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2.5

The invention relates
to an intact cell assay for
direct quantitation of protein
tyrosine  phosphatase  (PTP)
activity using the baculovirus
expression system. A PTP
expressed in transformed host
insect cells is processed and
localized in their predicted
subcellular compartments,
Assays are performed on the
PTP expressing host cells
challenged with a substrate
such as, p-nitrophenyl
phosphate.  This substrate is
hydrolysed to p-nitrophenol
by  expressed  phosphatase
activity. Emergence of
p-nitrophenol is  determined
spectrophotometrically and
is a measure of PTP activity.
Further, the assay  and
transformed host cells of this
invention are particularly useful
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in a screening method for -
selecting potential inhibitors to
PTPs.  Basically, transformed
host cells are pre—incubated
with or without inhibitors
and the assay conducted as

described. This invention relates to an intact cell assay with a direct readout of PTP activity that is useful in a cell-based screening

method for selecting inhibitors of PTPs.
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TITLE OF THE INVENTION
INTACT CELL ASSAY FOR PROTEIN TYROSINE PHOSPHATASES

BACKGROUND OF THE INVENTION

Protein tyrosine phosphatases (PTPs) (EC 3.1.3.48) dephosphorylate
tyrosyl residues, acting in concert with protein tyrosine kinases (PTKs) to control
tyrosine phosphorylation of proteins in the cell. This reversible phosphorylation at
tyrosyl residues has been found in many signal transduction pathways, such as those
involved in the action of growth factors, control of cellular proliferation,
differentiation and metabolism (1, 2). Although PTPs are very different in size and
structural organization, they contain a unique and highly conserved active site
sequence (I/'V)HCXAGXXR(S/T)G (1,2,6). Representative examples of PTPs are
CD45 and PTP1B. CD45, is a transmembrane receptor-type PTP that activates
protein tyrosine kinase p56lck and p59fyn, and is involved in T cell (3,4) and B cell(5)
signaling. PTP1B is a nonreceptor PTP containing a single catalytic domain and has
been implicated in insulin-resistant states and type 2 diabetes (6,7-9).

Specific and selective PTP inhibitors have a potential value as
biological tools to reveal the function of individual phosphatases in cellular signal
transduction pathways and as disease-modulating drugs. To date, sodium
orthovanadate (vanadate), pervanadate and phenylarsine oxide are known PTP
inhibitors. None of these exhibit tyrosine phosphatase selectivity. Small peptides
containing the hydrolytically stable difluorophosphonomethyl phenylalanine were
found to be inhibitors of PTP1B (10). Available cell-based systems that can be used
for the identification of a broad range of selective PTP inhibitors employ downstream
readouts for the quantitation of PTP activity.

A limitation in this type of assay is that test inhibitors can interact at
sites in the signal transduction pathway other than at the enzyme of interest, thus
giving rise to an erroneous outcome, such as a false positive result for a test inhibitor.
To date there are no known assays without intermediate steps, having an immediate
end-point and that allow for a direct quantitation of PTP activity.

Previously, an in vitro intact cell assay for screening nonsteroidal anti-
inflammatory drug inhibition of human cyclooxygenase was developed. The assay
utilizes the baculovirus expression system in sf9 insect cells (11).
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Consequently, one object of the present invention was to develop an
assay for PTP activity that overcomes the defects in the prior art.

Another object was to provide an assay for PTP activity that is reliable
and reproducible. v

More particularly, an object of the present invention was to select cell-
permeable PTP substrates such that the hydrolysis of these substrates provides a direct
readout of the phosphatase activity.

These and other objects will become apparent to those of ordinary skill
from the teachings provided herein.

The application refers to a number of publications, the content of
which is hereby incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

A method for assaying protein tyrosine phosphatase (PTP) activity in a
eukaryotic host cell is disclosed comprising the steps of:

(a) transforming a host cell with a vector containing a nucleotide
sequence encoding a PTP to provide a transformed host cell line;

(b) incubating said transformed host cell with a substrate to said
PTP activity; and

(c) comparing the amount of PTP activity in the transformed host

cell to a standard.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the invention, reference will now be
made to the accompanying drawings, showing by way of illustration a preferred
embodiment thereof, and in which:

Figure 1 shows Western blot analysis of PTP expression in sf9 cells as
a function of time in total cell lysate and subcellular localization;

Figure 1A shows the results of Sf9 cells infected with recombinant
virus for FLAG-PTP1B-FL, at the designated hours post-infection (hpi), as shown at
the top of the membrane, total cell lysate or 100,000 g cytosolic and membrane
fractions were prepared. Proteins (6.5 pug/lane) from each of these preparations were
separated by SDS-PAGE, transferred to nitrocellulose, immunoblotted with anti-
FLAG M2 antibody and detected by chemiluminescence.
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Figure 1B shows the results of Sf9 cells infected with recombinant
virus for FLAG-CD45-cat, at the designated hours post-infection (hpi), total cell
lysates or 100,000 g cytosolic and membrane fractions were prepared. Proteins (6.5
pg/lane) from each of these preparations were separated by SDS-PAGE, transferred to
nitrocellulose, immunoblotted with anti-FLAG M?2 antibody and detected by
chemiluminescence. Standards are 20, 50 and 100 ng of FLAG-CD45-cat purified
from bacteria.

