
Differential Regulation of Multiple Hepatic Protein
Tyrosine Phosphatases in Alloxan Diabetic Rats

Joan M. Boylan,*" David L. Brautigan,* Jane Madden,$ Thomas Raven,l Leland Ellis,11' and Philip A. Gruppuso**
*Section of Biochemistry, Division of Biology and Medicine, Brown University, Providence, Rhode Island 02912; *Department of
Pediatrics, Rhode Island Hospital, Providence, Rhode Island 02903; Biochemistry Department, Glaxo Group Research Limited,
Greenford, Middlesex, UB6OHE, United Kingdom; and I1Howard Hughes Medical Institute and Department of Biochemistry, University
of Texas Southwestern Medical Center, Dallas, Texas 75235-9050

Abstract

The involvement of tyrosine phosphorylation in insulin action
led us to hypothesize that increased activity of protein tyrosine
phosphatases (PTPases) might contribute to insulin resistance
in alloxan diabetes in the rat. Hepatic PTPase activity was
measured using two artificial substrates phosphorylated on ty-
rosine: reduced, carboxyamidomethylated, and maleylated ly-
sozyme (P-Tyr-RCML) and myelin basic protein (P-Tyr-
MBP), as well as an autophosphorylated 48-kD insulin recep-
tor tyrosine kinase domain (P-Tyr-IRKD). Rats that were made
alloxan diabetic exhibited a significant increase in hepatic
membrane (detergent-soluble) PTPase activity measured with
P-Tyr-MBP, without a change in activity measured with P-
Tyr-RCML or the P-Tyr-IRKD. The PTPase active with P-
Tyr-MBP behaved as a high molecular weight peak during gel
filtration chromatography. Characterization of this enzyme in-
dicated it shared properties with CD45, the prototype for a
class of transmembrane, receptor-like PTPases. Our results
indicate that alloxan diabetes in the rat is associated with an
increase in the activity of a large, membrane-associated
PTPase which accounts for only a small proportion of insulin
receptor tyrosine dephosphorylation. Nonetheless, increased
activity of this PTPase may oppose tyrosine kinase-mediated
insulin signal transmission, thus contributing to insulin resis-
tance. (J. Clin. Invest. 1992.90:174-179.) Key words: protein
tyrosine phosphatases * diabetes * insulin * hormone receptors

Introduction

The insulin receptor is a tyrosine specific protein kinase that is
activated by autophosphorylation after the binding of insulin
(reviewed by Rosen [1]). Although the specific events that fol-
low insulin receptor tyrosine kinase activation have not been

Address correspondence and reprint requests to Dr. Philip A. Grup-
puso, Pediatric Endocrinology and Metabolism, Rhode Island Hospi-
tal, 593 Eddy Street, Providence, RI 02903. The present address of Dr.
Leland Ellis is Institute of Biosciences and Technology, Texas A & M
University, 2121 Holcombe, Houston, TX 77030.

Receivedfor publication 4 June 1991 and in revisedform 26 Febru-
ary 1992.

elucidated, protein tyrosine phosphatases (PTPases)l may be
involved in attenuating insulin effects by reversing tyrosine
phosphorylation. Increased PTPase activity might lead to resis-
tance to the metabolic and/or anabolic effects of insulin via
dephosphorylation of the autophosphorylated receptor kinase
or its substrates. Such a hypothesis is supported by recent stud-
ies showing that injection of PTPase into oocytes delays the
action of insulin on maturation (2).

