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IN’I'RODUCTION
nsulin-stinmlated‘ tyrosine phosphorylation of the insulin

receptor plays a key role in the molecular mechanism of Insulin

action (1,2).
receptor kinase

phosphorylation
Phosphorylation on tyrosines is due to the imtrinsic activity of the

dephosphorylation requires the action of

The phosphotransferase - activity of the insulin
is known to be increased and decreased by tyrosine

and  dephosphorylation of the  receptor.

=t reeéptor jtself, whereas
- 'one or more_ protein-tyrosine phosphatase (PTPase) enzymes present im

T, . target. cells - for - the - hormone. - Recently, these enzymes have been
7 _- ?'shown to comprise “a  family  of “distinct membrane -and cytoplasmie
T :'p:otelns that appear to play an in:portent physiologic role in the
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-..__-_.__Our_- 1aboratoty has_ been_ interested 1q 'ghlare_c_te_zlizing “and "
ultimately <cloning the specific PTPase(s) that regula-t’e“ tl;e T
rphosphorylation _state of the insulin receptor in order to evaluate
their potential role in insulin action and states of insulin

we have taken two parallel

These include an

resietance.‘ . In these studies,

experinental approaches to answer these questions.

- evaluation of the biochemistxy and physiology of hepatic cyt:osolie .

- and - membrane PTPases - as well _as identification of PTPases at a

molecular level by cDRA cloning in rat 1liver.



its plasma membrane

INSULIN RECEPTOR ACTIVATION AND DEACTIVATION

Insulin Action and Tyrosine Phosphorylation
Although the exact molecular mechanism of insulin action in
target cells remains uncertain, it is clear that insulin elicits its
plefotropic effects on cellular growth and metabolism by binding to
receptor and that this receptor is a protein

tyrosine kinase (1,2). Thus, insulin binds to the a-subunit of

the receptor and this leads to a rapid autophosphorylation of

specific tyrﬁsine residues in the pB-subunit with activation of

the receptor kinase towards exogenous protein substrates in target
cells (2,4,5). Several 1lines of evidence have shown that the

tyrosine kinase activity of the insulin receptor plays a key role in

cellular insulin action. These data include the observation that

several patients with genetic disorders associated with severe
insulin resistance have been found to have mutations in the receptor
which alter kinase activity (6), transfection of cells with normal
insulin receptors . enhances cellular insulin sensitivity while
expression of kinase-defective receptor mutants does not (7-9), and
evidence that insulin action is blocked by introducing antibodies to
pPhosphotyrosine or to the receptor kinase domain into cells (10,11).

Tyrosine phosphorylation of cellular substrates for the insulin

receptor kinase 1is also highly regulated. One of the best

characterized substratesr is a protein of Mr — 185 kDa termed Ppl85 _
(12) | Phospho:ylation of pp185 occurs rapidly following stimulation :

of the receptor by insulin, however, dephosphorylation of pp185 also_

occurs within minutes despite the continued Presence of insulin and

- Teceptor activation - (12,13). The phosphorylation state of the

rgggpgg;;_qg§“§l§3c9f~;hese_putative substrates -in- the -insulin action

pathway,

therefore, depend on the activity of specific PTPases whose

identification 1s of critical importance for understanding the

overall regulation of insulin action.
Deactivation of the Insulin Receptor by PTPase Activity ,
WVhen  the - _partially purified  insulin receptor _is

the receptor retains its phosphorylation state and the tyrosine

| autophosphorylated in . vitro -in response to insulin stinulation,
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kinase remains activated even 1f insulin is removed from the ligand

binding site

activicy was
demonstrated that immunoprecipitated insulin receptors do not

activicy (14,16). Furthermore, an active

(14). Although one early study reported that PTPase
associated with_ the receptor 1itself (15), several

others

have intrinsic PTPase

liver membrane PIPase may co-purify with the insulin receptor by

lectin affinity chromatography and contaminate a purified receptor

preparation (see below).
in hepatoma -cells (1l4) as well as a permeabilized

dissociation of insulin from the receptor

In vivo,

adipocyte model (17,18),
is followed by a rapid dephosphorylation of the beta subunit and a

concomitant deactivation of insulin receptor function. Therefore,

Just as the activity of many other metabolic enzymes is affected by

specific phosphorylation/dephosphorylation reactions (19), the
intrinsic activity of the {nsulin receptor 1is enhanced by

autophosphorylation and attenuated by cellular enzymes that"

dephosphorylate phosphotyrosine residues (20).

