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ABSTRACT: We have compared  here the reversibility of
phosphorylation of insulin receptors either partially purified
by lectin chromatography, or highly purified by specific
immunoprecipitation with anti-receptor antibodies. We found
that the B8 subunit of partially purified insulin receptors was
rapidly dephosphorylated (t %= 15 min). In contrast, the level
of phosphorylation of immunoprecipitated receptors remained
unchanged for up to 4 hours at 37°C. However, cytosolic
phosphatases, which are inhibited by wvanadate, were able to
induce a complete dephosphorylation of immunoprecipitated
receptors. These results show that 1. phosphorylation of
insulin receptors 1is reversible; and 2. no phosphatase activity
is contained in the insulin receptor structure itself.

The native insulin receptor 1is a glycoprotein complex
composed of two M_ 130,000 (¢) and two M. 95,000 (8) subu-
nits linked together by disulphide bonds. Binding of insulin to
its receptors located on the plasma membrane of target cells
triggers an array of biochemical events culminating in the
final bioclogical effects of the hormone (1). In search of
initial events in the mechanism of insulin action, different
laboratories, including our cown, have reported that insulin
enhances the phosphorylation of the B8 subunit of its
receptor both in intact cells (2, 3) and cell-free systems
(3-6). Further, the identification of an ATP binding site on

the B8 receptor subunit (6-8), and the demonstration that
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partially purified (9) and immunoprecipitated receptors (10)
can catalyse the phosphorylation of exogenous substrates
strongly indicate +that the insulin receptor in an insulin-
activated protein kinase. It has become also clear that the
reversible covalent modification of enzymes and regulatory
proteins through phosphorylation and dephosphorylation
represents a critical post-translational mechanism of control
for the regulation of various biological processes (11).
Likewise, for the biological relevance of the concept of
insulin receptor phosphorylation as crucial early step in
insulin action, the covalent modification of the receptor must
be reversible, and regulated by cellular protein phosphatases.
In the present work, we have addressed the following questions
of (i) the reversibility of the insulin receptor phosphory-
lation, and (ii) the existence of a putative protein

phosphatase activity associated with the insulin receptor.

MATERIALS AND METHODS

Materials Porcine insulin (monocomponent) was purchased from
Novo (Copenhagen, Denmark); collagenase (type II) was from
Worthington; Nonidet P-40, adenosine 5'-triphosphate, N-acetyl

D-glucosamine, wheat germ agglutinin-agarose, bovine serum
albumin (fraction V), and bacitracin were from Sigma. Adenosine
5'—-(y-%2?pP)triphosphate, triethylammonium salt (agueous

solution, 5,000 Ci/mmol) was from the Radiochemical Centre
Amersham, (U.K.); Staphylococcus aureus cells (Pansorbin)} from
Calbiochem-Behring. All reagents for sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) were purchased
from Biorad. Serum from patient B, with autoantibodies to the
insulin receptor was a generous gift from C.R. Kahn (Joslin
Research Laboratory, Boston, MA, USA) (1).

Methods Insulin receptors were partially purified from male
Wistar rat livers (3, 6) and immunoprecipitated with specific
anti-receptor antibodies and protein A (Pansorbin) as
previously described (3, 6, 12).

Phosphorylation and dephosphorylation of insulin
receptors: partially purified or immunoprecipitated insulin
receptors were incubated in a reaction mixture containing Hepes
(20 mM; pH 7.6), NaCl (30 mM), MnCl, (4 mM), MgCl, (8 mM),
and, if present, insulin (0.1 uM). To allow for insulin
binding, the tubes were incubated for 2 hr at 20°C. Thereafter,
the phosphorylation reaction was initiated by the addition of
(v3*2P) ATP (20 uM). The reaction tubes were incubated for 15
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min at 24°C. The reaction was terminated by addition of
unlabeled ATP at a final concentration of 20mM. To study
dephosphorylation, the phosphorylated, partially purified or
immunoprecipitated, receptors were incubated. in the presence of
unlabeled ATP, MnCl,, and MgCl, at final concentrations of 5
mM, 4 mM, and 8 mM, respectively. At different time-intervals
aliquots were taken and the reaction stopped by addition of
boiling SDS solution.