Available sequence information shows that PTPases fall
into two broad categories (reviewed by Fischer et al. [3]): (a)
those that have one catalytic domain (50,000 Me); and (b) those
which have one or two intracellular catalytic domains, a single
membrane spanning region, and an external NH2-terminal re-
gion (160,000-200,000 Me). These intracellular versus trans-
membrane PTPases show different substrate specificity.
PTPase lB from human placenta, a catalytic fragment of an
intracellular PTPase, was shown to be specific for phosphoty-
rosine (Tyr[P]) containing proteins. However, it exhibited a
relative lack of selectivity for the protein bearing the Tyr(P)
residue, showing similar specific activities and Km for several
artificial substrates tested; reduced carboxyamidomethylated
and maleylated lysozyme (P-Tyr-RCML), reduced carboxya-
midomethylated and succinylated bovine serum albumin (P-
Tyr-RCS-BSA), both polyacidic substrates, and myelin basic
protein (P-Tyr-MBP), a polybasic substrate (4). In contrast,
CD45, a leukocyte transmembrane PTPase, exhibited less than
5% of the specific activity of PTPase lB when using P-Tyr-
RCMLas substrate (5). However, with P-Tyr-MBP as sub-
strate, CD45 had - 2.5-fold higher specific activity than
PTPase lB.

Wehave previously reported the effects of alloxan diabetes
on rat hepatic PTPase activity measured using the polyacidic
substrates P-Tyr-RCML and P-Tyr-poly[glutamic acid:tyro-
sine (4:1)] (P-Tyr-polyEY) (6). Our data indicated no changes
in PTPase activity in various subcellular fractions; cytosol,
membrane (detergent soluble), and cytoskeleton (detergent in-
soluble, extracted with 0.6 MKC1). PTPase measured with
these substrates was consistent with assignment of activity to
an enzyme or enzymes similar to human placental PTPase lB
(5). Subsequent to these studies we undertook the characteriza-

1. Abbreviations used in this paper: IRKD, insulin receptor tyrosine
kinase domain; LAR, leukocyte antigen related; PTPases, protein tyro-
sine phosphatases; P-Tyr-polyEY, poly(glutamic acid: tyrosine [4:1])
phosphorylated on tyrosine; P-Tyr-IRKD, IRKD phosphorylated on
IRKD; P-Tyr-MBP, myelin basic protein phosphorylated on tyrosine;
P-Tyr-RCML, reduced carboxyamidomethylated and maleylated lyso-
zyme phosphorylated on tyrosine; Tyr(P), phosphotyrosine.
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tion of rat liver PTPases (7) and found several distinct mem-
brane PTPases. PTPases I and II partially purified from rat
liver extracts could be separated by poly-L-lysine agarose affin-
ity chromatography. Their characteristics included molecular
mass ranging from 40 to 85 kD, based on gel filtration chroma-
tography, and a 6- to 10-fold greater activity with P-Tyr-RCML
than with P-Tyr-MBP. Also present during poly-L-lysine chro-
matography of membrane proteins was a major peak of P-Tyr-
MBPPTPase activity that showed little activity with P-Tyr-
RCML. This activity, designated PTPase III, was 400 kD as

estimated by gel filtration chromatography. Because of the sub-
strate specificities of these enzymes, and the exclusive use of
polyacidic substrates in our earlier experiments on alloxan dia-
betes, an effect on the class of transmembrane PTPases with
preference for polybasic substrates could not be ruled out. We
therefore undertook the present studies to determine the effects
of alloxan diabetes on the latter class of hepatic PTPases.

Methods

Animal studies. Male Sprague-Dawley rats (Charles River Laborato-
ries, Wilmington, MA) weighing 150-175 g were made diabetic by the
intravenous administration of alloxan, 65 mg/kg, as described previ-
ously (6). This model of diabetes produces hyperglycemia, insulino-
penia, and elevated plasma beta-hydroxybutyrate concentrations, al-
though ketonemia is insufficient to produce acidosis (6). A separate
group of alloxan diabetic animals was treated with insulin (2 U recombi-
nant human insulin [Humulin; Eli Lilly and Co., Indianapolis, IN] i.p.
every 12 h) beginning 3 d after alloxan injection for 48 h before killing
(6). As a control for alloxan diabetes, which is associated with weight
loss, a group of animals was fasted for 48 h (ad lib. water intake).

