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Tyrosine Phosphorylation of Phosphatase Inhibitor 2
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Abstract Inhibitor 2 is a heat-stable protein that complexes with the catalytic subunit of type-1 protein
phosphatase. The reversible phosphorylation of Thr 72 of the inhibitor in this complex has been shown to regulate
phosphatase activity. Here we show that inhibitor 2 can also be phasphorylated on tyrosine residues. Inhibitor 2 was
32p-labeled by the insulin receptor kinase in vitro, in the presence of polylysine. Phosphorylation of inhibitor 2 was
accompanied by decreased electropharetic mobility. Dephosphorylation of inhibitor 2 by tyrosine phosphatase 1B,
restored normal electrophoretic mobility. Phosphotyrosine in inhibitor 2 was detected by immunoblotting with
antiphosphotyrosine antibodies and phosphoamino acid analysis. In addition, following tryptic digestion, one predomi-
nant phosphopeptide was recovered at the anode. The ability of inhibitor 2 to inhibit type-1 phosphatase activity was
diminished with increasing phosphorylation up to a stoichiometry of 1 mole phosphate incorporated/mole of inhibitor
2, where inhibitory activity was completely lost. These data demonstrate that inhibitor 2 can be phosphorylated on
tyrosine residues by the insulin receptor kinase, resulting in a molecule with decreased ability to inhibit type-1

phosphatase activity. o 1995 Wiley-Liss, Inc.
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Insulin stimulates the phosphorylation of
some proteins while at the same time stimulat-
ing the dephosphorylation of other proteins
[Denton, 1990]. Most investigations have fo-
cused on the effects of insulin on protein ki-
nases, but recently a mechanism has been pro-
posed for activation of phosphatases in response
to insulin [Dent et al., 1990]. Protein phospha-
tases can be divided into distinct protein fami-
lies, tyrosine, and serine/threonine phosphata-
ses [see review, Shenolikar and Nairn, 1991].
Serine/threonine protein phosphatases have
been classified functionally into two groups: type
1 phosphatases, which are susceptible to inhibi-
tion by two heat-stable inhibitor proteins (inhibi-
tor 1 and inhibitor 2) and preferentially dephos-
phorylate the p-subunit of phosphorylase kinase;
and type 2 phosphatases, which are unaffected
by the inhibitor proteins and preferentially de-
phosphorylate the a-subunit of phosphorylase
kinase [Ingebritsen and Cohen, 1983].

One of the type 1 phosphatase inhibitor mol-
ecules, inhibitor 2, is currently thought to be
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present in the cytosol in a 1:1 heterodimer with
the catalytic subunit of type 1 phosphatase [Bal-
lou and Fisher, 1986; DePaoli, 1989]. However,
others have argued that the heterodimer is not
present in cells or fresh extracts, but rather is
formed during purification [Vandenheede et al.,
1989; Gruppuso et al., 1987; Brautigan et al,,
1991]. In the heterodimer, phosphorylation of
Thr 72 in inhibitor 2 by glycogen synthase ki-
nase 3 is rapidly followed by dephosphorylation,
triggering conformational changes in the cata-
lytic subunit, resulting in increased type 1 phos-
phatase activity [Li et al., 1985]. In addition,
inhibitor 2 is phosphorylated by casein kinase I1
on serines 86, 120, and 121, making it a better
substrate for glycogen synthase kinase 3, pro-
moting a further increase in activity of the Mg -
ATP-dependent phosphatase [DePaoli, 1984].
Inhibitor 2 has been reported to be phosphory-
lated on tyrosine residues in vitro by the insulin
receptor kinase, but no supporting data were
shown [Cohen et al., 1985]. We reexamined the
possibility that inhibitor 2 may be tyrosine phos-
phorylated. We report here that inhibitor 2 was
tyrosine phosphorylated by highly purified insu-
lin receptors in an insulin- and time-dependent
reaction. Phosphorylation decreased the electro-
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phoretic mobility of inhibitor 2, and inhibitor 2
activity decreased in parallel with increasing
tyrosine phosphorylation.

MATERIALS AND METHODS
Protein Purification

Bovine brain calmodulin was purified by stan-
dard methods [Gopalakrishna and Anderson,
1982]. Protein phosphatase inhibitor 2 was puri-
fied from rabbit skeletal muscle [Tonks and
Cohen, 1984] with a final chromatography step
on Mono @ (Pharmacia). Insulin receptors were
purified from human placenta (less than 1 hour
post partum) [Jo et al., 1992]. Tyrosine phospha-
tase 1B agarose was purchased from UBI (Lake
Placid, NY).