Polyacrylamide Gel Electrophoresis and Autoradiography:
aliquots of the phosphorylated partially purified or immunopre-
cipitated insulin receptors were boiled for 5 min in a solution
containing 3% (w/v) 8SDS, 10% (v/v) glycerol, 10 mM sodium
phosphate, 2% (v/v) 2-mercaptoethanol, and 0.01% bromophenol
blue. The aliquots were analyzed by one-dimensional SDS-PAGE as
described by Laemmli (13), with a 5-15% linear gradient of
acrylamide or a 7.5% acrylamide gel as the resolving gel. The
Mr of the standards used were: myosin, 200,000; B
gafactosidase, 116,000; phosphorylase B, 94,000; bovine serum
albumin, 67,000; ovalbumin, 43,000; carbonic anhydrase, 30,000;
soybean trypsin inhibitor, 20,000; and lysozyme, 14,400. The
gels were processed as described (3, 6). The autoradiograms
were scanned in a microdensitometer (Gelman) for quantitative
analysis.

RESULTS

1. Partially purified insulin receptors.

We first investigated whether partially purified insulin
receptors obtained by wheat germ lectin chromatography could be
dephosphorylated. To this end partially purified receptors were
first incubated with (7—32P)ATP together with insulin tc allow
for maximal phosphorylation of the insulin receptor. As we have
previously demonstrated (3, 6) and as shown in figure 1, lane
A, the g-subunit of the insulin receptor with Mr 94,000 1is
found to be heavily phosphorylated under these conditions.
Evidence that this polypeptide with IVIr 94,000 is indeed the
g subunit of the insulin receptor is shown in fig. 2, where the
phosphorylated partially purified receptors were immuno-
precipitated with highly specific autoantibodies to the insulin
receptor. When the phosphorylated partially purified insulin
receptors were incubated at 24°C in the presence of an excess
of wunlabeled ATP, a rapid decrease in the labeling of the
8 insulin receptor subunit was observed (fig. 1 and 2). Thus,

quantitative scanning revealed a loss in 3213 from the 8 subunit
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FIG. 1 Dephosphorylation of ©partially purified insulin
receptors. Partially purified insulin receptors were first
phosphorylated and then incubated with a large quantity of
unlabeled ATP to study dephosphorylation as described under
Materials and Methods. At different time-intervals aliquots
were taken, the reaction was stopped with boiling SDS solution
and the phosphoproteins were analysed by one-dimensional SDS-
PAGE under reducing conditions. An autoradiogram of the gel is
shown.
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FIG. 2 Immunoprecipitation of partially purified insulin
receptors after dephosphorylation. Partially purified insulin
receptors were phosphorylated and dephosphorylated as described
in the legend to fig. 1. At different time-intervals during the
dephosphorylation the reaction was stopped by addition of EDTA
and NaF at final concentrations of 30 mM and 100 mM,
respectively. The insulin receptors were then specifically
immunoprecipitated with anti-receptor antibodies as previously
described (3, 6), and the immunoprecipitates were analysed by
SDS-PAGE. An autoradiogram of the gel is shown.
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noticeable after one min, and a t)% of dephosphorylation of
approximately 15 minutes. This dephosphorylation was unaltered
in the presence of insulin {data not shown).

2. Immunoprecipitated insulin receptors.

In this experiment, partially purified receptors were
first cspecifically precipitated with anti-receptor antibodies,
and then labeled with (7—32P)ATP. After addition of an excess
of unlabeled ATP to study putative dephosphorylation, the
immunoprecipitated receptors were incubated either at 24° or
37°C. As shown in figure 3 and 4, the level of phosphorylation
of the immunoprecipitated B8 insulin receptor subunit remained

stable for a period up to 4 hours at 37°C. Similar results were
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FIG. 3 Dephosphorylation of immunoprecipitated insulin
receptors. Partially purified insulin receptors were immuno-
precipitated with anti-receptor antibodies as described (3, 6).
After phosphorylation the immunoprecipitated insulin receptors
were incubated with unlabeled ATP to study putative dephosphory-
lation. At different time intervals aliquots were taken, the
reaction was stopped with a boiling SDS solution, and the
immunoprecipitated receptors were analysed by SDS-PAGE. An
autoradiogram of the gel is shown.
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FIG. 4 Dephosphorylation of immunoprecipitated receptors in the
presence of insulin or amiloride. The experiment is identical
to the one described in the legend to fig. 3, except that
durigg the chase experiment buffer (lq_t panel), or insulin
(10" °M) (middle panel), or amiloride (10 “M) (right panel) were
present.

