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Signal Roles of PI 3-Kinase in G Protein Coupled Receptor
Stimulation of Mitogenesis

Hu Zhuo-wei, M.D., Ph.D.
Department of Medicine, Stanford University School of Medicine, Stanford, California, US.A

Phosphoinositide 3-kinase (PI 3-kinase) is a key signaling enzyme implicated in the regulation of a
broad array of biological responses such as membrane receptor-mediated mitogenesis, antiapoptosis,
oxidative burst, membrane ruffling, and glucose uptake. The activation of PI 3-kinase results in an increase
in cellular levels of D-3 phosphortylated phosphoinositides, such as PtdIns(3)P, PtdIns(3,4)P2, and
PtdIns(3,4,5)P3. These products, however, do not serve as the substrates of phospholipase C and thus
have been proposed to act as second messengers. In this regard, recent studies have indicated that
PtdIns(3,4)P2 can directly activate certain protein kinase C and Akt and PtdIns(3,4,5)P3 is capable of
binding to the Pleckstrin homology domain of guanine nucleotide exchange factor of the small GTP-
binding protein ARF 1.

Multiple forms of PI 3-kinase with distinct mechanisms of regulatdon and different substrate
specificity have been discovered. PI 3-kineses are divided into two main classes. The first class has
substrate specificity restricted to phosphatidylinositols (PtdIns); theit function is not clear. The second
class of PI 3-kineses, in addition to PtdIns, can also utilize PtdIns(4)P and PtdIns(4, 5)P2 as substrates.
This class of PI 3-kinase has been further clarified into two subgroups according to their preference for
adaptor proteins in the cellular signaling events. The first subgroup PI 3-kinase is a heterodimer consisting
of a p85 adaptor protein and a p110 catalytic subunit. The cDNAs of four related p85 subunits and two
related p110 subunits (& and ) have been identified. The N-terminus of p110 has docking sites for p85
subunit and oncoprotein Ras; the C-terminus contains the core kinase domain. The p85 subunit 1s



characterized by containing a vatiety of domain modules for protein-protein interactions. These include an
N-terminal SH3 domain, two SH2 domains (N- and C-§H2) separated by the inter-SH2 region (iSH2); and
two proline rich regions. The two SH2 domains bind tyrosine-phosphorylated receptors and n this
manner recruit the p85-p110 complex to activated receptors. The iSH2 region mediates the interaction of
p85 and p110 which 1s essential for catalytic action of p110. This subgroup is mainly stumulated by
membrane-bound receptors activating tyrosine kinase. Stimulation of tyrosine kinase receptors by
extracellular signals phosphorylates specific tyrosine residues located in the YMXM motifs of their own
receptors ot adaptor molecules, such as insulin receptor substrate-1. These phosphorylated proteins bind
to the SH2 domains of p85 and sumulate the lipid kinase activity. The stimulatory effect of these proteins
can thus be mimicked in vitro by a synthetic tyrosine-phosphorylated peptide possessing the YMXM motf

The second subgroup of PI 3-kinase using multiple phosphorylated mositol lipids as substrates are
those that do not bind p85 adaptor proteins. Instead, their catalytic subunits of approximarely 110-120
{also termed p110 y) kDa seem to depend on a p101 subunit. This group of PI 3-kinase has been thought
to be only activated by heterotrimeric G protein subunits (o and/or By subunits). Indeed, a novel catalytic
subunit of PI 3-kinase, designated as p110, has been cloned and shown to be activated in vitro by both the
o and Py subunits of G proteins. This isozyme lacks the binding site to p85 and thus does not interact
with the regulatory subunit. Additionally, Stephens et al. recently reported a heterodimeric PI 3-kinase
consisting of 2 pl10-related 120-kDa catalytic subunit and a 101-kDa adaptor protein, which is disunct
from p85. PI 3-kinase activity of the novel heterodimer was markedly stimulated by G but not by a
tyrosine-phosphorylated peptide.

In contrast to these reports, several authors including us have demonstrated that G protein coupled
receptor is capable of stimulating PI 3-kinase activity immunoprecipitated with anti-p85 antibodies. For
example, insulin-induced accumulation of PtdIns(3,4,5)P3 in THP-1 cells is synergistically enhanced by
activation of a pertussis toxin-sensitive G protein, suggesting that this isozyme is regulated by both