Figure 1C shows the results of Sf9 cells infected with recombinant
virus for CD45-FL, at the designated hours post-infection (hpi), total cell lysates or
100,000 g cytosolic and membrane fractions were prepared. Proteins (6.5 pg/lane)
from each of these preparations were separated by SDS-PAGE, transferred to
nitrocellulose, immunoblotted with anti-CD45 antibody and detected by
chemiluminescence.

Figure 2 shows the hydrolysis of p-nitrophenyl phosphate(pNPP)
substrate by intact sf9 cells infected with recombinant baculovirus, FLAG-PTP1B-FL,
FLAG-CD45-cat and hCOX-1 (mock-infected). At 29 hpi, infected sf9 cells
expressing FLAG-PTP1B-FL (B), FLAG-CD45-cat(Q) and mock-infected([J) were
challenged with 0, 1, 5, 10, 25 and 50 mM of pNPP for 15 min. Phosphatase activity
was determined directly by measuring the amount of p-nitrophenol formed
spectrophotometrically at OD4gs. The absorbance of various concentrations of pNPP
in the absence of cells is also shown (®).

Figure 3 shows the time course of hydrolysis of the substrate pNPP, by
CD45-cat and PTP1B-FL expressed in intact sf9 cells. The extent of substrate
hydrolysis by the phosphatase was determined by measuring the amount of p-
nitrophenol formed spectrophotometrically at ODs

Figure 3a shows the absorbance of p-nitrophenol at 29 hpi in sf9 cells
expressing FLAG-CD45-cat challenged with 0(®), 5(00), 10(M) or 50(Q) mM pNPP
for 15 min.

Figure 3b shows the absorbance of p-nitrophenol at 29 hpi in /9 cells
expressing FLAG-PTP1B-FL challenged with 0(®), 5(0), 10(m) or 50(Q) mM pNPP
for 15 min.

Figure 4 shows the substrate hydrolysis profiles of intact sf9 cells
infected with recombinant CD45-cat, PTP1B-FL or hCOX-1(mock) baculovirus as a
function of assay cell number. FLAG-PTP1B-FL (®), FLAG-CD45-cat(Q) or
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hCOX-1(m) infected sf9 cells were challenged with 10 mM pNPP for 15 min and the
amount of hydrolyzed substrate was determined by measuring the amount of p-
nitrophenol formed at ODygs .

Figure 5 shows a typical substrate hydrolysis profiles of intact sf9 cells
infected with recombinant PTP1B-FL, CD45-cat, CD45-FL or hCOX-1 (mock)
baculovirus. Infected cells harvested 29 hpi were washed and resuspended in
Hanks’/Hepes. Aliquotes of 2 X 10° cells/well were challenged with 10 mM pNPP
for 15 min and the amount of p-nitrophenol formed was detected at ODgs.

Figure 6 shows the ICso values of known inhibitors on the activity of
the PTPs; PTP1B-FL, CD45-cat and CD45-FL, and hCOX-1 (mock) expressed in the
insect cells sf9 at 29 hpi. The infected cells were washed and resuspended in
Hank’s/Hepes buffer (pH 7.4) at 37° C, and pre-incubated with different
concentrations of the indicated inhibitor for 15 min. These pre-incubated cells were
then challenged with 10mM pNPP substrate and the amount of the hydrolysis product,
p-nitrophenol, was measured spectrophotometrically at ODygs.

DETAILED DESCRIPTION

Protein tyrosine phosphatases are present in high amounts within cells. As a
consequence, it is difficult to evaluate the activity of specific PTPases above the
background of total cellular PTPases. PTPases have been overexpressed in
mammalian cells (sometimes to the detriment of cellular function) using various
overexpression systems. To date, the only way to discriminate between a specific
PTPase of interest and all other cellular PTPases is to monitor a downstream readout
parameter. For example, in the case of CD45, the amount of IL-2 secreted by Jurkat
cells is an indication of the activity of this PTPase. This downstream readout may
lead to the introduction of variables that may result in an erroneous outcome.

As used herein the term “transform”, refers to a general term for the
introduction of a nucleotide sequence into host cells including infecting host cells
with a recombinant virus. A representative example is a baculovirus vector
engineered with a nucleotide sequence of interest used to infect an insect cell for the
expression of the peptide encoded by the nucleotide sequence.

The present invention concerns the development of a cell-based method for measuring
the activity of a specific PTP. Particularly, the method relates to a direct measurement
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of PTP activity in a transformed eukaryotic host cell expressing exogenous PTP
activity.

Accordingly the present invention provides a method to directly assay PTP activity,
thus eliminating the effect of downstream variables.

Thus, the first embodiment of the present invention is directed to an intact cell assay
for a PTP. The PTP of interest is expressed in transformed eukaryotic host cells, the
transformed cells are incubated with a substrate and a direct measure of phosphatase
activity is obtained.