Regulation of the Receptor Kinase by Multisite Phosphorylation:
Detailed studies of the tyrosine residues in the insulin

receptor that become phosphorylated with insulin stimulation have

shown that five residues are subject to autophosphorylation (1,2).

Several laboratories have provided evidence that full activation of

the receptor kinase correlates with phosphorylation of a cluster of

6n1y“:tﬁreé-¢lose1y spaced tyrosines at positions 1146, 1150, 1151 in

the so-called *regulatory domain® of the receptor (4,21).

.. receptor phosphorylated on two residues (typically 1146 and either . -
- the 1150 or 1151 tyrosine) is only activated to approximately 10% of e
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its full activi:y (21).
'~ When the phosphorylation state of the 'receptor is directly

compared in vivo and in -vitro, the number of insulin

~ receptors fully (tris-) phosphorylated in the regulatory domain
. present after . Insulin stimulation of Intact cells is markedly less

than that seen for Iinsulin activation of solubilized, partially
purified insulin receptors (Table 1). This has been shown for a
variety of cell types, suggesting that in intact cells the fully



phosphorylated insulin receptor might be a preferential PIPase

substrate (22). These data have lead to
specific PTPase enzymes might modulate the receptor kinase activity
by transition# between bis- and tris-phosphorylated receptor states
in cells. A recent study was consistent with this hypothesis
showing that the tris-phosphorylated (activated) insulin receptor

rapidly dephosphorylated than the bis-phosphorylated
receptor in vitro using subcellular fractions of rat

the speculation that

was much more
form of the
liver as a source of PTPase activity (23).
REGULATION OF PTPASE ENZYME ACTIVITIES
PTPase activities in subcéllular fractions of rat liver

To better understand the PTPase activities in liver tissue that

might be acting on the autophosphorylated insulin receptor, we have

performed some preliminary studies on the localization of these

enzymes and their potential regulation using as substrates both the

fntact insulin receptor that had been autophosphorylated in

vitro and a [32P]-phosphopept1de substrate -containing sequence
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Table 1: Phosphorylation of the insulin receptor regulatory region
in intact cells and in purified receptors after insulin stimulation

U T eladae abundance of Tei-phosploryiaved

su e to lato dom
, ‘Cell Line - Intact Cells = Isolated Rec
e pge T T T T g T T T T T T g T
CHO/HIRC 23 78
3T3/HIRC 23 _ 74

Insulin receptors were phosphorylated after insulin stimulation
of intact FAO rat hepatoma cells, or two cell lines, chinese hamster
ovary (CHO) or 3T3 fibroblasts expressing the human insulin receptor
cDNA (HIRC). Partially purified insulin receptors were also - - .
isolated from these tissues and phosphorylated in vitro. - The -
phosphorylation state of the receptor regulatory domain
(tyrosine-1150 region) was analyzed and the relative abundance of -
Tris-phosphorylated receptors (Iris/Tris+Bis phosphorylated : . - -
receptors) is shown. Adapted from reference 22.



identity to the insulin receptor regulatory region (residues
1142-1153; ref. 4&). This peptide was phosphorylated with an
preparation and 1-[32P]-ATP,
a

activated insulin receptor
isolated by Sep-Pak chromatography and/or HPLC and wused as
for in vitro dephosphorylation. Dephosphorylation was
_the amount of radiocactivity in inorganic phosphate

substrate

assessed as
released and extracted with an organic solvent (24).

- PTPase activity was detected in both cytesolic and particulate
similar distribution in both rat liver and Fao
Approximately 14% of the total PTPase
whereas 85% was in the

fractions with =&
hepatoma cells (Table 2).

activity was in the cytosolic fraction,

particulate fraction; this latter fraction also had a 4-fold higher

specific activicy. Further purification of the solubilized

particulate fraction by affinity chromatography on a wheat germ
agglutinin lectin-agarose affinity column resulted iIn a 50% increase
in specific activity of the PTPase, although this glycoprotein-rich
fraction contained only 1.5% of the total activity. This finding
suggested that at least one of the insulin receptor-related PTPases

may be a glycosylated cell surface protein, or perhaps is tightly

associated with one.
When the inhibition profile of these enzymes was examined, both

the cytosolic and particulate PTPase fractions were inhibited by
- zinec ~at- similar concentrations.---The cytosolic- PTPase activity,

however, was - 10-fold more sensitive to inhibition by vanadate and

may therefbre be dlfferent from that in the membrane (25)