The method of Williams et al. (8) was used to prepare unfraction-
ated membranes from individual fresh livers. The supernatants from
membrane preparations were retained for measurement of soluble (cy-
tosolic) activity. Detergent extracts of membrane preparations, referred
to as the membrane fraction, were made by diluting 1 vol of the unfrac-
tionated membrane suspension (10 mgprotein/ml) with 1 vol 50 mM
Hepes, pH 7.4, 2%(vol/vol) Triton X- 100. After 5 min on ice, insoluble
material was collected by centrifugation at 40,000 g for 20 min and
extracted with 0.5 vol 25 mMHepes, pH 7.4, 0.6 MKCl. This second
extract, clarified by centrifugation at 40,000 g for 20 min, is referred to
as the cytoskeletal fraction. Protein concentrations were determined by
the bicinchoninic acid method (BCA, Pierce Chem. Co., Rockford, IL)
using BSA as standard.

PTPase assays. PTPase activity was measured as the release of 32Pi
from artificial substrates phosphorylated on tyrosine (9). The present
studies used P-Tyr-RCML and P-Tyr-MBP as substrates. Dephosphor-
ylation of the artificial substrates was measured at a final Tyr(P) con-
centration of 1 MM(specific radioactivity, - 400 cpm/pmol) in the
presence of 1 mMethylenediaminetetraacetate and 15 mM2-mercap-
toethanol. Dephosphorylation of P-Tyr-RCML and P-Tyr-MBP is lin-
ear to - 40%. Samples were diluted for assay to maintain substrate
dephosphorylation in the linear range.

PTPase activity was also measured with the autophosphorylated
insulin receptor tyrosine kinase domain (P-Tyr-IRKD) as substrate.
The 48-kD IRKD, purified from Sf9 cells after transfection with bacu-
lovirus expressing this domain, represents the intracellular domain of
the insulin receptor beta subunit, lacking only eight amino acids adja-
cent to the transmembrane region (10). For use in an enzyme-linked
immunosorbent assay (ELISA [11]), the IRKD was autophosphory-
lated in the presence of 20 mMHepes, pH 7.4, 100 mMNaCl, 20 mM
p-nitrophenyl phosphate, 100 MMvanadate, 2 mMATP, 10 mM
MgCl2, 5 mMMnCI2, and 30 Mg/ml protamine for 30 min at 30°C. The
reaction was terminated by the addition of 20 mMEDTA. The phos-
phodomain (50 ng) was bound directly to microtiter plates in 50 mM

sodium carbonate/bicarbonate buffer, pH 9.6. Unbound sites were

blocked with 2%BSA. Membrane extracts were preincubated at 30'C
for 5 min in a solution containing 25 mMHepes, pH 7.2, 1 mMEDTA,
15 mM2-mercaptoethanol, and 1 mg/ml BSA. Reactions were initi-
ated by addition of an aliquot (50 ,l) of the preincubation mixture to

each well. After incubation for 30 min at 30'C, the reaction was termi-
nated by removal of the contents. The remaining unconverted phos-
phodomain was detected by incubation with 100 ng of the mouse
monoclonal anti-phosphotyrosine antibody PY69 (ICN Biomedicals
Inc., Costa Mesa, CA) at 370C for 1 h, followed by horseradish peroxi-
dase-conjugated rabbit IgG to mouse IgG (Dakopatts, London, En-
gland) at 370C for 1 h. The peroxidase was assayed colorimetrically
using 3,3',5,5'-tetramethylbenzidine. The ELISA is linear up to 60%
and plateaus at 85% dephosphorylation of the P-Tyr-IRKD. This was
established in experiments using multiple dilutions of four control rat
liver particulate fractions. In these experiments, the relationship be-
tween phosphatase dilution and substrate dephosphorylation was lin-
ear to 60% with a correlation coefficient of 0.85 and a y intercept of
-4% dephosphorylation, which was not significantly different from the
origin. In the presence of 100 gMpolyEY, dephosphorylation was in-
hibited by 90-100%, indicating specificity for PTPases (4, 6).

