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Anti-phosphotyrosine antibody and anti-insulin re-
ceptor antibody were used to study insulin-stimulated
phosphorylation of the 3-subunit of the insulin receptor
in [*?*Plorthophosphate-labeled Fao hepatoma cells.
Without insulin, the receptor contained both phospho-
serine and phosphothreonine and could be immunopre-
cipitated with anti-receptor antibody but not with the
anti-phosphotyrosine antibody. After incubation of
these cells with insulin, both antibodies immunoprecip-
itated the phosphorylated receptor. The g-subunit of
the receptor precipitated with anti-phosphotyrosine
antibody from cells stimulated with insulin (100 nMm)
for 1 min contained predominantly phosphotyrosine,
whereas, after 10 min with insulin, the amounts of
phosphotyrosine and phosphoserine were nearly equal.
These results suggest that insulin-stimulated tyrosine
phosphorylation preceded insulin-stimulated serine
phosphorylation of the 8-subunit. Sequential immuno-
precipitation of receptor with anti-phosphotyrosine
antibody followed by precipitation of the remaining
proteins with anti-receptor antibody suggests that in-
sulin receptors which contain phosphoserine in the
basal state are tyrosine phosphorylated more slowly
than the dephosphorylated receptors or not at all after
the addition of insulin. The g-subunit of the insulin
receptor was the major phosphorylated protein precip-
itated by the anti-phosphotyrosine antibody from in-
sulin-stimulated Fao cells. These results confirm our
notion that insulin initially stimulated tyrosine auto-
phosphorylation and subsequently serine phosphoryla-
tion of the insulin receptor in intact cells and suggests
that this sequence of reactions occurs faster on recep-
tors that are dephosphorylated before the incubation
with insulin.

Insulin promotes tyrosine autophosphorylation of the 3-
subunit of its receptor in detergent extracts from several cell
types (1-6). Studies with highly purified receptor (7-9),! dou-
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ble probe labeling studies (11), and studies using ATP affinity
reagents (12-14) indicate that this is due to a kinase activity
that is intrinsic to the receptor. The insulin receptor also
catalyzes the phosphorylation of exogenous substrates on
tyrosine residues (8) and this activity has been shown to be
enhanced by tyrosine autophosphorylation of the 8-subunit
(15, 16).) Thus, it is attractive to view this insulin-promoted
activation of the receptor kinase as a link in the chain of
events responsible for the alterations in metabolism initiated
by the binding of insulin to its receptor. However, in whole
cells, phosphorylation of the 8-subunit occurs predominantly
on serine residues with a much smaller detected level of
tyrosine phosphorylation after the addition of insulin (17, 18).
These observations raise questions about the physiologic im-
portance of tyrosine autophosphorylation and the sequence
of phosphorylation reactions which occur on the $-subunit
after insulin binding.

In this report, we have investigated insulin receptor phos-
phorylation in intact hepatoma cells (Fao) labeled with [**P]
orthophosphate making use of both anti-insulin receptor an-
tibody (B-9) and an antibody which immunoprecipitates phos-
photyrosine-containing proteins. Evidence presented here
shows that at early times after the addition of insulin, receptor
phosphorylation at tyrosine residues is the predominant in-
sulin-promoted phosphorylation process as would be expected
if activation of the tyrosine kinase activity were an early event,
in the reaction pathway for the intracellular transmission of
the insulin signal. Interestingly, receptors that contain phos-
phoserine in the basal state are phosphorylated on tyrosine
residues more slowly, or not at all, after addition of insulin.
These results suggest that serine phosphorylation may inhibit
insulin-stimulated tyrosine phosphorylation of the insulin
receptor. Possibly, the two subsets of insulin receptors which
differ in their state of phosphorylation after addition of in-
sulin are located in different parts of the cell or are function-
ally distinct.

EXPERIMENTAL PROCEDURES

Materials—The following materials were obtained from the sources
indicated: [**P]orthophosphate and Triton X-100 were from New
England Nuclear; phosphoamino acids and N-acetylglucosamine were
from Sigma; porcine insulin (lot 1JM95AN) was from Elanco; re-
agents for SDS-PAGE? were purchased from Bio-Rad; Pansorbin was
from Calbiochem and protein A-Sepharose was from Pharmacia;
wheat germ agglutinin-agarose was from Vector. Cellulose thin-layer

% The abbreviations used are: SDS, sodium dodecyl sulfate; PAGE,
polyacrylamide gel electrophoresis; WGA, wheat germ agglutinin;
HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; TPA,
12-0O-tetradecanyl phorbol 13-acetate.
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