Antibody Preparations

Polyclonal antibodies were raised against in-
hibitor 2 in sheep and affinity-purified as previ-
ously described [Gruppuso et al., 1987]. Anti-
phosphotyrosine monoclonal antibodies were
purchased from UBI (Lake Placid, NY).

Phosphorylation Assays

Phosphorylation reactions were carried out in
100 ul buffer containing 50 mM Tris HCl, pH
7.5, 1 mM EGTA, 0.4 mM CaCl,, 0.1% Triton
X-100, 0-1 pM polylysine (PL), and inhibitor 2,
calmodulin, and insulin receptor as indicated.
Reactions were initiated with the addition of 1
mM (y32P)-ATP (250-500 cpm/mmol), incu-
bated for the times indicated at 30°C, and termi-
nated with 1 vol ice-cold 25% (w/v) trichloroace-
tic acid (T'CA) and processed for sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SD-
S-PAGE) as previously described [Sacks and
McDonald, 1989]. Following electrophoresis, gels
were either stained with Coomassie Blue, or
blotted onto Immobilon-P transfer membranes
[Gershoni and Palade, 1983]. Blots were probed
with antibodies to inhibitor 2 or phosphotyro-
sine and developed using the Bio-Rad alkaline
phosphatase-conjugated substrate kit. To calcu-
late the stoichiometry of inhibitor 2 phosphory-
lation the protein concentration was determined
by amino acid composition using a Waters Pico
Tag column on a Perkin-Elmer Series 4LC HPLC
with a Waters 715 Ultra Wisp Autoinjector. In
parallel experiments inhibitor 2 was phosphory-
lated with [y??P}-ATP. 32P-labeled inhibitor 2
was excised from 12.5% gels and 32P incorpora-
tion quantified by liquid scintillation counting.

Dephosphorylation of Inhibitor 2

In experiments requiring dephosphorylation
of inhibitor 2, phosphorylation of inhibitor 2
was terminated by heating samples in a boiling
water bath for 5 minutes thus destroying en-
zyme activity and utilizing the known heat sta-
bility of inhibitor 2. Samples were placed on ice
for 5 min, followed by a 5-min preincubation at
30°C. Dephosphorylation was initiated by the
addition of tyrosine phosphatase 1B agarose
(85-nM final concentration) or a similar volume
of agarose beads. Reactions were terminated
after 20 min by boiling in SDS sample buffer and
the reaction products separated on 12.5% SDS—
PAGE.

Phosphoamino Acid Analysis

Inhibitor 2 was excised from gels and washed
thoroughly in H,O, then in 50 mM NHHCO,.
The protein was digested with 10 wg TPCK
trypsin in 0.1 M N-ethylmorpholine acetate at
pH 8.5 overnight. The sample was dried, then
acid hydrolyzed for 30 min in 6 N HCl at 110°C,
Phosphoamino acids were separated by electro-
phoresis on Kodak Chromagram thin layer cellu-
lose plates at 1 kV for 60 min in water, acetic
acid, and pyridine (89:10:1) pH 3.5 [Boyle et al.,
1991].

Two-Dimensional Phosphopeptide Mapping

Inhibitor 2 was tryptically digested from SDS—
PAGE gel slices as described for phosphoamino
acid analysis. Samples were lyophilized and then
resuspended in water, glacial acetic acid, and
formic acid (89.7:7.8:2.5), at pH 1.9. Peptides
were separated in the first dimension by high-
voltage electrophoresis at pH 1.9 in the same
buffer and then by ascending chromatography
(n-butanol, pyridine, acetic acid, water; 60:40:48:
12) in the second dimension, as previously de-
scribed [Boyle et al., 1991].

Assay of Inhibitor 2 Activity

Inhibitor 2 activity was assayed using the
purified catalytic subunit of type 1 phosphatase
[Gruppuso et al., 1987]. Phosphatase activity
was monitored by measuring the release of 32P;
from labeled phosphorylase a. To assess the
effects of phosphorylation, inhibitor 2 (90 nM)
was incubated in phosphorylation reactions for
60 min. Control reactions were performed by
omitting a single component in the phosphoryla-
tion mixture. An additional control assay was
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performed in which an otherwise complete reac-
tion mixture had the ATP added after the 60-
min incubation and was immediately boiled (0
min phosphorylated). Reactions were termi-
nated by boiling for 5 min and assayed for inhibi-
tory activity after 1:10 dilution in the phospha-
tase assay. At this dilution nonphosphorylated
inhibitor 2 produced 50% inhibition of type 1
phosphatase activity and represents 100% of the
inhibitor activity in the assays. All assays were
performed in duplicate, with values within 5% of
one another.