A second assay using the soluble P-Tyr-IRKD was also used to
verify the results obtained with immobilized IRKD in the ELISA. The
48-kD IRKD used in the soluble assay was autophosphorylated in vitro
as follows. Approximately 5 Mg of IRKD protein (5 ,ul) was preincu-
bated for 15 min at 30°C in a final volume of 50 Ml, containing 50 mM
HEPES, pH 7.6,4 mMMgCI2, 0.3 mMEDTA, 100 Mg/ml BSAand 20
Mgg/ml protamine (Calbiochem Corp., La Jolla, CA). To this mixture
was added 100 MuM[y-32P]ATP (100 ,Ci), and incubation was contin-
ued for 1 h at 30°C. Reaction was terminated by the addition of 5 M1 of
100 mMEDTA. The P-Tyr-IRKD was precipitated in 10% trichloro-
acetic acid with 495 Mug BSAadded as a carrier. After 30 min on ice, the
kinase mixture was centrifuged. The pellet was washed with 1 ml 10%
TCAand resuspended in 100 Ml 0. 1 NNaOH. To this was added 400 Ml
substrate dilution buffer (100 mMHepes, pH 7.0, 1 mMEDTA, 15
mM2-mercaptoethanol). The P-Tyr-IRKD was further diluted to 0.1
MMwith substrate dilution buffer for use in the soluble PTPase assay
(9). The P-Tyr-IRKD substrate was found to be a single phosphory-
lated band of 48 kD on polyacrylamide gel electrophoresis. As in the
case of the other PTPase assays, samples were diluted to give dephos-
phorylation within the linear range for this particular substrate.

Statistical analysis. Where noted, data are presented as mean± 1
SD. One-way analysis of variance (ANOVA) using the Scheffe F test
was used to assess for differences between groups. Linear regression was
done by least squares using the GraphPad (San Diego, CA) Instat statis-
tical package.

Results

Evidence for two PTPases differentially affected in diabetes. As
noted above, there are two general classes of PTPases, the
transmembrane receptor-like proteins that preferentially de-
phosphorylate P-Tyr-MBP, and the smaller PTPases (- 50
kD) that display a lesser degree of substrate specificity. We
demonstrated previously that alloxan diabetes did not affect
the PTPase activity measured with acidic substrates (6). In con-
trast, rat liver membrane PTPase activity measured after 4 d of
alloxan diabetes using P-Tyr-MBP as substrate showed an 86%
increase in activity over normal animals (Fig. 1). Treatment
with insulin resulted in a return towards normal levels. Wealso
measured PTPase activity in rats fasted for 48 h before death to
study the significance of the weight loss in diabetic animals. No
significant changes in membrane PTPase activity with P-Tyr-
MBPas substrate was seen in fasted animals. Neither cytoskele-
tal nor cytosolic P-Tyr-MBP PTPase activities were altered by
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Figure 1. Effects of alloxan diabetes and fasting on rat liver PTPases
measured with P-Tyr-MBP. Membrane, cytoskeleton, and cytosol
fractions were prepared from control (n = 5, open bars), diabetic (n
= 5, solid bars), insulin-treated diabetic (n = 6, vertical cross-hatch-
ing), and fasted (n = 5, horizontal cross-hatching) rats. Fractions were
assayed for PTPase activity using P-Tyr-MBP as substrate. Error bars
represent 1 SD. A single asterisk denotes a significant difference from
the corresponding control group. Two asterisks denote a significant
difference from the corresponding diabetic group.

alloxan diabetes or fasting, showing that the effect was specific
for a particular PTPase activity in one subcellular fraction.

The specific PTPase activity of the membrane fraction
from normal rats was 2.7-fold higher than the cytoskeletal frac-
tion with P-Tyr-MBP as substrate (Fig. 1). In contrast, mem-
brane and cytoskeleton specific activities measured on the
same fractions with P-Tyr-RCML were nearly identical (data
not shown). The latter finding was in agreement with our pre-
vious studies (6). Cytosolic PTPase specific activity with P-Tyr-
MBPwas approximately seven-fold lower than membrane spe-
cific activity in normal animals (Fig. 1). Our results are consis-
tent with the conclusion that activity measured with
P-Tyr-MBP resides in membrane-associated PTPases.