In a particular preferred embodiment there is provided a eukaryotic
host cell transformed with an appropriate expression vector having a nucleotide
sequence encoding a PTP. The nucleotide sequence encoding PTP optionally includes
any derivatives, variants or fragments capable of expressing the encoded PTP. All
these are within the scope of this invention. In a non-limiting example representative
PTPs selected for the purpose of this invention include CD45 and PTP1B having
GenBank Accession numbers Y00062 and G190741, respectively (Hooft van
Huijsduijnen, 1998, Gene 225:1-8). Other examples of PTPs useful for the purpose of
this invention are listed in Hooft van Huijsduijnen (supra).

The eukaryotic host cells used for the transformation include mammalian, fungal
(including yeast) and insect cells. In a particular embodiment, insect cells are the
preferred host cells. Non-limiting examples of insect cells include sf21, sf9, High
Five (BT1-TN-5B1-4), BT1-Ea88, Tn-368, mb0507, Tn mg-1, Tn Ap2, and whole
insect larvae.

In a specific embodiment of this invention, the host cell is the insect
cell sf9, which is transformed with appropriate insect cell recombinant virus. These
recombinant viruses that are able to transform and infect an insect cell line are well
known to a person skilled in the art and can be selected and used accordingly. These
are all within the scope of this invention.

In a most preferred embodiment of this invention, the cell-based assay
comprises sf9 insect cells transformed with a specific PTP recombinant baculovirus
for the expression of the specific PTP by the sf9 cells.

In a further aspect, the substrates used for the purpose of this invention
comprise compounds that are cell permeable and have a hydrolysable phosphate.
Non-limiting examples include fluorescein monophosphate, fluorescin diphosphate,
ELF 97 (obtained from Molecular Probes Inc.) and p-nitrophenyl phosphate (pNPP).
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In an additional aspect of this invention, PTP activity can be evaluated
either by a decrease in substrate concentration or an emergence of reaction product(s).
Different means for detecting the result of the phosphatase activity include
spectrophotometric, fluorescence, ELISA (enzyme linked immunoassay), RIA
(radioimmunoassay) and radioactivity (by tagging the substrate).

Of the different substrates tried by the Applicant, the substrate, pNPP
produced consistently reproducible and reliable results, with an endpoint that can be
easily measured.

Therefore in a specific embodiment of this invention, the preferred
substrate is pNPP. This substrate is cell permeable and is hydrolysed by PTP resulting
in the product p-nitrophenol. As described above p-nitrophenol can be measured by
means including spectrophotometric.

In a preferred embodiment the emergence of the product of pNPP, p-nitrophenol is
measured spectrophotometrically.

According to another embodiment, the present invention provides a
screening method to identify test compounds as inhibitors to PTP. Particularly, this
invention provides a screening method for identifying PTP inhibitors that are cell
permeable.

In this method, the assay of the present invention is performed in the
presence or absence of a test compound and the amounts of hydrolysed substrate
compared. A variance in the results may be an indication of the efficacy of a test
compound as a candidate inhibitor to PTP.

Therefore, this invention provides a screening method for identifying a
test compound as an inhibitor to PTP activity in a eukaryotic host cell, which
comprises the steps of: '

a) incubating a eukaryotic host cell transformed with a vector
containing a nucleotide sequence encoding a PTP in the presence of a PTP substrate
and the test compound under conditions which effect PTP activity;

(b) incubating the eukaryotic host cell transformed with a vector
containing a nucleotide sequence encoding a PTP in the absence of the test compound
under conditions which effect PTP activity; and

© comparing the results of step (a) and step (b).
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This invention further provides host cells transformed with nucleotide
sequences encoding PTPs. These transformed hosts may be used in the methods and
assays of this invention.

The methods and assays of the present invention, for measurin g PTP
activity can be comprised in a kit, such a kit includes: eukaryotic cells transformed
with a vector containing a nucleotide sequence encoding PTP, substrate for PTP
activity and appropriate buffers.

In an aspect of the present invention, the screening method can be
scaled up and adapted for a highthroughput system. Such a system is useful for
identifying an inhibitor to PTP for use as a research tool and for therapeutic
applications in mammals in need of such therapy.

EXAMPLES
Cell Culture

sf9 cells (Iinvitrogen, San Diego, CA, U.S.A.) were cultured in
spinner flasks at 28° C in Graces supplemented medium (Gibco-BRL,
Mississauga, Ontario, Canada) with 10% heat-inactivated fetal bovine serum
(Gibco-BRL) following the protocol of Summers and Smith (12).