RESULTS

Phosphatase inhibitor 2 was included in phos-
phorylation reactions in an attempt to deter-
mine its effect on calmodulin phosphorylation
by purified placental insulin receptors. As shown
in Figure 1, when calmodulin and inhibitor 2
were both present, inhibitor 2 was a better sub-
strate for the insulin receptor kinase than was
calmodulin (lanes 4 and 8). The concentration of
inhibitor 2 (0.6 wM) was one-half the concentra-
tion of calmodulin (1.2 uM) and was preferen-
tially labeled, while the phosphorylation of
calmodulin markedly decreased. This occurred
both in the absence (lanes 2 and 4) and in the
presence of insulin (lanes 6 and 8). Insulin in-
creased the phosphorylation of calmodulin alone
approximately twofold (lanes 2 and 6), consis-
tent with previous observations [Sacks and Mec-
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Donald, 1989]. Inhibitor 2 phosphorylation was
also increased by insulin (see Fig. 3). Phosphor-
ylation of inhibitor 2 or calmodulin by the insu-
lin receptor required the presence of polylysine.
In the absence of polylysine (Fig. 1, lanes 1, 3, 5,
7), there was no detectable phosphorylation.
Maximum phosphorylation of inhibitor 2 was
obtained at a concentration of 25 nM polylysine
(data not shown).

There was a decrease in electrophoretic mobil-
ity of inhibitor 2 that was dependent on the time
and extent of phosphorylation (Fig. 2). This
phosphorylation was performed with 0.2 pg in-
sulin receptor in the absence of added insulin.
As phosphorylation of inhibitor 2 increased over
time, the nonphosphorylated 31-kd band of rab-
bit skeletal muscle inhibitor 2 (migration indi-
cated in Fig. 2A) was converted to a 32P-labeled
band at 34 kd (Fig. 2A). The immunoblot probed
with antibody to inhibitor 2 (Fig. 2B) confirmed
that these bands represent different forms of
inhibitor 2. The phosphoprotein at 29 kDa (Figs.
2A, 3) was present in variable amounts in differ-
ent inhibitor 2 preparations and possibly repre-
sents a proteolytic fragment of inhibitor 2 or a
form that is fully dephosphorylated when puri-
fied. Although the 29-kd form was phosphory-
lated in a time-dependent manner, it repre-
sented a relatively minor amount of the inhibitor,
as determined by the weak immunostain with
the inhibitor 2 antibody (Fig. 2B). Interestingly,
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Fig. 1. Phosphorylation of inhibitor 2 and calmodulin by insu-
lin receptor kinase. Phosphorylation assays were performed for
2 hr at 30°C. Calmodulin (1.2 pM) and insulin receptor were
present in all lanes. Inhibitor 2 (0.6 uM), 60 nM polylysine (PL)
and 3 nM insulin were added as indicated. An autoradiograph is
shown of the reaction products after separation by polyacryl-
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amide gel electrophoresis. Arrows indicate the migration of
phosphorylated calmodulin (CaM-PO,), nonphosphorylated in-
hibitor 2 (12) and phosphorylated inhibitor 2 (12-PO,). The
migration of molecular weight standards (kDa) are indicated on
the left margin.
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its mobility did not seem to be affected by phos-
phorylation. Inhibitor 2 phosphorylation by the
insulin receptor was insulin concentration de-
pendent (Fig. 3). Quantitation by laser densitom-
etry of multiple independent experiments gave a
Ky 5 of approximately 3 nM insulin. The appar-
ent decreased electrophoretic mobility of inhibi-
tor 2 is not readily apparent in Figure 3, since
inhibitor 2 is phosphorylated in all lanes shown.
A 34-kd form of inhibitor 2 is not readily discern-
ible in this Figure (cf. Figs. 2, 3), but was pres-
ent on the original autoradiograph. The migra-
tion of nonphosphorylated inhibitor 2 is indicated
(I 2 arrow). The stimulation of inhibitor 2 phos-
phorylation by insulin (and the stoichiometry of
labeling), was variable in different receptor
preparations, ranging from 2- to 10-fold. This
may be due to partial activation of the insulin
receptor kinase during purification and loss of
activity during storage [Fujita-Yamaguchi et al.,
1989a]. The experiments illustrated in Figures
2 and 3 were conducted with the same amount
of insulin receptor from different preparations.