Alteration in Hepatic PTPase Activities in Diabetes:

e e T i

We have obtained some evidence that changes in PTPase activity _.:r

e — == v

--may occur in states of altered {insulin -action. - - For example,--

defective - receptor autophosphorylation and kinase activity occur in
. several animal models of diabetes with insuiin resistance (26-28).
the potential role of changes in PTPase activity inr

we measured PTPase activities in rats made

To investigate

these disease states,
1nsu11n-def1cient diabetic by streptozotocin treatment (24). In

_this model, _cytosolic PTPase _activity Increased to 180% (p<0.02) of
the control values after two days of diabetes and remained elevated
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| BB diabetic rats,

"be an :iﬁﬁo:faﬁf"fé¢t6f':in'fﬁé'physiologiéal resistance to insulin =

——— e

Table 2:- Protein-tyrosine phosphatase activities in subcellular

associated with these diabetic states.

for at least 30 days (Figure 1, upper panel). Gel filtration on

single peak of activity in the cytosol in

Sephadex-75 revealed a
animals at Mr ~30 kDa and confirmed the

both control and diabetic

increased levels. The increase in cytosolic PTPase activity could

detected using phosphorylated intact insulin receptor. In
another model of insulin deficiency, the PTPase

also be

activity in the cytosolic fraction was similarly increased to about
230% of control values.
The particulate fraction of liver also exhibited an increase in

PTPase activity by 30% and 80% after two and eight days of STZ
diabetes, respectively. However, this increase was not sustained,
and after 30 days of STZ diabetes, and in the chronically diabetic
BB rat, PTPase activity associated with the particulate fraction was
reduced to about 70% of the control levels (Figure 1, lower panel).
Treatment of STZ-diabetic rats with subcutaneous insulin or vanadate
in their drinking water £for three days reduced PIPase activity in
the particulate, but mnot iIin the cytosolic fraction. - This was
associated with a change in blood glucose toward normal. Thésé data
indicate insulin deficient diabetes 1is accompanied by significant

changes in ‘"hepatic PTPase activity affecting both the cytosolic and

particulate compartments (24). An increase iIn specific PTPase

activity affecting the state of insulin receptor phosphorylation may

d——————-——-—a—-———————‘——-————---
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fractions of Fao rat hepatoma cells

Fraction Specific Activity Tota c i act

(pmol PO,/min/mg) (pmol PO,/min)
Cytosol ' 2.8+0.1 | 50.9 + 0.9 (13.5%)
- Particulate 11.6 # 0.1 292.3 + 3.0 (85%) -
" Glycoprotein =~ 17.4 £ 0.5 5.9 + 0.5 - (1.5%) -+~

tase activities in Fao cell fractions
peptide derived from the insulin "= -
'Adapted from data in reference 25.

Protein-tyrosine phospha
were assayed using a labeled
receptor regulatory domain.



" Effects of Insulin on PTPase Activity in Hepatoma Cells

To complement the studles in diabetic animals, we were
interested in whether physiological levels of 1nsu11n'itse1f might
be an important factor in the regulation of insulin receptor PTPase
activity. For- these studies, we used the well-differentiated rat
hepatoma cell 1line Fao which has been used as a model for insulin
action in normal 1liver (29). As 1in the animal studies, PTPase
activity was measured using the >2p-labeled peptide corresponding
to the insulin receptor regulatory domain (Figure 2).

Insulin (100 nM) increased PTPase activity in the particulate
fraction by 40% and decreased the activity in the cytosolic fraction
by 358. These effects occurred within 15 min and were half maximal
at 3-4 nM 1insulin (25). When assessed as total activity, the
magnitude of the changes in PTPase activity in the particulate and

eytosolic fractions -could not be explained solely on the basis of a
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*"  Fipure 1: Alterations in cytosol (upper panel) -and particulate

.- (lower panel) FPTPase specific activities in rat liver after 2 or
30 days of streptozotocin (STZ)-induced diabetes. FPTPase
Tactivity was measured using a phosphorylated peptide from the

insulin receptor regulatory domain. Adapted from reference 24.



translocation of PTPases between the two pools. Thus, in hepatoma
cells, both membrane and cytosolic PTPases can be regulated by
physiological concentrations of insulin, suggesting that modulation
of PTPase activity may secondarily affect insulin action in states

of diabetes with'insulin resistance.