Example 1 Construction of Recombinant Baculovirus Transfer Vectors

The cDNA for PTP1B came from Dr. R. L. Erikson, Harvard
University, USA. The CD45 cDNA was obtained from Dr. Frank J irik, University of
British Columbia, Canada. The recombinant baculoviruses were prepared using the
Bac-to-Bac Baculovirus Expression System (Gibco-BRL, Mississauga, Ontario,
Canada). Briefly, the genes of interest were cloned into the pFASTBAC donor
plasmid, which had been engineered to include a FLAG sequence at the 5° end of the
cDNA. The FLAG sequence allows for easy identification and purification of the
expressed protein of interest using the anti-FLAG M2 antibody (Intersciences Inc.,
Markham, Ontario). The resultant plasmids were transformed into competent
DHIOBAC E. coli cells. Following transposition and antibiotic selection, the
recombinant bacmid DNA was isolated from selected E. coli colonies and then used
to transfect sf9 insect cells. The virus found in the supernatant media was amplified
three times up to a total viral stock volume of 500 mL.
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Example 2 Production of Recombinant Proteins

Baculovirus infection of 500-mL spinner cultures of sf9 cells was done
essentially as described by Summers and Smith (12). Sf9 cells at a density of 1-3 X
10° cells/mL were pelleted by centrifugation at 300 g for 5 min, the supernatant was
removed, and the cells were resuspended at a density of 1 X 107 cells/mL in the
appropriate recombinant viral stock (MOI of 10). Following gentle shaking for 1.5 hr
at room temperature, fresh medium was added to adjust the cell density to ~1 X 10°
cells/mL and the cells were cultured in suspension at 28° C for the indicated times,
post-infection.

Example 3 Cellular Fractionation and Whole Cell Extracts from Infected sf9 Cells

At various times post-infection, aliquots of the infected cells were
removed, and protein expression analyzed by SDS-PAGE and western blot analysis.
Cellular fractionation was performed as follows. Infected sf9 cells were centrifuged at
300 g for 5 min and the pelleted cells washed with cold PBS. The cell pellets were
then resuspended in 1 mL of cold 0.1 M Tris, pH 7.4, 5 mM EDTA and sonicated 3 X
10 sec on ice. Samples were centrifuged for 10 min at 500 gat 4°C and the
resulting supernatants retained. The pellets were resuspended in 1 mL of cold
Tris/EDTA buffer, sonicated, and recentrifuged as described above. The two
supernatant fractions were pooled and centrifuged at 4° C for 60 min at 100,000 g.
The microsomal pellets were resuspended by a 2-sec pulse sonication in 0.1 M Tris,
pH7.4,5 mM EDTA.

Whole cell extracts were prepared from 1 mL aliquots of infected sf9
cells at the specified times post-infection. Pelleted cells (300 g, 5 min) were washed
once in PBS (4° C), resuspended in 50 uL of water and cell membrane disrupted by
freezing and thawing the pelleted cells. Protein concentrations were determined using
Coomasie Protein Assay Reagent Kit (Pierce, Rockford, II, USA) with bovine serum
albumin as the standard.

Example 4 SDS-PAGE/Western Blot Analysis

The expression and production of specific protein, time course of
expression and subcellular localization of the individual phosphatases from the
recombinant baculovirus infected sf9 cells was determined by western blot analysis.
Briefly, whole cell lysate and 100,000 g fractions (pellet or supernatant) were mixed

_8-
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with SDS sample buffer (60mM Tris.Cl [6.8], 10% SDS, 6% glycerol, 5% [3-
mercaptoethanol, 0.05% bromophenol blue), heated to 95° C for 4 min, and
electrophoresed on 10% Tris-glycine acrylamide denaturing gels (Novex, San Diego,
CA,US.A.). Proteins were transferred electrophoretically to nitrocellulose
membranes for 16 hr at 100 mA constant current using a Novex transfer apparatus.
The membranes were reacted with the following antibodies.

FLAG M2 Antibody

The nitrocellulose membranes were blocked for 30 min with 5%
powdered milk in 20mM Tris-HCI, pH 7.5, 500 mM NaCl, 0.1% Tween 20, followed
by 2 washes in the Tris/NaCl buffer containing (v/v) 1% Tween 20. The blots were
then incubated with 1/2000 final dilution of FLAG M2 Antibody (Intersciences Inc.,

Markham, Ontario) in Tris/NaCl buffer. Immunoreactive proteins were visualized by

using a 1/2000 dilution of anti-mouse Ig, horseradish peroxidase (Amersham,
Oakville, Ontario) as the second antibody and development by ECL as described by

the manufacturer (Amersham Life Science, Oakville, Ontario).

CD45 Antibody

The nitrocellulose membranes were blocked for 60 min with 5%
powdered milk in 10 mM Tris-HCI, pH 7.5, 100 mM NaCl, 0.1% Tween20. The
blots were immediately incubated with 1/500 dilution of anti-CD45 antibody
(Transduction Laboratories, Lexington, KY, U.S.A.) in blocking buffer for 1 h.
Following 6 washes in Tris/NaCl buffer, the blots were incubated for 1 h with a

172000 dilution of anti-mouse Ig, horseradish peroxidase. The immunoreactive
protein was visualized by ECL. |

The results shown in Figure 1A, indicate that FLAG-tagged PTP1B-
FL (~52kDa) is expressed by about 24 hpi, exponentially increases between 26 and 48
hpi, and then begins to be cleaved or degrade by 72 hpi. PTP1B-FL is present in the
membrane fraction of the sf9 cells at about 29 hpi and by about 48 hpi it appears
intact in the cytosol. However, by about 72 hpi, a 50 kDa cleavage product
predominates in the cytosol while the higher molecular weight form remains present
in the membrane fraction.