found at 24°C {(data not shown). Further, neither insulin nor
amiloride, which has been shown to activate hepatic
phosphatases (14), affected the dephosphorylation of the
insulin receptor (fig. 4). To address the question of the
reversibility of the phosphorylation of insulin receptors
purified by specific immunoprecipitation, we studied the effect
of cytosolic phosphatases. As shown in figure 5, when a cytosol
prepared from hepatocytes was added to phosphorylated immunopre-
cipitated insulin receptors, a virtually total dephos-
phorylation of the 8 receptor subunit was observed. Further,
the action of the cytosolic phosphatases was completely blocked

by the addition of vanadate (fig. 5, lane 8).

DISCUSSION
Insulin binds to its specific receptor and activates a
protein kinase that catalyses the phosphorylation of its own
receptor both in intact cells (2, 3), and cell-free systems

consisting of partially purified (3-9) or highly purified
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FIG. 5 Effect of cytosolic phosphatases on dephosphorylation of
immunoprecipitated insulin receptors. Partially purified
receptors were exposed to normal serum (N serum) or anti-
receptor serum (anti-R). The immunoprecipitates obtained after
additionséd‘ protein A were washed, and thereafter incubated
with [vy-"“P]ATP. After 60 min at 4°C we added a cytosol derived

fromsrat hepatocytes and .supplemented with buffer, or insulin
(10”7

M), or vanadate (10 "M) as indicated. After 30 min at 4°C
the reaction was stopped by addition of a boiling SDS solution
and the phosphoproteins were analysed by SDS-PAGE. An
autoradiogram of the gel is shown.

insulin receptors (5, 6). Further, using covalent affinity
labeling techniques we and others have identified an ATP
binding site on the 8 subunit of the insulin receptor,
indicating that the insulin receptor itself is a protein kinase
capable of self-phosphorylation (6-8).

To approach the possible regulatory role of insulin
receptor phosphorylation in insulin action, we have studied
here the reversibility of this covalent modification. We show
that a phosphatase activity co-purifies with the insulin
receptor on lectin chromatography, but this enzymatic activity
is no 1longer detected in highly purified receptors indicating
that it is not an integral constituent of the receptor
molecule. However, the highly purified insulin receptor remains
very sensitive to phosphatases present in cytosols derived from

hepatocytes. Insulin receptor phosphorylation is thus endowed
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with the necessary reversibility requirements for a regulatory
event in insulin action. Further, the cytosolic phosphatases,
which dephosphorylate the insulin receptor, can be inhibited by
vanadate. Vanadate has been shown to oppose a variety of
enzymatic reactions in relation to phosphorylation and dephos-
phorylation of proteins including Na+, x* ATPase, myosin
ATPase, dynein  ATPase, alcaline and acid phosphatases,
adenylate kinase, and phosphofructokinase (15, 16). Almost all
of these enzymes are phosphohydrolases, and a phosphoenzyme
intermediate plays often a role in the mechanism of action of
these enzymes. The precise mode of action of vanadate is not
established, but current evidence indicates that vanadate
competes with phosphate for the enzyme-binding site (15). More
recently, vanadate has also been shown to inhibit membrane
phosphotyrosyl-protein phosphatase activity of A-431 cell
membranes (17), and to increase the net phosphorylation of the
insulin receptor in adipocytes (18). In the present study we
have confirmed and extended this 1last observation, which is
particularly intriguing in the 1light of the insulin-like
effects of vanadate as shown by Dubyak and Kleinzeller (19),
and Shechter and Karlish (20). Indeed, our data indicate that
vanadate is able to inhibit cytosolic phosphatases resulting in
an apparent increased phosphorylation of the insulin receptor.
The evidence presented here together with our previously
published data (3, 6, 10) clearly indicate that insulin and the
insulin-like agent, vanadate, affect insulin receptor phospho-
rylation by toctally opposite mechanisms. Indeed, insulin
activites a protein kinase contained in the receptor itself
leading to self-phosphorylation, whereas vanadate inhibits a
phosphatase activity which is not a constituent of the insulin

receptor. The fact that both, insulin and the insulin-like
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agent, vanadate, lead to increased receptor phosphorylation and

insulin's bioclogical effects, makes 1t tempting to envisage

that receptor phosphorylation is indeed a necessary early step

in insulin action.
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