In a separate set of experiments, inhibitor 2
was phosphorylated in a similar manner, then
incubated in the presence or absence of tyrosine
phosphatase 1B (Fig. 4). Phosphorylation of in-
hibitor 2 resulted in the characteristic decrease
in electrophoretic mobility (Fig. 4; ¢f. lane 4 to
controls, lanes 1-3). Subsequent dephosphoryla-
tion of inhibitor 2 by tyrosine phosphatase 1B
(Fig. 4, cf. lane 5 to lane 4) restored the electro-
phoretic mobility of inhibitor 2 to normal
(M, = 31 kDa) (Fig. 4; cf. lane 5 to lanes 1-3).
The immunostained inhibitor 2 in lane 5 ap-
pears to be decreased. However, this apparent
decrease was not evident in Coomassie-stained
gels (data not shown).

Inhibitor 2 was phosphorylated almost exclu-
sively on tyrosine residues by the highly purified
insulin receptor kinase. That tyrosine was phos-
phorylated was first shown using antiphosphoty-
rosine antibodies (data not shown). The phospho-
tyrosine immunostaining of inhibitor 2 was
competitively inhibited by incubating blots with
the phosphotyrosine antibody plus 10 mM
0-phospho-L-tyrosine indicating its specificity
(data not shown). Independently, phosphoamino
acid analysis of inhibitor 2 that was phosphory-
lated by the purified insulin receptor kinase in
the presence of polylysine as described above
demonstrated that phosphotyrosine was the ma-
jor product (Fig. 5A, lane b). Two-dimensional
separation of tryptic peptides of 32P-labeled in-

hibitor 2 revealed one major (immobile) and one
minor highly acidic phosphopeptide both of
which migrated toward the anode at pH 1.9 (Fig.
5B), while a cyanogen bromide digest of 32P-
labeled inhibitor 2 resulted in a single highly
acidic phosphopeptide which also migrated to-
ward the anode (data not shown).

Tyrosine phosphorylation of inhibitor 2 re-
duced its ability to inhibit type 1 phosphatase
activity. Type 1 phosphatase activity was as-
sayed using 2P-labeled phosphorylase a as sub-
strate [Gruppuso et al., 1985]. The amount of
inhibitory activity in separate controls that omit-
ted either insulin receptor, polylysine, or ATP
were approximately the same in different experi-
ments (column 1). Phosphorylation reactions
(60 min phosphorylated) produced variable
changes in inhibitory activity. In three separate
experiments (Fig. 6, columns 2-4), the relative
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Fig. 2. Time course of phosphorylation of inhibitor 2. In the
experiments shown in panels A and B, inhibitor 2 was phos-
phorylated in a 100-l reaction volume in the absence of insulin
with 0.2 ug of insulin receptor for 1, 5, 10, and 20 min, as
described in the Materials and Methods, in the presence of 25
nM polylysine. Migration of nonphosphorylated inhibitor 2 is
marked (closed arrow). The reaction products were separated
by polyacrylamide gel electrophoresis, proteins transferred to
Immobilon-P, and probed with the affinity-purified inhibitor 2
antibody. A: Autoradiograph. B: Alkaline phosphatase-stained
immunoblot. Migration of the 24-, 36+, and 47-kd M, standards
are shown on the left margin.
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Fig. 3. Insulin dependence of inhibitor 2 phosphorylation. The
insulin dependence of inhibitor 2 phosphorylation was exam-
ined by phosphorylating with 0.2-pg-purified placental insulin
receptor at 30°C for 5 min in the presence of 25 nM polylysine
and increasing concentrations of insulin, as indicated in a
100- ! reaction volume. Migration of nonphosphorylated inhibi-
tor 2 is marked (closed arrow). The reaction products were
separated by electrophoresis on a polyacrylamide gel and an
autoradiograph was obtained. Migration of the 24-, 33-, and
47-kd molecular-weight standards are shown in the left margin.
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Fig. 4. Tyrosine phosphorylated inhibitor 2 is dephosphory-
lated by tyrosine phosphatase 1B. Inhibitor 2 (0.35 wM) was
phosphorylated by purified insulin receptor kinase (0.2 pg) for
0 min (lanes 2, 3) or 60 min (lanes 4, 5). Lane 1, three separate
controls in which either insulin receptor, ATP or polylysine, was
deleted from the reaction. Reactions were terminated by boiling
for 5 min. Following 5 min on ice, samples were incubated in
the absence (lanes 1, 2, 4) or presence (lanes 3, 5) of tyrosine
phosphatase 1B (85 nM) for 20 min. Reactions were terminated
by boiling with SDS—PAGE sample buffer, the reaction products
were separated on 12.5% polyacrylamide gels and then trans-
ferred to Immobilon and probed with polyclonal inhibitor 2
antibody.

