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Summary

The phosphorylation of proteins on tyrosine in vivo
and in vitro was examined in 3T3 cells stimulated by
platelet-derived growth factor (PDGF) and transformed
by polyoma middle T antigen (MTAg) by using an anti-
body directed against phosphotyrosine (P-tyr). Two
common events were observed upon PDGF stimula-
tion or MTAg transformation of cells: the appearance
in the immunoprecipitates of an 85 kd phosphopro-
tein, and increased phosphatidylinasitel (PI) kinase
activity. In PDGF-stimulated cells, the 85 kd phospho-
protein and Pl kinase activity appeared rapidly, within
1 min of growth factor addition. The Pl kinase activity
and 85 kd phosphorylation were also increased in anti-
P-tyr immunoprecipitates from cells transformed by
v-fms and v-sis, but not by SV40 T antigen. The pres-
ence of the tyrosine-phosphorylated 85 kd protein cor-
related with Pl kinase activity during several purifi-
cation steps. These results suggest that the B5 kd
phosphoprotein, a putative Pl kinase, is a substrate for
both the PDGF receptor and MTAg/pp60°*™ tyrosine
kinase activities.

Introduction

An important feature of transformed cells is their partial or
complete autonomy from growth factor requirements that
limit the proliferation of their nontransformed counter-
parts. The growth factor independence of transformed
cells has been postulated to be due to a constitulive ex-
pression of one or more of the signaling elements along
the mitogenic pathway (Heldin and Westermark, 1984).
Clues as to how oncogenes may regulate growth stimula-
tory pathways can be obtained by examining common
structural and functional elements between the protein
products of oncogenes and the transducers of growth fac-
tor signals. One of these common elements is protain-
tyrosine Kinase activity. Several growth factor receptors,
including those for platelet-derived growth factor (PDGF),

epidermal growth factor (EGF), insulin, and colony stimul-
ating factor 1 (CSF-1), are tyrosine kinases (Bishop, 1985).
In sach case, binding of ligand is known to stimulate the
tyrosine kinase activity of the receptor. A number of on-
cogenes, including v-src, v-abl, v-fms, v-fasifos, and poly-
oma virus middle T antigen (MTAg), encode proteins that
are associated with plasma membranes and that possess
intrinsic or associated tyrosine kinase activity (Hunter and
Cooper, 1985). Phosphorylation of proteins on tyrosine
residues has been offered as an explanation for the
pleiotropic responses to growth factor and oncogenes
{Hunter and Cooper, 1985; Bishop, 1985). Genetic analy-
sis of the v-src and MTAg oncogenes suggests that tyro-
sine kinase activity is essential to the ability of these on-
cogenes to transform cells (Schaffhausen, 1982: Hunter
and Cooper, 1985). In addition, cell growth stimulation by
PDGF and cell transformation by v-sre are both accompa-
nied by increases in the level of tyrosine-phosphorylated
proteins in cells (Cooper et al., 1982; Frackelton et al.,
1984; Ek and Heldin, 1984; Hunter and Cooper, 1985;
Morla and Wang, 1986). Some of the targets of tyrosine ki-
nases have been identified (Hunter and Cooper, 1985).
However, genetic analysis has shown that changes in the
phosphorylation of the substrates identified to date are
insufficient to account for the physiological changes ac-
companying mitogenesis and transformation (Hunter and
Cooper, 1985).

Onea mechanism whereby growth factor receptors and
oncogenes may exert their effacts is through stimulation
of cellular phosphatidylinosital (Pl) turnover. Increased
turnover of Pl and its phosphorylated derivatives PIP and
FIF; have been implicated in cellular responses to a wide
variety of stimuli, including growth factors such as PDGF
(Habenicht et al., 1981; Berridge et al., 1984, 1985; Whit-
man et al., 1987). Altered phosphorylation and turnover of
Pl has also been demonstrated in cells transformed by
DNA and ANA tumor viruses (Koch and Diringer, 1973;
Sugimoto et al., 1984; Macara et al., 1984; Fry et al., 1985;
Kaplan et al., 1986; Jackowski et al., 1986; Kato et al.,
1987). The hydrolysis of PIP; by phospholipase C
produces two potent second messenger molecules, di-
acylglycerol (DG) and inositol trisphosphate (IPs). IP;
elevates cytosolic calcium by stimulating release from
intracellular calcium stores (Berridge et al., 1984). DG
diractly activates the C-kinase, which is the major cellular
receptor for the tumor-promoting phorbol esters (Nishi-
zuka, 1984). The actions of DG and IP5 have diverse ef-
fects on cell physiclogy, implicating these second mes-
sengers as possible effector molecules in growth factor
stimulation and oncogenesis.

We have been investigating common elements in PDGF-
mediated mitogenesis and transformation by polyoma
middle T antigen. A number of parallels exist between the
response of cells to PDGF and to MTAg. PDGF and MTAg
stimulate the tyrosine kinase activity of pp80©==, tha cal-
lular homolog of the oncoprotein encoded by the v-sro
oncogena (Bolan et al., 1984; Ralston and Bishop, 1985).






