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Coordinate Phosphorylation of
Insulin-Receptor Kinase and Its 175,000-M,
Endogenous Substrate in Rat Hepatocytes

MOTOZUMI OKAMOTO, AVRAHAM KARASIK, MORRIS F. WHITE, AND C. RONALD KAHMN

To investigate the early events in insulin signal
transmission in liver, isolated rat hepatocytes

were |labeled with *P, and proteins phosphorylated

in response to insulin were detected by
immunoprecipitation with anti-phosphotyrosine and
anti-receptor antibodies and analyzed by sodium
dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis and autoradiography. In these cells,
insulin rapidly stimulated tyrosine phosphorylation

of the 95,000-M, B-subunit of the insulin receptor and
a 175,000-M, phosphoprotein (pp175). Both proteins
were precipitated by anti-phosphotyrosine antibody,
whereas only the insulin receptor was recognized with
anti-insulin-receptor antibody. In the insulin-stimulated
state, both pp175 and the receptor [-subunit were
found to be phosphorylated on tyrosine and serine
residues. Based on precipitation by the two antibodies,
receptor phosphorylation was biphasic with an initial
increase in tyrosine phosphorylation followed by a
more gradual increase in serine phosphorylation over
the first 30 min of stimulation. The time course of
phosphorylation of pp175 was rapid and paralleled
that of the B-subunit of the insulin receptor. The pp175
was clearly distinguished from the insulin receptor,
because it was detected only when boiling SDS was
used to extract cellular phosphoproteins, whereas the
insulin receptor was extracted with either Triton X-100
or SDS. In addition, the tryptic peptide maps of the two
proteins were distinct. The dose-response curve for
insulin stimulation was shifted slightly to the left of the
insulin receptor, suggesting some signal amplification
at this step. These data suggest that pp175 is a major
endogenous substrate of the insulin receptor in liver
and may be a cytoskeletal-associated protein. Both
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serine and tyrosine sites are involved in insulin-

stimulated phosphorylation in hepatocytes. Diabetes
40:66-72, 1991

he current model of insulin signal transduction

across the membrane is based on the nature of the

insulin receptar as a tyrosine kinase (1,2). Accord-

ing to this madel, insulin binds 1o the extracellular
a-subunit of the receptor, activating the tyrosine kinase of
the transmembrane B-subunit, The activated tyrosine kinase
leads to phosphorylation of the receptor itselt and intracel-
lular proteins, which in their phosphorylated form may serve
as messengers for the insulin signal. This model has been
supported by studies with in vitro mutants of the receptor
that lack kinase activity and by studies with monoclonal an-
libodies to the B-subunit antibodies that inhibit tyrosine ki-
nase activity and lead to loss of insulin action (3,4).

In the pursuit of substrates that undergo phospharylation
by the insulin receptar in intact cells, several proteins have
been identified in transformed and nontransformed cells (5
9). One of the first such proteins was a 185,000-M, protein
we observed in Fao hepatoma cells (5). A protein of similar
maolecular weight has been observed in several transformed
cell lines after insulin stimulation (6-8). In this study, we
utilized anti-phosphotyrosine and anti-insulin-receptor anti-
bodies to study insulin-stimulated phosphorylation in non-
transformed freshly isolated rat hepatocytes. We found that
in hepatocytes, insulin stimulates the rapid tyrosine phos-
phorylation of the B-subunit of the insulin receptor, which is
followed by a slower rise in serine-threcnine phosphorylation
of the raceptor. During the initial response to insulin,d an
endogencus substrate of a 175,000-M, phosphoprotein
[pp1735) is also phosphorylated on tyrosine residues in an
insulin-dependent manner. This protein has similarities to
pp185 but also has some unigue characteristics in its sal-
ubility and immunoprecipitability compared with its coun-
terpart in hepatoma cells.
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