As noted above, fractions were also analyzed for PTPase
activity using P-Tyr-RCML. Although a modest increase in
PTPase activity in the membrane fraction from diabetic rats
(1.2±0.2 nmol/min per mgprotein [mean±SD] vs. 0.8±0.1 in
normal animals) was detected, this increase in PTPase activity
persisted after insulin treatment (1.1±0.1 nmol/min per mg
protein). No significant change in the membrane fraction from
fasted rats (1.0±0.03 nmol/min per mgprotein) was detected.
The cytoskeletal and cytosolic fractions showed no change in
PTPase activity, as found previously (6).

HPLCgel filtration chromatography of rat hepatic mem-
brane-associated PTPases. Weseparated membrane PTPases
by size using HPLCgel filtration chromatography. Liver mem-
branes from a normal rat were extracted with 1%Triton X-100.
The extracted membrane proteins were separated using a col-
umn (SW-300; Waters Chromatography Division; Milford,
MA) equilibrated in 50 mMHepes, pH 7.0, 150 mMNaCl, 15
mM2-mercaptoethanol, and 0.1% Triton X-100. Fractions
(0.3 ml) were collected and assayed for PTPase activity using
both P-Tyr-RCML and P-Tyr-MBP.

PTPase activity measured with P-Tyr-RCML was present
in two distinct peaks, - 450 and 44 kD (Fig. 2). In contrast,
PTPase activity with P-Tyr-MBP as substrate was present only
in a higher molecular weight peak. The ratio of activity with
P-Tyr-MBP to P-Tyr-RCML in this peak was 6:1. Analysis

of several paired control and alloxan diabetic membrane ex-
tracts revealed no consistent qualitative changes in the distri-
bution of activities between high and low molecular weight
peaks.

Characterization of the high molecular weight rat liver
PTPase. The finding that the PTPase with preferential activity
towards P-Tyr-MBP eluted during gel filtration chromatogra-
phy at 450 kD is similar to findings with CD45 (180-200
kD) which yielded a peak of P-Tyr-MBP PTPase activity at
greater than 650 kD during gel filtration chromatography (5).
Although CD45 is not expressed in cells other than leukocytes,
several related PTPases are potential candidates for a hepatic,
CD45-like PTPase (3). Wetherefore studied the high molecu-
lar weight PTPase partially purified from liver membranes by
poly-L-lysine agarose affinity chromatography (see below and
reference 7) to detect characteristics similar to those described
for CD45.

Activity of the high molecular weight liver enzyme with
P-Tyr-RCML as substrate was increased by the addition of my-
elin basic protein (Fig. 3 A). The same experiment performed
on the low molecular weight PTPases exhibited a decrease in
PTPase activity of greater than 60% (not shown). Activity of
the high molecular weight enzyme with P-Tyr-RCML as sub-
strate was also increased by treatment with trypsin, while the
activity using P-Tyr-MBP as substrate was unaffected (Fig. 3
B). The findings in Fig. 3 are similar to those from similar
experiments by Tonks et al. (5) using CD45.