WHICH CELLULAR PTPases ARE POTENTIALLY RELEVANT TO INSULIN ACTION?

Recent biochemical and molecular cloning studies have revealed
that there is a discrete family of membrane and cytoplasmic enzymes
that possess PTPase specificity (3). To date, these include
single-domain PTPase enzymes that lack transmembrane domains and are
localized to an iIntracellular compartment. The cloned enzymes in
this category 1include the placental PTPase IB and an isolate from a
T cell library with a similar structure (30,31).
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Figure 2: Effect of insulin (100 nH) on PTPase’ acti.v:lties in
e Fao rat hepatoma cells. The insulin receptor peptida vas used IR
---as substrate. - Adapted from reference 25. N : S
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A second broad class of PTPases have an overall structure like
that of a membrane receptor with an extracellular glycosylated

a single transmembrane domain and an intracellular enzymatic

domain,
component.  The cytoplasmic domain of these enzymes which accounts
for the PTPase activity consists ofhtandemly duplicated segments of

about 300 amino acids . each that have close homology to the PTPase

domain of the single domain enzymes described above. The enzymes in
this group include CD45 (LCA), which is restricted to hematopoietic
cells; and LAR which has a broader tissue distribution (3,32).
Several other transmembrane PTPases have recently been cloned and
are in the early stages of characterization (33).
Characterization of PTPase Specificity and Activity

Besides subcellular 1localization, the insulin receptor PTPase
might be expected to have some specificity towards the
phosphorylated insulin receptor regulatory domain as a substrate.
To begin to analyze whether catalytic domains of two PTPases might
differ in their specificity towards phosphorylated growth factor
receptors as substrates we compared the activity of CD45, LAR and a
crude rat hepatic membrane preperation against the intact insulin
and EGF receptors. In collaboration with Dr. Haruo Saito, we
obtained a crude bacterial 1lysate containing the CD45 and LAR

Intracellular PTPase domains induced with IPTG from a plasmid vector

. in an E. oli strain deficient in alkaline phosphatase activi;y.'-
These recombinantly generated proteins were about 1% ~pure (34).

A ——

for 60 min at 4°C to stimulate the phosphorylation of the insulin
Under these--cpnditions the EGF receptor also undergoes
The 1labeled receptors were

receptor.. -
constitutive autophospharylation.
subjected to dephosphorylation using each of the PTPase preparations
for 0 to 80 min. At each time point, ‘the reaction mixture was

sampled and subjected to SDS gel electrophoresis and the resulting

autoradiogram was scanhed_torquantitate the dephosphorylation.

Phosphorylated receptor  substrates were prepared from a
glycoprotein-rich WGA-purified fraction of hepatic membranes by
‘phosphorylation ~ with = 4-[32P]-ATP  in the presence of imsulim. -
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All three PTPase preparations were active but there were
several _striking differences (Figure 3). First, the hepatic
membrane preparation contained the most active PTPase. Secondly,
both LAR and CD45 produced only about a 50% dephosphorylation of the
insulin receptor suggesting that specific phosphorylation sites may
be resistant to dephosphorylation by certain PTPase catalytic
domains. Finally, there was also a clear difference between the

potencies of the recombinant PTPases toward the EGF receptor with

LAR being more potent than CD4S.

These Apreliminary data suggest that the hepatic membrane
contains a PTPase (or a combination of PTPases) which is more active
than the recombinant catalytic domains of LAR or CD45 towards two of
receptors present in this tissue. Furthermore, these

suggest that wvarious PTPases exhibit differences in

the membrane

findings also
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Figure 3: Dephosphorylation of pPartially purified epidermal
= . growth factor (EGF) receptors (upper panel) and insulin Halergs o
~ receptors (lower panel) by catalytic domains of LAR and CD45 -
PTPases expressed in a bacterial system. Results witha- =~ ~ °

solubilized rat liver membrane fraction are also shown.
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potency and specificity, possibly even to different phosphorylation

sites within a single protein. This result raises the interesting

possibility that multiple PTIPases
receptors to regulate their state of phosphorylation on specific
and ultimately affect their activity in signal

may Interact with membrane

tyrosine residues

~ transduction. .
_ Identificatrion of the "Insulin Receptor”™ PIPase

In addition to the CD45 and LAR preparation described above,

other PTPases have been shown to have activity against the IR in

In a series of elegant experiments by Tonks et al.
1B has been shown to be

vitro.
(35,36), the cytosolic placental PTPase
but also in vivo, against the

When injected into

active not only in vitro,

phosphorylated insulin receptor J-subunit.

