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The SH2/SH3 domain-containing protein GRB2 interacts
with tyrosine-phosphorylated IRS1 and Shc: implications

for insulin control of ras signalling
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GRB2, a small protein comprising one SH2 domain and
two SH3 domains, represents the human homologue of
the Caenorhabditis elegans protein, sem-3. Both GRB2
and sem-5 have been implicated in a highly conserved
mechanism that regulates p21™ signalling by receptor
tyrosine kinases. In this report we show that in response
to insulin, GRB2 forms a stable complex with two
tyrosine-phosphorylated proteins. One protein is the
major insulin receptor substrate [RS-1 and the second
is the SH2 i ining oncogenic protein, She. The
interactions between GRB2 and these two proteins
require ligand activation of the insulin receptor and are
mediated by the binding of the SH2 domain of GRB2 to
phosphotyrosines on both IRS-1 and She. Although
GRB2 associates with IRS-1 and She, it is not tyrosine-
phosphorylated after insulin stimulation, implying that
GRB2 is not a substrate for the insulin receptor. Further-
more, we have identified a short sequence motif (YV/IN)
present in [RS-1, EGFR and She, which specifically binds
the SH2 domain of GRB2 with hﬁl affinity. Interestingly,
both GRB2 and phosphatidylinositol-3 (PI-3) kinase can
simultaneously bind distinct tyrosine phosphorylated
regions on the same IRS-1 molecule, suggesting a
mechanism whereby IRS-1 could provide the core for a
large signalling complex. We propose a model whereby
insulin stimulation leads to formation of multiple
protein— protein interactions between GRB2 and the two
targets IRS-1 and She. These interactions may play a
crucial role in activation of p21™ and the control of
downstream effector molecules.
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Introduction

Many polypeptide growth factors mediate their effects by
activating cell surface receptors that possess tyrosine kinase
activity (reviewed in Ullrich and Schlessinger, 1990;
Aaronson, 1991; Heldin, 1991). For both receptor and
cytoplasmic tyrosine kinases, getivation of ras is a critical
. step in inducing mitogenesis or differentiation (Mulcahy
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er al., 1985; Hagag er al., 1986; Smith er al., 1986; Feig

and Cooper, 1988; Szeberenyi er al., 1990). A prerequisite

for activating ras and other signalling pathways is the

activation of receptor tyrosine kinases. This activation leads

to autophosphorylation and association of the receptor with

a group of cytoplasmic targets containing a conserved non-

catalytic domain of ~ 100 amino acids, referred to as the

Src homology 2 (SH2) domain (reviewed in Cantley er al.,

1991; Koch er al., 1991; Margolis, 1992). Association of
SH2 domain-containing target proteins with an activated

receptor is strictly dependent on receptor autophosphoryla-

tion; SH2 domains bind to specific short sequences that

encompass a phosphotyrosine moiety (Cantley er al., 1991,

Mohammadhi er al., 1991, 1992; Kashishian er al., 1992;

Rotin er al., 1992). It has been postulated that binding of
signalling molecules to specific autophosphorylation sites on

receptors determines the specificity of signalling pathways
(reviewed by Cantley er al., 1991; Koch er al., 1991;

Schlessinger and Ullrich, 1992).

Genetic studies in Caenorhabdiris elegans revealed that
an SH2/5H3 domain-containing protein sem-J is critical in
the signal transduction pathway that links receptor tyrosine
kinases to ras activation (Clark er al_, 1992). In C. elegans,
sem-5 lies downstream of an epidermal growth factor
receptor-like tyrosine kinase (let-23) but upstream of a ras
homologue (let-60), implying that sem-J mediates ras
activation (Aroian er al., 1990; Horviz and Sternberg,
1991). We previously reported the identification of the
mammalian homologue of sem-5 (Lowenstein er al., 1992),

GRB2 (growth factor receptor bound-2). The evidence that

GRB2 is the human homologue of sem-3 comes from several
lines of investigation. In additon to 59% sequence
homology, sem-5 and GRB2 share several functional
characteristics. [t has been shown that GRB2 rescues sem-3
mutants in C. elegans (Stern er al., 1992) and that both GRB2
and sem-35 are able to bind the autophosphorylated epidermal
growth factor receptor (EGFR) with high affiniry
{(Lowenstein et al., 1992; M.J.Stern, R.J.Daly, E.J.
Lowenstein, A.Barzer, M.Kokel and J Schlessinger, sub-
mitted). Finally, GRB2 plays a role in ras activation in
mammalian cells; microinjection of GRB2 together with
H-ras protein into quiescent rat embyro fibroblasts resulted
in DNA synthesis, whereas the injection of either protein
alone had no effect (Lowenstein er al., 1992).

In addition to associating with the activated EGFR, GRB2
binds She, another widely expressed tyrosine-phosphorylated
SH2 domain-containing protein (Pelicci er al., 1992).
Overexpression of She leads to transformation of 3T3 cells
and neuronal differentiation of PC-12 cells (Pelicci er al
1992; Rozakis-Adcock er al., 1992). These findings, together
with the demonstration that tyrosine-phosphorylated She
binds the SH2 domain of GRB2, suggests that the interaction
between Shc and GRB2 may be important in regulating ras
activation and mitogenesis.

1929