Dephosphorylation of the 48-kD insulin receptor tyrosine
kinase domain. Our earlier studies (6) on alloxan diabetes in
the rat had indicated a slight decrease rather than an increase in
insulin receptor dephosphorylation. Given the present results
that PTPase activity with P-Tyr-MBP increased in alloxan dia-
betes, we sought to determine whether the PTPase measured
with P-Tyr-MBP corresponded to the enzyme responsible for
insulin receptor dephosphorylation. The ELISA (see Methods)
used to measure the percent dephosphorylation of autophos-
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Figure 2. Separation of rat liver membrane PTPases by HPLCgel fil-
tration chromatography. An extract of rat liver membranes was ap-
plied to a 15-ml SW-300 HPLCgel filtration column equilibrated in
50 mMHepes, pH 7.0, 150 mMNaCl, 15 mM2-mercaptoethanol,
and 0.1% Triton X-l00. Fractions were assayed for PTPase activity
using P-Tyr-MBP (.) and P-Tyr-RCML (v) as substrate. Symbols at
the top of the figure denote the calibration of the column: VO void
volume; a, ferritin (440 kD); b, aldolase (158 kD); c, ribonuclease A
(1 3.7 kD); VT, total column volume.
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phorylated P-Tyr-IRKD was applied to Triton X-100 extracts
of rat liver membranes from normal, alloxan diabetic, treated
diabetic, and fasted animals (Fig. 4, left). PTPase activity also
was measured with both P-Tyr-RCML and P-Tyr-MBP in
these extracts.

There was no significant difference in P-Tyr-IRKD dephos-
phorylation between any of the experimental groups. Compari-
son of the percent IRKD dephosphorylation versus PTPase
activity with P-Tyr-RCML (Fig. 4, center) yielded a correlation
coefficient of 0.76 (P < 0.01). In contrast, IRKD dephosphory-
lation and PTPase activity with P-Tyr-MBP (Fig. 4, right) were
not correlated (r < 0.01). These data were interpreted to suggest
that the PTPases measured with P-Tyr-RCML account for the
preponderance of insulin receptor dephosphorylation.

To study this further, rat liver membrane PTPases sepa-
rated by poly-L-lysine agarose affinity chromatography were
examined for their relative activities with the two artificial sub-
strates (P-Tyr-RCML and P-Tyr-MBP) and the P-Tyr-IRKD.
To confirm the validity of results using immobilized P-Tyr-
IRKD in an ELISA system, activity on poly-L-lysine fractions
was measured using soluble P-Tyr-IRKD in our usual PTPase
assay. Poly-L-lysine chromatography (Fig. 5) resulted in a sepa-
ration of activity with P-Tyr-RCML from activity with P-Tyr-
MBP. Assays on individual fractions showed that soluble P-
Tyr-IRKD dephosphorylation coincided with P-Tyr-RCML
dephosphorylation. Linear regression analysis of PTPase activi-
ties with P-Tyr-RCML and P-Tyr-IRKD showed a highly signif-
icant correlation (r = 0.88, P < 0.0001). There was no signifi-
cant correlation between PTPase activities with P-Tyr-MBP
and P-Tyr-IRKD (r = 0.37), or P-Tyr-MBP and P-Tyr-RCML
(r= 0.41).

In our previous studies (7) we used inhibition of PTPase
activity by poly(glutamic acid:tyrosine [4: 1 ]) (polyEY) to distin-
guish between membrane PTPases I, II, and III separated dur-
ing poly-L-lysine agarose affinity chromatography. To further
ascertain whether PTPase activity with P-Tyr-IRKD paralleled
activity with P-Tyr-RCML or P-Tyr-MBP, polyEY (0-20 ,M)
was added to a membrane extract before determination of
PTPase activity using all three substrates (Fig. 6). Dephosphor-

ylation of P-Tyr-IRKD by the mixture of PTPases in an unfrac-
tionated membrane extract was inhibited by polyEY in a man-
ner identical to that seen using P-Tyr-RCML as substrate. In
contrast, PTPase activity with P-Tyr-MBP showed a biphasic
effect of polyEY. Activity was stimulated at concentrations be-
low 10 uMand inhibited at 20 ,M. The results shown in Fig. 6
were consistent with those seen using membrane PTPases I, II,
and III in our prior study (7). They are, therefore, interpreted as
further indication that hepatic membrane PTPases that show
preferential activity towards P-Tyr-RCML largely account for
P-Tyr-IRKD dephosphorylation.