Xenopus oocytes, this enzyme blocked insulin-stimulated S6 peptide

phosphorylation,
indicating that insulin action in these cells can be
given the lack of specificity of

and the large

oocytes
modulated by PTPases. However,

PTPase catalytic domains 1In in vitro experiments

number of these enzymes in various compartments in vivo, it is

safe to say that the PTPase(s) relevant to the cellular regulation

of the insulin receptor remain unknown.
As discussed above, PTPase activities against the

phosphorylated insulin

" membrane fractions_ of liver. Two pieces of evidence have suggested

" that a membrane PTPase might -possibly be more important in the

physiological dephosphorylation of the 1insulin receptor in

'--;“vivo.ff“ One~ tomes“*from*“studieS““with““ﬁérmeabilized adfpocytes 1n T

which Vthe rapid dephosphorylation of the receptor persists despite a
virtually complete exchange of the cellular cytoplasmic compartment
“k175.-. In addition, as shown above, the bulk of the insulin receptor
PTPase activity in 1liver is found in solubilized membranes and the
highest specific activity in a glycoprotein fraction. PTPase at the
cell surface may thus serve to regulate the phosphorylation state of

the insulin receptor in the mnembrane. It 1is possible that

additional PTPase act}vitieg éqﬁe' into play as the receptor is

and retarded insulin-induced maturation of the_

receptor are found in both_the cytosol and ... .
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internalized to other sites in the cell. Other PTPases may also

function in cells to dephosphorylate protein substrates of the

insulin receptor such as ppl85, which appears to be even more

susceptible to dephosphorylation than the receptor itself (12,13).

MOLECULAR CLONING OF RAT LIVER PTPases
While biochemical @ studies have provided some insights inte

tissue PTPase activities using particular substrates, these studies

do mnot allow one to Isolate and characterize the molecular origin of
the various cytosolic and membrane enzymes which may be present. To
better characterize PTPases relevant to insulin receptor regulation,

we have begun an effort to identify, clone and sequence PTPases from

rat liver.
In order to determine which of the recently cloned PTPases

might be wuseful to screen for related PTPases in insulin-sensitive

tissues, we used a segment corresponding to the PTPase domain of the
¢DNA for human LAR (32) and the T-cell PTPase (31) (kindly provided

by Drs. H. Saito and E. Fischer, respectively) as probes on a

Northern blot with several rat tissues to.explore their distribution

(Figure 4&). Messenger RNA for the T-cell enzyme was restricted in

its distribution to rat spleen. In contrast, LAR mRNA, or that

corresponding to a related enzyme, was expressed primarily in liver,
but also found in kidney, fat and brain. L1AR, therefore, appeared

to be an appropriate candidate for the initial cloning of PTPase'

.. enzymes . in - rat liver because of  -its . tissue .expression,- its
transmembrane localization, and the demonstration that its catalytic
domain has activity against the insulin receptor (Figure 3).

.-We initially used 4 cDNA fragments. encoding most of the human Q;»

- - e el o A 4 S 4 e . = ————— T e e e, E— e A o

e e

lAﬁ. coding region, to screen 1 million phage plaques of a rat liver
cDNA 1library at 7reduced stringency (40% formamide, 35°C).
' Twenty-foﬁr positive clones were obtained after secondary screening-
with the LAR cDNA. Insert-bearing pBluescript phagemids were
-excised from the lambdp ZAPII clones using the helper phage R408 and
"plasmids were prepared by infection of XL-1 Blue E, coli host

cells. . Plasmid slot-blots were used to 1dentify 15 cDHA_inSert§
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which hybridized strongly with a ILAR segment restricted to the

PTPase domain in a tertiary screening.