The expression pattern of FLAG-tagged CD45-cat is very similar to
that of PTP1B and is shown in FigurelB. The protein is observed beginning at about
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24 hpi with an apparent molecular weight of 98 kDa and continues to be exponentially
expressed to about 48 hpi. Extracts from the mock-infected (HCOX-1) sf9 cells at 25
and 30 hpi, as expected show no FLAG M2 antibody cross reacting with any proteins.
Since FLAG affinity purification on the M2 antibody column yields CD45-cat protein
in the supernatant fraction of lysed cells (data not shown), it is postulated that the
recombinant FLAG-tagged CD45-cat is localized in the cytosol of sf9 cells.

The expression of the full length CD45 shown in Figure 1C, is
significantly lower than that of the other two phosphatases, presumably reflecting the
membrane localization of this protein. CD45-FL is just visible at about 29hpi in
whole cell extract. At later time points of infection, about 49 and 80 hpi, the
~150kDa protein species predominates, but presumably many proteolytic degradation
products cross react with the anti-CD45 transmembrane antibody, especially when
protein gels are overloaded as is the case of the later timepoints. When infected cells
are fractionated at about 29 hpi there is no visible CD45-FL, however at about 80 hpi
the full length protein is clearly visualized intact and non-degraded, and as expected
appears to be localized mainly in the microsomal fraction.

Results of the western analysis demonstrate that the PTPs are
expressed at various but detectable levels at about 29 hpi. Further evaluation of the
infected sf9 cells by trypan blue at this time point, indicate that the cells are still
highly viable and demonstrating that the development of a cell-based assay for PTPs
activity is feasible.

Example 5 Intact Cell Assay Development

Sf9 cells were infected with PTP1B-FL, CD45-FL, CD45-cat or
HCOX-1 (11) (mock-infected) recombinant baculovirus. Infected cells were collected
29 hpi by centrifugation in Beckman GS-6R at 460 rpm (48 g) for 5 min, washed once
in assay buffer (Hanks’ solution buffered with 15 mM Hepes, pH 7.4 (Sigma, St.
Louis, MO, U.S.A.)) and recentrifuged at 300 rpm (21 g) for 10 min. The cells were
gently resuspended in assay buffer and examined using a hemacytometer for cell
density and viability by trypan blue exclusion. Assays were performed using a
Tomtec Quadra 96 pipeting robot, programmed to mix gently after each addition as
follows. Aliquots of 2 X 10° PTP expressing cells in 200 pL of Hanks’ solution were
dispensed into each well of 96-well polypropylene plates and pre-incubated either
with inhibitor or DMSO vehicle (3 uL) for 15 min at 37°C._ The pre-incubated cells

-10-
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were challenged with different concentrations of tissue culture grade pNPP (Sigma-
Aldrich Canada Ltd., Oakville, Ontario) for 15 min then pelleted by centrifugation for
3 min at 410 g and 4° C. Aliquots of 100 uL of supernatant were transferred to fresh
clear polystyrene 96-well plates and the amount of hydrolysis product determined
spectrophotometrically at ODygs. Phosphatase activity attributed to the recombinant
PTP is the difference in the amount of pNPP hydrolysis between the PTP expressing
and mock-infected cells.

Initial characterization of the PTP insect cell-based assays was carried
out at 29 hpi using PTP1B-FL and CD45-cat recombinant baculoviruses. Although
many substrates were analyzed (data not shown), pNPP was chosen for its consistent
and reproducibile results. The rate of hydrolysis of pNPP, as measured
spectrophotometrically at ODygs, correlated with substrate concentration, time of
substrate challenge, cell number, viral titer and final tyrosine phosphatase protein
expression. Using 2X10° PTP-expressing cells/well and varying the concentration of
pNPP between 0 and 50 mM, the hydrolysis of the substrate by PTP1B-FL and CD45-
cat during a 15 minute incubation followed very similar profiles.

Figure 2 illustrates typical pNPP hydrolysis patterns of these two
phosphatases. In the absence of cells, increasing concentrations of pNPP led to a
slight increase in the baseline absorbance at OD,os. Mock-infected (HCOX-1) cells
contain background levels of PTPs and therefore exhibit increased hydrolysis of
substrate with increasing substrate concentration. Sf9 cells infected with either
PTP1B-FL or CD45-cat recombinant virus showed marked hydrolysis of pNPP at low
substrate concentration with maximal levels of substrate utilization occurring at 10
mM pNPP for PTP1B-FL and CD45-cat. The window between PTP hydrolysis and
mock-infected cells represents the amount of substrate utilization due to the
recombinant tyrosine phosphatase.

Figure 3, shows the time course of different concentrations of pNPP
hydrolysis by sf9 cell expressing CD45-cat or PTP1B-FL. The hydrolysis appears to
be linear with respect to time, irrespective of substrate concentration or phosphatase
present in the sf9 cells.