Discussion

In the present study, rats made diabetic with alloxan exhibited
a substantial increase in rat liver membrane PTPase activity
measured with P-Tyr-MBP. In contrast to PTPase activity with
P-Tyr-RCML as substrate ([6] and the present report), our data
show that PTPase specific activity with P-Tyr-MBP is highest
in the membrane fraction. Using molecular cloning tech-
niques, Streuli et al. (12) have described transmembrane
PTPases related to CD45 which they termed LAR (leukocyte
antigen related). A preliminary report describes the detection
of mRNAin rat liver using the cDNA for LAR (13). Wehave
found that the high molecular weight P-Tyr-MBP PTPase from
rat liver membranes, partially purified by poly-L-lysine agarose
affinity chromatography (7), has characteristics in common
with CD45. It was stimulated by the polycation, myelin basic
protein, whereas the low molecular weight PTPases were inhib-
ited. Limited proteolysis with trypsin revealed a sixfold in-
crease in activity, while the low molecular weight PTPases
showed no change. The enzyme in rat liver that we are measur-
ing is unlikely to be CD45, expression of which has only been
found in leukocytes (3). Direct comparison with data using
LAR is not possible because such studies have not been pub-
lished. Nonetheless, our data support the hypothesis that the
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Figure 4. Dephosphorylation of the 48-kD insulin receptor tyrosine
kinase domain (IRKD) by rat liver membrane PTPase. (Left) Mem-
brane fractions prepared from control (n = 4, open bar), diabetic (n
= 4, solid bar), insulin-treated diabetic (n = 4, vertical cross-hatching)
and fasted (n = 4, horizontal cross-hatching) rats were used to de-
phosphorylate the 48-kD IRKD in an ELISA as described in Meth-
ods. Rat liver membrane extracts were used at identical protein con-
centrations, 0.36 mg/ml in the assay. Error bars represent I SD.
(Center) Individual data points for each animal from the four groups;
percent dephosphorylation of P-Tyr-IRKD versus P-Tyr-RCML
PTPase activity (nmol/min per mgprotein) in each sample (r = 0.76).
(Right) Percent dephosphorylation of P-Tyr-IRKD versus P-Tyr-MBP
PTPase activity (nmol/min per mg protein) in each sample (r
= -0.009).
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Figure 5. Dephosphorylation of P-Tyr-RCML, P-Tyr-MBP, and P-
Tyr-IRKD by PTPases fractionated using poly-L-lysine agarose affin-
ity chromatography. Proteins extracted from rat liver membranes
using 1% Triton X-100 were adsorbed to a 20-ml column of poly-L-
lysine agarose equilibrated in 20 mMHepes, pH 7.4, 2 mMEDTA,
25 mMNaCl, 1 mMbenzamidine, 0.002% PMSF, and 0.4% 2-mer-
captoethanol. PTPases were eluted with a linear gradient from 25
mMto 1 MNaCl (400 ml, total elution volume). PTPase activity of
individual fractions (4 ml) was measured using P-Tyr-RCML (., A),
P-Tyr-MBP (x, A), and P-Tyr-IRKD (B) as substrates. Activities with
all three substrates were determined in the same soluble dephosphor-
ylation assay.

activity of LAR-like PTPase(s) in rat liver is increased in al-
loxan diabetes.

We sought to determine if an increase in LAR-like
PTPase(s) might increase insulin receptor dephosphorylation.
Wehave shown that membrane extracts from normal and al-
loxan diabetic rats contained PTPase activity that dephosphor-
ylated partially purified hepatic insulin and epidermal growth
factor (EGF) receptors (6). Weshowed further that alloxan
diabetes produced a subtle decrease in insulin receptor dephos-
phorylation (6). In a subsequent publication (7), we indicated
that the rat liver membrane PTPase III partially purified by
poly-L-lysine agarose chromatography could dephosphorylate
the P-Tyr-insulin receptor beta subunit. However, these experi-
ments used insulin receptors prepared from rat liver mem-
branes and phosphorylated in vitro. Substrate (receptor) con-
centrations were very low and probably comparable to PTPase
concentrations. Therefore, these experiments may not provide
an indication of the relative activities of the three PTPases with

