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Insulin signalling: putting the ‘G-’ in protein—protein interactions
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Cell signalling via receptor tyrosine kinases, such as the insulin
receptor, and via heterotrimeric G-proteins, such as Go;, Ga,
and G, family members, constitute two of most avidly studied
paradigms in cell biology. That elements of these two populous
signalling pathways must cross-talk to achieve proper signalling in
the regulation of cell proliferation, differentiation and metabolism
has been anticipated, but the evolution of our thinking and the
analysis of such cross-talk have lagged behind the ever-expanding
troupe of players and the recognition of multivalency as the rule,
rather than the exception, in signalling biology. New insights have
been provided by Kreuzer et al. in this issue of the Biochemical
Journal, in which insulin is shown to provoke recruitment of G,;-

proteins to insulin-receptor-based complexes that can regulate
the gain of insulin-receptor-catalysed autophosphorylation, a
proximal point in the insulin-sensitive cascade of signalling.
Understanding the convergence and cross-talk of signals from
the receptor tyrosine kinases and G-protein-coupled receptor
pathways in physical, spatial and temporal contexts will remain a
major challenge of cell biology.
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RTKs (receptor tyrosine kinases) are a major subfamily of
the 5004 protein kinases identified in the human genome,
and include the well-known cell-surface receptors for EGF
(epidermal growth factor), VEGF (vascular endothelial growth
factor), PDGF (platelet-derived growth factor), IGF-I (insulin-
like growth factor-I) and insulin. GPCRs (G-protein-coupled
receptors) that transduce ligand activation to various effector
molecules via heterotrimeric G-proteins constitute the most
populous superfamily of cell-surface receptors, whose genes
probably account for 5-10% of the human genome. Since
downstream effector pathways for both RTKs and GPCRs share
common points of overlap [e.g. the MAPK (mitogen-activated
protein kinase) cascades] that are essential to regulation of cell
proliferation, differentiation and metabolic regulation, integration
of signals from these two dominant pathways must exist. How
does this integration of signalling occur? At what levels of each
pathway/cascade is integration possible? What specific molecules
(e.g. receptor and effector molecules, adaptors, and scaffolds)
are involved in the integration? Each of these are fundamental
questions of current research in cell signalling.

One of the best examples of integration of signalling can be
observed at the convergence of two well-known pathways in
metabolic regulation, i.e. insulin signalling representing the RTK
family, and B,AR (B,-adrenergic receptor) signalling representing
the GPCR superfamily. Catecholamines [e.g. the B-adrenergic
agonist adrenalin (epinephrine)] are subject to counteraction
by insulin at many levels of metabolic regulation, but only
in the last 10 years have we obtained insights into how this
regulation occurs. For counter-regulation of 8,AR by insulin,
the first point of integration is at the most proximal of points
in cell signalling, i.e. receptor-to-receptor, with this prototypic
GPCR acting as a substrate for insulin-stimulated RTK-catalysed
phosphorylation of the 8,AR at specific sites on the cytoplasmic
C-terminus. Phosphorylation of 8,AR Tyr*° residue in response
to insulin creates a phosphotyrosine SH2 (Src homology 2)-
binding domain that effectively precludes the 8, AR from coupling

to its cognate G-protein (G;), while enabling the binding of
the adaptor Grb2, the p85 regulatory subunit of PI3K (phos-
phoinositide 3-kinase) and the GTPase dynamin, all molecules
involved in GPCR trafficking [1]. Similarly, with regard to insulin-
stimulated activation of ERK (extracellular-signal-regulated
kinase) 1/2 via the MAPK cascade, 8,ARs have been shown
to amplify insulin signals by acting in a scaffold-like capacity [2].
Increasing the amount of cell-surface-expressed §,AR in cells
provoked an increase in the magnitude of the activation of ERK1/2
achieved in response to insulin and required insulin-stimulated
phosphorylation of the 8,AR SH2-binding domain. Many other
examples of cross-talk among receptors of the RTK and GPCR
families are likely to be discovered.

Possible cross-talk between RTKs and G-proteins was first
proposed in 1987, based upon the observation by Houslay and
co-workers that experimentally induced diabetes leads to the
loss of G;-protein expression in liver [3]. Later, targeted elimin-
ation of G, in liver, skeletal muscle and white adipose tissue of
transgenic mice was found to induce frank insulin resistance
[4], whereas expression of a constitutively active mutant
(GIn*® — Leu) of Ga;, in skeletal muscle, liver and adipose tissue
markedly enhanced the glucose-tolerance of transgenic mice
[5] and activated translocation of the insulin-sensitive GLUT4
glucose transporter to the cell surface [6]. In molecular terms,
however, these provocative studies left unanswered the question
of how G-proteins exert these influences on insulin signalling.

In this issue of the Biochemical Journal, an article from the
Kreiger-Brauer group provides an exciting new dimension to
our understanding of the role of the G-protein Goy, in insulin
signalling [7]. Using insulin receptors isolated from plasma
membranes of human fat cells, these investigators show that
activation of the insulin receptor autophosphorylation by insulin
was sensitive to activators (e.g. GTPyS) as well as to inhibitors
(e.g. GDPBS and pertussis toxin) of G-protein function. Even
more revealing, when plasma membranes are pre-treated with
nanomolar concentrations of insulin, the amount of Ga;, that
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associates with the insulin receptor is increased. The ability of
insulin to recruit Ge;, to the insulin receptor signalling complex
represents a novel form of cross-talk between RTK- and GPCR-
mediated pathways, and other examples of G-proteins that
modulate RTK signalling cascades have been reported [7,8]. For
example, Gay, has been shown to interact also with the IGF-I re-
ceptor in response to stimulation by IGF-I [8], but the functional
consequences of that protein—protein interaction on RTK signal-
ling remains to be established.

Although the concept of modular protein—protein interactions
providing the basis for many cell signalling pathways has been
evolving over the last 20 years [9], only recently has this multi-
valent, dynamic, combinatorial perspective on convergence of
RTK and GPCR signalling come into focus. When we consider
the physical nature of supramolecular complexes that are in-
volved in protein synthesis, protein trafficking and other cellular
functions, one must be struck by the unintentional negative im-
pact that the Singer—Nicolson ‘fluid mosaic’ model of membrane
proteins [10] appears to have had on our ability to transcend from
the petite to the grande vision for cell signalling. The possible
explanations offered to explain the ability of insulin to recruit
G, to insulin receptor complexes are probably only a few of the
possibilities for protein—protein modules that span major RTK/
GPCR signalling pathways. State-of-the-art proteomics, in silico
biocomputational modelling in search of new motifs created by
protein—protein interactions and sensitive read-outs capable of
deciphering the effects of subtle mutations of those new, bipartite
surfaces will be essential to test these provocative possibilities as
well as to test our abilities to think of cell signalling on the truly
grande scale.
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