Figure 4 demonstrates that in this assay the rate of substrate hydrolysis
is linear with respect to cell number.

A summary of the total output of PTP activity is shown in Figure 5. Intact uninfected
sf9 cells, challenged with 10 mM pNPP have a basal level of phosphatase activity as
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shown by the increase in the absorbance at 405 when compared to 10 mM
pNPP/Hanks alone. Intact sf9 cells infected with PTP1B-FL, CD45-cat and CD45-FL
have significantly increased rate of pNPP hydrolysis of 8.3, 7.1 and 2.4 fold
respectively when compared to mock-infected cell (background). These levels of
phosphatase activity correlate with the relative amount of protein visualized at 29 hpi
in western blot analysis (Figure 1), with the level of expression being the highest in
PTP1B-FL followed by CD45-cat and CD45-FL. In the case of PTP1B-FL and
CD45-cat, the amount of pNPP hydrolyzed by enzymes inside the intact sf9 cells
represents ~30% of the total hydrolysis that can occur if the cells are disrupted and the
enzymes released to be in direct contact with the substrate (data not shown).

The following conditions for subsequent experimentation were used.
Infected sf9 cells expressing either PTP1B-FL, CD45-cat or CD45-FL are harvested at
29 hpi by gentle centrifugation and resuspended in Hepes-buffered Hanks’ solution,
pH 7.4 at 37°C. An aliquot of 2 X 10° PTP-infected cells are challenged with a final
concentration of 10 mM pNPP for 15 min, centrifuged at 4° C and the amount of
substrate hydrolysis determined spectrophotometerically at ODgs.

Example 6 Inhibitor Titration and Characterization

The inhibition of PTP activity was determined by comparing the
amount of pNPP hydrolyzed in the presence of an inhibitor and in the DMSO treated
PTP expressing cells. Briefly, potential inhibitors are preincubated with infected sf9
cells for 15 min prior to a 15 min challenge with 10 mM pNPP.

The inhibitors studied include ouabain (Sigma-Aldrich Canada,
Oakville, Ontario), an inhibitor of Na-K ATPase known also to exhibit p-nitrophenyl
phosphatase activity; okadaic acid (Gibco-BRL, Gaithersburg, MD, U.S.A.), a known
serine/threonine phosphatase inhibitor; 30% H,0, (Aldrich), phenylarsine oxide
(Sigma, St. Louis, MO, U.S.A.), vanadate, and pervanadate. Vanadate and
pervanadate were prepared as described (13). This represents four known protein
tyrosine phosphatase inhibitors. The diflurophosphonomethyl phenylalanine
containing peptide inhibitor, a potent and selective PTP1B-FL inhibitor obtained from
the Merck sample collection.

Figure 6 tabulates the results of the potency and selectivity of the tested
inhibitors. Neither ouabain at 1 mM or okadaic acid at 6.7 uM had any effect on the
CD45-cat or background phosphatases in infected sf9 cells. As predicted, hydrogen
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peroxide and phenylarsine oxide showed limited potency and selectivity with ICsg
values in the range of 7 - 16 uM. Vanadate is not very potent on background tyrosine
phosphatases in mock-infected sf9 cells with an ICs of 1.6 uM, but appears to be very
effective at inhibiting the expressed PTPs with slightly greater selectivity (4.5X)
towards CD45 than PTPIB-FL. Of the tested compounds, pervanadate appears to be
the most potent inhibitor of CD45 and PTP1B-FL with ICs, values between 5 - 20
nM. Pervanadate is a general term for a variety of complexes formed between
vanadate and hydrogen peroxide. Pervanadate inhibits PTPs by the irreversible
inactivation of the active site cysteine, a mechanism distinct from the competitive
inhibitory nature of vanadate (13). The diflurophosphonomethyl phenylalanine
peptide is a proprietary compound that has been found to inhibit PTP1B-FL with an
ICso of 0.3 uM, a value that is similar to that of vanadate. This compound, however,
is 33-fold more selective for PTP1B-FL than CD45-FL, CD45-cat or background
phosphatases found in mock-infected sf9 cells.

DISCUSSION

The role of protein tyrosine phosphatases (PTPs) in the modulation of
signal transduction by tyrosine-kinase containing receptors and oncogene products
has been gaining more investigational attention. PTPIB, a cytosolic non-receptor
PTP, is one of the first PTPs identified and is implicated in the regulation of the
insulin signaling pathway (7-9). CD45 is a transmembrane receptor-type PTP
expressed on all hematopoietic cells except erythrocytes (14), is required for normal T
and B cell signaling (3,4,5). Thus, inhibition of PTP1B or CD45 could potentially
have therapeutic benefits in the areas of NIDDM or immunosuppression, respectively.
The successful development of intact sf9 cell-based assays for COX-1 and COX-2
(11) that could identify potent and isozyme selective NSAIDs prompted us to
investigate the use of the baculovirus system again. In order to define potent,
selective and cell-permeable inhibitors for intracellular phosphatases, a cell-based
assay utilizing sf9 cells infected with specific PTP recombinant baculoviruses was
developed.