Sequence and RNA blot analysis of these multiple clones showed

that at least two distinct PTPases were represented. One set of
cDNAs encoded the rat homolog of LAR, or rLAR, which was identical
in the tissue distribution and the size of its mRNA transcripts as
_that observed with the human LAR cDRA probe (Figure 4). Two of the
cDNAs corresponded to a PTPase sequence that was somewhat different
from 1AR, and on Northern analysis a single mRNA transcript of 7.1
kb was observed in liver for these cDNAs that migrated between the
major LAR mRNAs of 7.5 and 5.2 kb. We have called this cDNA
TPTP-2. Genomic Southern blot analysis confirmed that the LAR and

PTP-2 sequences corresponded to distinct, single copy genes in the

S -

thl PTPase

Figure &: Northern blot analysis of mRNA from several rat
tissues using the human LAR and human T-cell PTPase cDNAs as
probes, Each lane was loaded with poly(A)+ RNA as follows:
 spleen (S) 24 ug, placenta (P) 45 ug, muscle (M) 25 ug, liver -
(L) 30 ug, kidney (K) 22 ug, fat (F) 5 ug and brain (B) 14 ug.



~domain --and - -~ the —transmembrane-regiomn.
the sequence is markedly different from LAR with approximately 50%

14

rat (37). A single cDNA for a third type of sequence with PTPase

homology has been isolated and is currently in the process of being .

sequenced. Using this approach, therefore, we have isolated several

candidate rat 1liver PTPase homologs that exhibit tissue specificity

and occur in Northern analysis in insulin-sensitive tissues such as

liver. .
The relative abundance of the isolated clones suggests they are

quite rare. Based on the independent clones isolated from the

library, rat LAR mRNA apparently represents 7 coples per million,
which 1is similar in magnitude to the abundance of rat insulin
receptor mRNA which we had cloned from the same library. The

abundance of PTP-2 appears to be more rare in liver, on the order of

1 to 2 copies per million.
Sequence Homology of Rat Liver PTPase Clones

We have obtained partial sequence data for the coding region of
rat LAR and rat PTP-2. The deduced amino acid sequence for each

clone has two tandemly repeated intracellular domains with close

homology to known PTPases and nearly’ full conservation of the

specific residues found in all PTPase sequences to date (33). Each

enzyme has a single transmembrane region and a-large extracellular

domain for which we have obtained a partial sequence of approx-

imately 700 amino acids for each clone. When the available

sequences are

~ the intracellular and extracellular segments, respectively (Figure

S). Rat PTP-2, 1is quite similar to LAR in the second cytoplasmic
PTPase domain, but has less than 80% identity in the pProximal PTPase

sequence identicy.

Thus we have 1solated a series of cDNAs that are likely to
encode members of a family of PTPases in rat liver. Variations in

the PTPase catalytic sequence as well as the adjacent polypeptide

structure of these _-enzymes is._likely .to influence their intra-. -

cellular location as well as their specificity towards various

compared to human LAR (32), the rat homolog is
‘identical in the 'transmembrane domain and 98% and 93% identical in

"The ‘extracelldalar portiofi 6f " S
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protein-tyrosine substrates in the cell. Assoclation with other

cell surface proteins may also regulate their activity or substrate
specificicy. Since these are transmembrane receptor-like proteins,
further work should be aimed at discovering potential ligands that
activity of the intracellular catalytic domain of

may affect the
analogous "fashion to hormone receptor

these PTPases in an
activation.
. SUMMARY

In . summary,
tissues, including liver, possess a family of related cytoplasmic

and membrane proteins with PTPase activity. There is some evidence

suggesting that there are differences in the specificity of these

there is growing evidence that mammalian cells and

PTPases for certain substrates. The transmembrane structure of some
PTPases has also suggested that they may serve as receptors for some
undefined ligand molecules. Since tyrosine phosphorylation plays a
central _role_.in the action of several hormones and in the metabolic
regulation of “cells by several growth factors and 'oncogenes, 
elucidation of the biochemistry and regulation of PTPases will be

critical for a full understanding of the cellular role of these

Extracelluiar PTPase PTPose
Domain Domain | Domain I

'ate e, A N A, T T,

o —ep—— - - "
e o . L S | T — e e p7 0 R
- ae s - . rl . LT . v .

- Schematic diagram of sequence identity between human
1AR (hlAR), rat 1AR (rLAR) and rat PTP-2 in the tandem PTPase
domains, the transmembrane segment and the available extra-

- cellular sequence (approximately 700 residues for each of the
rat enzymes). .
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important regulatory systems, Furthermore, characterization of the
specific PTPase(s) that regulate the phosphorylation state of the
insulin receptor may lead to the discovery of agents which, by
modulating FPTPase activity, may ultimately provide a movel
therapeutic approach to enhancing insulin action in

jnsulin-resistant human diabetes.
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