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Insulin rapidly stimulates tyrosine
phosphorylation of
a M,-185,000 protein in intact cells
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Phosphotyrosine-containing proteins are minor components of nor-
mal cells"* which appear to be associated primarily with the
regulation of cellular metabolism and growth™, The insulin recep-
tor is a tyrosine-specific protein kinase®®, and one of the earliest
detectable responses to insulin binding is activation of this kinase
and autophosphorylation of its -subunit”. Tyrosine autophos-
phorylation activates the phosphotransferase in the S-subunit and
increases its reactivity toward tyrosine phosphorylation of other
substrates'"'". When incubated in virro with [y-"*PJATP and
insulin, the purified insulin reeef_tnr phosphorylates various pro-
teins on their tyrosine residues''". However, so far no proteins
other than the insulin receptor have been identified as undergoing
tyrosine phosphorylation in response to insulin in an intact cell.
Here, using anti-phosphotyrosine antibodies, we have identified a
novel phosphotyrosine-containing protein of relative molecular
mass (M)} 185,000 (ppl85) which appears during the initial
response of hepatoma cells to insulin binding. Tn contrast to the
insulin receptor, ppl85 does not adhere to wheat-germ agglutinin—
agarose or bind to anti-insulin receptor antibodies. Phosphoryla-
tion of ppl85 is maximal within seconds after exposure of the
cells to insulin and exhibits a dose-response curve similar to that
of receptor autophosphorylation, suggesting that this protein rep-
resents the endogenous substrate for the insulin receptor kinase.

To identify any phosphotyrosine-containing proteins which
might appear in cells as a consequence of insulin binding, the
well-differentiated and insulin-sensitive hepatoma cell line
Fao'™'® was labelled with **P-orthophosphate for 2 h'®, Then
the cells were either treated with 100 nM insulin or left untreated
and the monolayvers were solubilized with Triton X-100 as
described in Fig. 1 legend. Purification of the resulting extract
by wheat-germ agglutinin{WGA) chromatography and im-
munoprecipitation with anti-insulin receptor antibody showed
a single insulin-stimulated phosphoprotein of M, 95,000 This
band was present in the basal state and increased about fourfold
during insulin stimulation for 1 min (Fig. la, b). We have shown
previously that this band corresponds to the S-subunit of the
insulin receptor which undergoes tyrosine phosphorylation in
response to insulin stimulation”*'". When the WGA-purified
extract was immunoprecipitated with a polyclonal anti-phos-
photyrosine antibody a similar result was observed, except that
no phosphorylation of the @S-subunit was seem under basal
conditions because in the intact cells the B-subunit does not
contain phosphotyrosine before insulin  stimulation (Fig.
1c, d)™". During 1 h of incubation with insulin, the amount of
**P-orthophosphate incorporated into the proteins eluted from
the WG A-agarose was constant, suggesting that insulin stimula-
tion of receptor phosphorylation does not result from a general
increase in the specific activity of cellular ATP.

In an attempt to identify other phosphotyrosine-containing
proteins, Fao cells were labelled and subjected 1o
immunoprecipitation with anti-phosphotyrosine  antibodies
before WG A chromatography. In the absence of insulin, a single
major phosphoprotein of M, 120,000 was immunoprecipitated
from the whole-cell extract (Fig. 1e). After incubation for 1 min
with 100 nM insulin there was no change in ppl20 (Fig. 1/,
but we observed two new phosphoproteins of M, 935,000 and
185,000 (Fig. 1f). pp95 is the B-subunit of the insulin receptor
and was quantitatively immunoprecipitated by anti-insulin
receptor serum {B2) (Fig. 1g, k). pp185, on the other hand was

WGA—tputifiad Whole—cell
exiract extract
Insulin S Et
i 4 .
(100 nh) L «10?
._-:' - 200
g e =115
- . L=t
=GB
3 - 45
a b cd e f g h
Fig. 1 Purification of phosphotyrosine-containing proteins from

**P-orthophosphate-labelled Fao cells by immunoprecipitation
with anti-insulin receptor and anti-phosphotyrosine antibodies.
u-d, WGA-purified extracts immunoprecipitated  with  anti-
receptor antibody (a, &) or anti-phosphotyrosine antibody (¢, ).
e-h, Whole-cell extracts immunoprecipitated with anti-phaos.
photyrosine antibody (£, 1) or with anti-phesphotyrosine antibody,
followed by anti-receptor antibody (g h).