the autophosphorylated insulin receptor beta subunit. To fur-
ther characterize the insulin receptor as a substrate for
PTPases, the dephosphorylation of a 48-kD, autophosphory-
lated P-Tyr-IRKD was monitored. This approach offered the
advantage of higher substrate concentrations. Using this ap-
proach, we found that alloxan diabetes and fasting caused no
change in the extent of P-Tyr-IRKD dephosphorylation by
liver membrane detergent extracts. Correlation between P-Tyr-
IRKD and artificial substrate dephosphorylation by these ex-
tracts indicated that P-Tyr-RCML and insulin receptors proba-
bly are dephosphorylated by the same PTPases. This led to the
conclusion that the observed increase in PTPase activity with
P-Tyr-MBP seen in alloxan diabetes may be unassociated with
a change in insulin receptor dephosphorylation.

Several other observations support this conclusion. Frac-
tionation of liver membrane PTPases by poly-L-lysine agarose
chromatography showed a strong correlation between dephos-
phorylation of P-Tyr-RCML and P-Tyr-IRKD. In contrast,
PTPase activity with P-Tyr-MBP, largely confined to the activ-
ity we have designated previously as PTPase III (7), did not
coincide with P-Tyr-IRKD dephosphorylation. Similarly, inhi-
bition of membrane extract PTPase activities by polyEY
showed identical behavior of P-Tyr-RCML and P-Tyr-IRKD
as substrates. The experiments shown in Figs. 5 and 6, using
soluble P-Tyr-IRKD as substrate, were consistent with those in
Fig. 4 which used immobilized P-Tyr-IRKD in an ELISA sys-
tem. These results, taken together, indicate that P-Tyr-RCML
PTPases in rat liver membranes account for the greater part of
P-Tyr-IRKD phosphatase activity.

Our original hypothesis was that an increase in PTPase ac-
tivity might contribute to insulin resistance. An impaired re-
sponse to insulin is associated with insulin-deficient (type 1)
diabetes mellitus, despite an increased number of insulin re-
ceptors measured by hormone binding (14, 15). The defect
manifests as decreased insulin stimulation of glucose transport,
glucose oxidation, and lipogenesis in skeletal muscle ( 16), adi-
pose tissue (17-19), and liver (20, 21). The specific events lead-
ing to these metabolic changes in the cell have not been identi-
fied. However, a broad spectrum of approaches yielded results
supporting the role of tyrosine phosphorylation in the insulin
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Figure 6. Effect of
poly(glutamic acid:tyro-
sine [4:1]) on liver
membrane extract
PTPase activities. A
control rat liver mem-
brane detergent extract
was preincubated with
varying concentrations
of polyEY for 5 min at
30°C. PTPase activity
was then determined
using P-Tyr-RCML (.),
P-Tyr-MBP (x) and P-
Tyr-IRKD (*) as sub-
strates. Activities with
all three substrates were
determined in the same
soluble dephosphoryla-
tion assay. Results are
expressed as percentage
of control (no polyEY).
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signaling process. Type 1 diabetes has been associated with a
decrease in receptor autophosphorylation as well as receptor
kinase activity (reviewed by Haring and Obermaier-Kusser
[22]). Blondel et al. (23) have reported that oral administration
of vanadate (a PTPase inhibitor) to l0-wk-old female rats with
non-insulin-dependent diabetes causes a corrective insulin-
like effect on impaired insulin action in both the liver and
peripheral tissues. Wehypothesized that the impaired meta-
bolic response to insulin in diabetes might involve an increase
in PTPase activity for the insulin receptor and/or its substrates.
Our data indicate that in the specific case of alloxan diabetes in
the rat, there is indeed a change in PTPase activity as measured
with P-Tyr-MBP. However, this appears to be unaccompanied
by changes in insulin receptor PTPases. Therefore, a possible
role for the P-Tyr-MBP PTPase in modulating insulin action
will require uncovering the physiologic substrates for the insu-
lin receptor tyrosine kinase, as well as their corresponding
phosphatases.
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