change in inhibitor 2 activity was inversely re-
lated to the stoichiometries of phosphorylation
of inhibitor 2. The activity of phosphorylated
inhibitor ranged from 73% to 5% of nonphos-
phorylated inhibitor 2 activity, while the stoichi-
ometry of phosphorylation of inhibitor 2 in the
same experiments ranged from 0.40 to 1.06 mol
phosphate/mol of inhibitor 2. The relationship
between the phosphotyrosine content of inhibi-
tor 2 and the phosphatase inhibitory activity of
inhibitor 2 is shown in Figure 6. In each case
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Fig. 5. Phosphotyrosine in inhibitor 2. Inhibitor 2 was phos-
phorylated by the purified insulin receptor (0.2 ng) in the
presence of insulin and polylysine in a 100-pl reaction volume.
Phosphorylated inhibitor 2 was then digested from polyacryl-
amide gels with TPCK trypsin and either acid hydrolysed and
mixed with 1.5 pg each of phosphoamino acid standards (A) or
separated by two-dimensional phosphopeptide mapping (B).
Lane a (A) illustrates the ninhydrin-stained celiulose plate of
inhibitor 2 after high-voltage electrophoresis, while lane b
represents the corresponding autoradiogram. B: Autoradiogram
obtained from phosphopeptides separated by electrophoresis
in the first dimension at pH 1.9 and by ascending chromatogra-
phy (n-butanol, pyridine, acetic acid, water; 60:40:48:12) in
the second dimension. The anode (+) and cathode (—) are
shown at the bottom.
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Fig. 6. Effect of tyrosine phosphorylation on phosphatase
inhibitor 2 activity. The bar graph shows the relative change in
units of phosphatase inhibitor 2 activity (solid bar) as a function
of the stoichiometry of inhibitor 2 phosphorylation (stippled
bar). Inhibitor activity is presented as the percentage of inhibi-
tor activity remaining (1.0 being 100% of inhibitor 2 activity or
1.0 mol phosphate/mol inhibitor 2). Column 1 represents the
average of three separate nonphosphorylated controls (100% of
inhibitor activity), while columns 2, 3, and 4 represent the
results of three separate phosphorylation experiments con-
ducted with three separate preparations of insulin receptor.

tyrosine phosphorylation diminished the phos-
phatase inhibitory activity of inhibitor 2.

DISCUSSION

Tyrosine phosphorylation of inhibitor 2 is con-
sistent with our previous studies using highly
purified insulin receptor preparations, in which
phosphorylation of calmodulin occurs almost
exclusively on tyrosine residues [Sacks et al,
1989a; Sacks and McDonald, 1989]. Phosphory-
lation of inhibitor 2 by the insulin receptor
kinase requires the basic polypeptide, polyly-
sine. This requirement has been reported previ-
ously [Fuyjita-Yamaguchi et al., 1989a] for the
phosphorylation of calmodulin by the insulin
receptor kinase, but its significance is unknown.
Polylysine and other polybasic proteins (i.e.,
polyarginine, protamine sulfate) activate a num-
ber of protein kinases (including the insulin
receptor kinase) directly and, in the case of
calmodulin, also interact with the substrate. It
has been proposed that endogenous basic poly-
peptides may play an analogous regulatory role
in the intact cell. One such peptide, the basic
peptide tail of the c-Ki-ras oncogene product, is
capable of substituting for polylysine in the in
vitro system for the phosphorylation of calmodu-
lin by the insulin receptor kinase [Fujita-
Yamaguchi et al., 1989a,b; Sacks et al., 1989b).

