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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.
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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

£ EGF Receptor
a
nU
g 10 -
e T e e e o -
x 5
a.
o
)

) 0 -~ 20 40 60 g N o

Insulin Receptor

T e e — g gn - U SR s dem et -
: A % S - " SE .

T e e i e . i e e s e s i R

80 80

Time (rﬁin)

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;»
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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.
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the sequence is markedly different from LAR with approximately 50%
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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
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- 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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