amino acid residues
surrounding the tyrosine determine the high affinity binding to
a specific SH2 domain (15-17). Peptides derived from IRS-1
with the p85 recognition motif can also bind to and activate P1
3-kinase in vitro, suggesting these non-covalent interactions
mediate the insulin signal for activation of this intracellular
enzyme (18), although the exact function of this enzyme in cells
is still unknown. Phosphorylated IRS-1 also binds to an adap-
tor protein termed GRB2 which then interacts with a guanine
nucleotide exchange factor termed SOS coupling signaling by
the insulin receptor to the Ras pathway (19, 20). Thus, binding
of multiple molecules to IRS-1 may serve as one point of signal
divergence in the insulin action pathway.

We have recently shown that microinjection of IRS-1 en-
hances oocyte maturation in response to insulin/IGF-1 treat-
ment (21) and that this response can be blocked by microinjec-
tion of GST fusion proteins of p85 (22). In the present study, we
have further explored the interactions between IRS-1, Ras, and
SH2 domain proteins using the Xenopus oocyte reconstitution
system. We find that both insulin-stimulated PI 3-kinase and
GRB2/Ras-mediated activation of MAP and S6 kinases interact
in a cooperative and convergent manner during insulin/IGF-1-
stimulated oocyte maturation.

MATERIALS AND METHODS

Oocyte Preparation and Germinal Vesicle Breakdown—Stage VI
oocytes were isolated by mild collagenase treatment of ovaries from
gravid Xenopus laevis frogs (Nasco, Fort Atkinson, WI) which had not
received priming with gonadotropin (21). The oocytes were allowed to
recover overnight in modified Barth’s media and then microinjected
with 50 nl of either buffer (125 mm NaCl, 25 mm Tris-HC], pH 7.6) or
combinations of proteins at the indicated concentrations. Recombinant
rat liver IRS-1 was produced in a baculovirus expression system and
purified to >90% homogeneity as described previously (18). GST fusion
proteins were produced from bacterial expression vectors (pGEX) con-
taining the N-terminal SH2 domains of p85 designated GST-SH2-p85)
or GRB2 (GST-SH2-GRB2). The GRB2 GST-fusion construct and the
SH2-p85 GST fusion construct were kind gifts of J. Schlessinger (New
York University, New York) and M. Waterfield (Ludwig Institute of
Cancer Research, London, UK). Bacterial lysates were purified on glu-

GVBD, germinal vesicle breakdown; PAGE, polyacrylamide gel electro-
phoresis; MBP, myelin basic protein.
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