Methods. Fao cells were grown in plastic tissue culture dishes
(15-cm diameter} containing 30 ml of RPMI 1640 medium [ Gibeo)
supplemented with 10% fetal bovine serum (Gibeo); 12 h before
each experiment, the culture medium was changed to serum-free
RPMI 1640, Confluent Fao cells were labelled for 2 h in 10 ml of
phosphate-free and serum-free RPMI 1640 medium containing
carrier-free **P-orthophosphate (0.5 mCiml™'; NEN], Cells were
incubated without (=) or with (+) insulin (100 aAM) at 37°C for
1 min, then the experiments were stopped quickly by removing the
incubation medium and freezing the cell monalayers with liguid
nitrogen. The monolayers were thawed and solubilized immedi-
ately at 4°C with 2ml of a solution containing 50 mM HEPES
PH 74, 1% Triton X-100, 10 mM sodium pyrophosphate, 100 mM
sodium fluoride, 4 mM EDTA, 2 mM sodium vanadate, | mg ml~'
aprotinin, and 2mM phenyimethylsulphony] fluoride. A super-
natant of the whole-cell extract was prepared by scraping the cells
from the dishes and sedimenting the insoluble material by centrifu-
gation at 50,000 r.p.m. in a Beckman 70.1 Ti rotor for 60 min
WGA-purified extracts were obtained by applying the supernatant
te & 0.5-cm diameter disposable column (BioRad) containing 0.2 ml
of WGA-agarose (Vector). The agarose was washed with 100 ml
of 50mM HEPES pH 7.4 containing 0.1% Triton X-100, 10 mM
sodium pyrophosphate, 10 mM sodiom fluoride, 4 mM EDTA and
2 mM sodium vanadate, and the bound glycoproteins were eluted
with two 0.5-m] portions of this wash solution containing 300 mM
N-acetylglucosamine (Sigma). Specific immunoprecipitates were
obtained from WGA-purified extracts (a-d) or from whole-cell
extracts {e-h) using anti-phosphotyrosine antibodies prepared
according to the method of Pang er al™, or anti-insulin receptor
antibodies (B2) obtained from patients''. After incubation with
the extract at 4°C for 2 h, the antibodies were immobilized on
Pansorbin {Calbiochem) and the precipitates were washed thres
times with a solution containing 50 mM HEPES, 1% Triton X-100
and 0.1% SDS. Proteins were eluted from the phosphotyrosine-
antibody complex by addition of 10 mM p-nitrophenylphosphate
to the wash solution * and from the anti-receptor antibody with
SDS-polyacrylamide gel electrophoresis{ PAGE) sample buffer’.
The eluted proteins were reduced with 100 mM dithiothreitol
(DTT; BioRad] and the phosphoproteins were separated by SDS-
PAGE on 7.5% resolving polyacrylamide gels as described pre-
viously™. The phosphoproteins were identified by autoradiography
I6 b exposure} of the stained and dried gels using Kodak X-Omat
film and an intensifying screen. The WGA-purified extract was
immunoprecipitated with anti-receptor antibody (a, &) or anti-
phosphotyrosine antibody (¢, d). The whole-cell extract was
immunoprecipitated with anti-phosphotyrosine antibody and the
precipitated phosphoproteins were either separated by PAGE (e, f)
of immunoprecipitated a second time with anti-receptor antibodies

before SD5-PAGE (g, k).

not recognized by this antibody, suggesting that it is a novel
insulin-stimulated phosphotyrosine-containing protein that is
antigenically distinct from the insulin receptor (Fig. 1f #). The