An alternative method for discriminating between the activity of a PTP
of interest and endogeneous phosphatase activity is monitoring downstream readout
parameter. For example, in the case of CD45, the amount of IL.-2 secreted by Jurkat
cells can be used as a measure of the activity of this PTP. As documented previously
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(11) and the results presented in this study show, the baculovirus expression system
can be developed into cell-based assays for use in drug screening. We describe here a
“mix and read” intact cell assay for the activity of specific protein tyrosine
phosphatase, which eliminates potential interference of downstream sites in the signal
transduction pathway when evaluating a test compound. The PTP of interest is
overexpressed in sf9 cells for a short period of time which is not detrimental to
cellular function, challenged with an inhibitor then a substrate and direct read out of
inhibition is obtained. Thus, the advantage of such a cell-based assay is that there are
no intermediate steps between PTP enzyme inhibition and the endpoint readout.
Using intact sf9 cells expressing PTP1B or CD45, we have characterized known PTP
inhibitors, as well as, demonstrated that the assay can identify potent and highly
selective compounds inhibitory for a PTP of interest.

The sf9 insect cell line used in the baculovirus expression system is
derived from the ovarian tissue of the fall armyworm Spodoptera (12). Infection of
this cell line with recombinant baculoviruses for PTP1B and CD45 results in the
expression of these proteins.

The genome of the baculovirus Autographa californica encodes a 19
kDa protein tyrosine phosphatase (15). Sf9 cells appear to offer the cellular
environment and factors necessary for both PTP1B and CD45 phosphatase activity.
The cellular localization of the expressed PTPs was as expected, since the catalytic
domain of CD45 (CD45-cat) does not contain a transmembrane domain as the full
length CD45, it was expressed at high concentrations in cytosolic fractions. CD45-FL
is found to be minimally expressed (as compared to the general expression level of
many proteins) in the membrane fraction of sf9 cells, this is probably due to the fact
that it is a transmembrane protein and therefore proceeds through the Golgi prior to
insertion into the plasma membrane. The level of expression of the full length form
of CD45 at 29 hpi is the same as that found in an equivalent number of Jurkat cells,
which express very high amounts of CD45 per cell surface area (data not shown). The
full length PTP1B is anchored to the endoplasmic reticulum at its C-terminal (16).
PTP1B-FL is expressed at very high levels and found to be associated with the
membrane fraction at early time points post-infection. At about 48 hpi, a time when
the viability of the infected cells begins to decline, PTP1B-FL is found in the cytosol
and at greater than 72 hpi, a 50 kDa N-terminal fragment appears both in the
membrane and cytosolic fractions. This is presumably due to proteolytic breakdown
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of the protein. The demonstration that the expressed PTPs are found in the expected
cellular location provides an advantage for drug screening. Proper
compartmentalization may be necessary for PTP specificity of cellular substrate and
selectivity of some potential inhibitors based on intracellular drug distribution.

It was important to identify an appropriate time point for this assay, ie;
harvesting the recombinant cells at a timepoint when a sufficient amount of PTP is
produced and the cells remain healthy and viable (prior to the deleterious effects
associated with later stages of viral infection). The infected sf9 cells are harvested at
29 hpi, a timepoint when each of the PTPs is fully post-translationally modified,
properly targeted and active.

The cells expressing the appropriate PTP were assayed in 96-well
plates and mechanization was facilitated using the Tomtec Quadra 96 pipetting
device.

The effect of inhibitors on PTP activity is a measure of the change in
the hydrolysis of para-nitrophenyl phosphate (pNPP) when compared to a control.
Different substrates were tested, pNPP yielded the most consistent results.

The uptake of phosphate is important and vital in the metabolic
requirements of growth and replication in eukaryotic cells. The substrate, pNPP, is
presumed to be taken up into the sf9 cells by a phosphate transporter. The assay
demonstrates that the rate of hydrolysis of pNPP correlates well with the viral titer
used to infect the sf9 cells, as well as, cell number and substrate concentration.
Further, the window of phosphatase activity between the PTP of interest and the
background activity in mock-infected cells correlates with amount of protein
expressed. Of the three PTPs tested PTP1B-FL and CD45-cat were most highly
expressed with a 6 and 5-fold window of pNPP hydrolysis activity, respectively.
CD45-FL was barely detected by Western and concomitantly showed a 1.5-fold
window of activity.

The profiles of the inhibitors shown in Figure 6, demonstrated sigmoidal shaped ICs,
curves in this assay.