Phosphorylation of purified skeletal muscle
inhibitor 2 by the insulin receptor kinase de-
creased the electrophoretic mobility of inhibitor
2 and resulted in multiple phosphorylated bands
of inhibitor 2. Each band presumably repre-
sented inhibitor 2 that was differentially phos-
phorylated. The phosphorylation of individual
bands varied somewhat between preparations of
inhibitor 2 and insulin receptor. However, the
electrophoretic mobility of inhibitor 2 was al-
tered substantially in each experiment. Phos-
phoamino acid analysis clearly demonstrated
that >95% of the 3P incorporated was in tyro-
sine. Phosphopeptide mapping was performed
to determine if multiple tyrosines were phos-
phorylated. Tryptic phosphopeptide maps dem-
onstrated a single, mobile phosphopeptide mi-
grating at the anode. Migration of the
phosphopeptide at the anode suggested that the
peptide is multiply phosphorylated leading to
the hypothesis that the phosphorylated tyrosine
residue(s) probably resided in the only tryptic
peptide, residues 67-101, which contains 2 tyro-
sine residues (75 and 85). Subsequent cleavage
with cyanogen bromide, which cleaves between
methionine 77 and isoleucine 78 [Holmes et al.,
1986], also resulted in a single phosphopeptide
migrating at the anode. We interpret this as
evidence that one tyrosine residue was 32P phos-
phorylated in this reaction. We speculate that
Tyr 85 in the sequence G,uDDDDAYSg; is phos-
phorylated because acidic sequences are pre-
ferred by tyrosine kinases. However, the peptide
may also contain endogenously phosphorylated
residues because of the multiple species of phos-
phorylated inhibitor 2 seen on SDS-PAGE. The
endogenous phosphorylation state of inhibitor 2
purified from rabbit skeletal muscle utilized in
these in vitro experiments was not determined.
Inhibitor 2 has been reported to be phosphory-
lated on serine residues based on fast atom
bombardment mass spectrometry [Holmes et
al., 19871, while others have reported that inhibi-
tor 2 was phosphorylated on both serine and
threonine residues [DePaoli-Roach, 1984;
Holmes et al., 1987; Ballou et al., 1983; Resink
et al., 1983; Lawrence et al., 1988]. It seems
reasonable that the endogenous phosphoryla-
tion state of purified inhibitor 2 would be vari-
able in view of these reports. Thus, we believe
that our data are consistent with 32P labeling of
a single tyrosine residue (probably Tyr 85) and
that variations in the electrophoretic mobility of
inhibitor 2 are most likely due to variations in
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the endogenous phosphorylation state of the
purified inhibitor 2. We cannot rule out the
possibility that serine and/or threonine phos-
phorylation is required for the tyrosine phos-
phorylation observed in these studies.

The tyrosine phosphorylation dependent de-
crease in inhibitor 2 activity is novel. The data
presented in Figure 6 was obtained with 3 sepa-
rate preparations of insulin receptor. The differ-
ences in stoichiometry of phosphorylation of
inhibitor 2 were intended to illustrate the rela-
tionship between extent of tyrosine phosphory-
lation and phosphatase inhibitory activity of
inhibitor 2. These data become more compelling
with experiments demonstrating that the de-
creased electrophoretic mobility in response to
phosphorylation is reversed upon incubation
with the tyrosine-specific phosphatase, PTP 1B.
While in vitro tyrosine phosphorylation of inhibi-
tor 2 has been reported in the literature, no data
was presented {Cohen et al., 1985] and convine-
ing evidence of tyrosine phosphorylation of in-
hibitor 2 in vivo has not been reported in the
literature, although it has been reported in an
abstract [Williams et al.,, 1992]. The data pre-
sented here does not prove that the insulin
receptor is the ‘“physiological tyrosine kinase”
but simply indicate that tyrosine phosphoryla-
tion of inhibitor 2 can regulate the phosphatase
inhibitory activity of this protein and suggest
that this modification may prove to be impor-
tant in the signal transduction process of cells.

Considerable post-homogenization dephos-
phorylation of phosphotyrosine residues has
been reported even in the presence of standard
phosphatase inhibitors [Kamps and Sefton, 1988;
Levenson and Blackshear, 1989]; therefore, it
should not be assumed that tyrosine phosphory-
lation does not occur. However, conditions by
which the tyrosine phosphorylation state of en-
dogenous proteins may be more efficiently pre-
served in whole cells remain to be elucidated.
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