Na-K-ATPase is known to exhibit pNPP hydrolyzing activity. To
demonstrate that the amount of p-nitrophenol detected in the present assay was due to
phosphatase activity, ouabain, an inhibitor of Na-K-ATPase, was tested and showed
no inhibition up to 1 mM for both the background infected cells and CD45 expressing
cells. Serine/threonine phosphatases do not hydrolyse pNPP since okadaic acid (17-
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19) had no effect. H,O; has been shown to inactivate recombinant PTP1B in vitro by
oxidizing its catalytic site cysteine (20). Direct exposure of cells to H,O, activates
signal transduction pathways by increasing protein tyrosine phosphorylation (21-23).
The testing of H,0, in our cell-based assay indeed showed that non-selective
inhibition of PTP1B or CD45 in the ICsq range of 10-15 uM is obtained. Phenylarsine
oxide is a documented membrane permeable inhibitor of protein phosphotyrosine
phosphatases (24), the results confirm that it is a non-potent, non-selective inhibitor of
PTP1B and CD45 expressed within sf9 cells. Vanadate is a general PTP inhibitor
(25) found to be competitively and reversibly bound at the active site (13) with
insulin-mimetic properties (26), and in human clinical trials its been shown to be
potentially useful in treating NIDDM (27). Vanadate was chosen to validate the assay
described herein. It was found to be more potent than H,O, and phenylarsine oxide at
inhibiting the expressed phosphatases and appears to be slightly more selective for
CD45 than PTP1B. Pervanadate, a complex of vanadate and H,O,, is also an insulin-
mimetic and is documented as being more potent at increasing the levels of cellular
tyrosine phosphorylation (28-32). It was found to be an irreversible inhibitor of
PTPIB (13). Our data correlates and substantiates these observations. Pervanadate
was 7-15 times more potent than vanadate in inhibiting CD45 and PTP1B expressed
in the sf9 cell assay, though this inhibition is non selective. PTP inhibitors have value
as biological research tools in the understanding of signal transduction pathways and
as therapeutic agents with the potential of treating diseases and conditions needing the
inhibition of specific protein tyrosine phosphatases.

In a successful application of this invention, the screening effort has
uncovered a test compound, diflurophosphonomethyl phenylalanine. This compound
containing peptide is cell permeable and >33-fold selective, potent PTP1B inhibitor.
This compound is a nonhydrolyzable phosphotyrosine mimic, which functions as a
competitive inhibitor at the catalytic site.

The baculovirus expression system can supply recombinant protein for
enzymatic characterization, X-ray crystallographic studies, in vitro purified enzyme
and microsomal assays and as reported previously (11) and here, reliable cell-based
assays. The PTPIB and CD45 assays presented herein are mere representative
examples of PTPs. It is the intent of the Applicant, that this assay be used for any
PTP. Therefore, this invention encompasses any PTP for the purpose of providing an
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opportunity to uncover potentially useful inhibitors to a PTP that may be useful as a

research tool and in the treatment of many yet to be identified therapeutic targets.
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WHAT IS CLAIMED IS:

1. A method for assaying protein tyrosine phosphatase (PTP)
activity in a eukaryotic host cell comprising the steps of:

(a) transforming a host cell with a vector containing a nucleotide
sequence encoding a PTP to provide a transformed host cell line;

(b) incubating said transformed host cell with a substrate to said
PTP activity; and

(c) comparing the amount of PTP activity in the transformed host

cell to a standard.

2. A method for identifying a test compound as an inhibitor of a
PTP comprising the steps of:

(a) incubating a eukaryotic host cell transformed with a vector
containing a nucleotide sequence encoding a PTP in the presence of a PTP substrate
and the test compound under conditions which effect PTP activity;

(b) incubating the eukaryotic host cell transformed with a vector
containing a nucleotide sequence encoding a PTP in the presence of the PTP substrate
and in the absence of the test compound under conditions which effect PTP activity;
and

(c) comparing the results of step (a) and step (b).

3. A method of claim 1 wherein said vector is a recombinant

baculovirus expressing said PTP.

4, A method of claim 2 wherein said vector is a recombinant

baculovirus expressing said PTP.

5. The method of claim 3, wherein said eukaryotic host cell is an
insect cell line.

6. The method of claim 5, wherein said substrate is cell permeable
and is hydrolyzed by said PTP activity.
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7. The method of claim 6, wherein said PTP is selected from
PTPI1B and CD45.

8. The method of claim 7 wherein said substrate is p-nitrophenyl
phosphate and is hydrolysed to p-nitrophenol by said PTP activity.

9. The method of claim 8, wherein said p-nitrophenol is measured

by spectrophotometric, radioactive, fluorescence or immunological means.

10. The method of claim 9, wherein said measurement is

spectophotometric.

11. A eukaryotic host cell transformed with a nucleotide sequence
encoding a specific PTP selected from CD45, PTP1B or TCPTP.

12. The host cell according to claim 11, selected from a group
consisting of insect and mammalian cells, and fungi including yeast cells.

13. The host cell according to claim 12, wherein said host cell is an
insect cell.

14. The host cell according to claim 13, wherein said PTP is CD45.

15. The host cell according to claim 13, wherein said PTP is
PTPIB.

16. A kit for assaying a protein tyrosine phosphatase (PTP) activity
in a eukaryotic host cell including:

(a) a host cell transformed with a vector containing a nucleotide
sequence encoding a PTP,

(b) positive and negative control reagents for said PTP activity, and

© a substrate to said PTP activity in an appropriate buffer.
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