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Receptor Protein-Tyrosine
Phosphatase a (RPTPa) is a
transmembrane
protein with two cytoplasmic
catalytic
protein-tyrosine
phosphatase
(PTP) domains and a
relatively
short (1 23 amino acids) extracellular
domain.
Here we report
that treatment
of transfeded
cells that
express RPTPa
with the phorbol ester 12-0tetradecanoyl-phorbol-1
3-acetate,
a dired adivator
of
protein kinase C, induced a rapid, transient increase in
RPTPa
adivity
due to a 2- to 3-fold increase in substrate
affinity.
A transient increase in RPTPa serine
phosphorylation
was concomitant
with the enhanced
activity.
Tryptic
phosphopeptide
mapping
of RPTPa
demonstrated
that phosphorylation
of three tryptic
peptides was enhanced in response to phorbol ester. In
vitro dephosphorylation
of RPTPa from phorbol estertreated cells reduced RPTPa adivity to prestimulation
levels, indicating that enhanced serine phosphorylation
diredly
accounted
for the increase in adivity.
Our
results demonstrate
that serine phosphorylation
may
play a key role in the regulation of the adivity
of
transmembrane
PTPs.
Introdudion
Protein phosphorylation
signaling

on tyrosine

mechanisms,

residues,

is of profound

one

of the

importance

for cellular
processes such as proliferation
and diffementiation. Cellular
P.Tym4 bevels are regulated
by the PTKs and
PTPs. The PTKs have been studied extensively
in the past
decade, providing
insight into the regulation
of PTK enzymatic activity
and in the robe of PTKs in cell signal transduction
(1 , 2). Relatively
little is known
about the mole of
PTPs in cell signal transduction
or about regulation
of PTP
activity.
In recent years, more than 40 PTPs have been cloned,
based on sequence
homology
in the catalytic
PTP domain
(3-5). RPTPa (also known as LRP; Ref. 6) is a tmansmembrane member
of the PTP family
with a relatively
short

Received
1 0/i 9/94;
revised 12/7/94; accepted
12/23/94.
1 J.d.H.
is the recipient
of a Dutch Cancer Society Fellowship.
2 To whom
requests for reprints should be addressed.
Present address:
Kerklaan 30, 9750
4 The abbreviations
3

kinase;

Rijksuniversiteit
Groningen,
Department
of Genetics,
AA Haren, the Netherlands.
used are: P.Tyr, phosphotyrosine;
PTK, protein-tyrosine

PTP, protein-tyrosine

phosphatase;

RPTPa,

receptor

protein-tyrosine

phosphatase
a; EC, embryonal
carcinoma;
PKC, protein kinase C; SH2, Src
homology
2; MBP, myelin basic protein; TPA, 1 2-O-tetradecanoyl-phorbol1 3-acetate;

(7) that is highly glycosylated

tmansmembrane

PTPs,

RPTPa

has two

(8). Like

homologous

cytoplasmic
catalytic
PTP domains.
The domain
closest
to
the membrane
exhibits
the majority
of the enzymatic
activity, while the second domain
has low but detectable
activity
(9,
1 0). Specific
physiological
substrates
have not been

identified
for RPTPcV, although
it has been demonstrated
that ovemexpression
of RPTPa leads to specific dephospho-
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AP,

alkaline

phosphatase.

rylation

of the cytoplasmic

PTK c-Src

(i i

, 1

2). RPTPa

may

play an important
robe in neuronal
differentiation,
since
RPTPa mRNA expression
is enhanced
during neuronal
diffementiation
of three distinct cell lines. Moreover,
overexpression of RPTPa in P19 EC cells dramatically
alters the
differentiation
fate of these cells in favor of neuronal
differentiation

(1 2).

Semine phosphorylation
lation of PTP enzymatic
tion of PKC or cyclic

increase

in cellular

phosphorylation

has been

implicated

in the megu-

activity
in several
studies.
ActivaAMP-dependent
kinase
leads to an

PTP activity

event

through

(i 3). In addition,

an ill-understood
several

PTPs have

been found to be phosphoproteins,
including
the transmembrane
PTP CD45 and the cytoplasmic
PTPs PTP1 B and
PTP-PEST (i 4-i 7). CD45 semine phosphorybation
is reduced
in response

to treatment

ofcells

with

the calcium

ionophore

ionomycin,
which is concomitant
with a reduction
in CD45
PTP activity (1 5). Phorbol ester treatment
of cells activates
PKC (1 8) and leads to an increase in CD45 semine phosphorylation

ybation
cantly

(1 4). However,

of CD45

does

(i 9). Three

PKC-mediated

not modulate

major

serine

serine

CD45

phosphor-

activity

phosphorylation

signifi-

sites

have

been identified
in the cytoplasmic
PTP1 B. Ser378 and
Ser386 are substrates of PKC and p34CDC2,
respectively,
while the kinase for Sem352 is not known.
No significant
modulation
of PTP1 B activity could be detected upon phosphorylation

of these

on Ser39 and
cAMP-dependent
results

sites

(i 6). PTP-PEST

Ser435 following
protein kinase.

in a decrease

is phosphomylated

stimulation
Phosphorylation

in PTP-PEST

activity,

of PKC or
of Ser39

while

Ser435

phosphorylation
does not modulate
PTP-PEST activity
dimectly (1 7).
PTPs have been found to be phosphorylated,
not only on
serine but also on tyrosine.
CD45
is phosphorylated
on
tymosine following
stimulation
of T cells after pretreatment
with the PTP inhibitor
phenylarsene
oxide
(20, 2i). In ad-

dition, the cytoplasmic
Syp (also known as PTP1 D) is phosphorylated
on tyrosine
upon stimulation
of cells with
growth factors and in v-Src-transformed
cells (22, 23). It
remains
to be determined
definitively
whether
tyrosine
phosphorylation
affects Syp activity.
Recently,
we have
demonstrated
that RPTPa is constitutively
phosphorylated
on tyrosine and serine in NIH 3T3 cells (i 0). The tyrosine
phosphorylation
site is located at Tyr789, five residues from
the COOH terminus.
Phosphorylation
of Tyr789 may have
a negative effect on RPTPa activity,
but since RPTPa has
autodephosphorybation

effects

accurately.

activity,

it is difficult

to assay

these
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P19-N-2
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(100 ng/ml) for the times indicated.
293 cells
were transiently
transfected
with vector alone (pSG5, s) or with pSG-RPTPa (A). RPTPa immune complexes
were incubated
with 32P.Tyr containing
MBP, and
Ftp activity is expressed as free phosphate
released from the substrate in cpnilmg
protein that was used for the immunoprecipitations.
B, time curve of RPTPa
PTP activity in immune complexes
from control (0) and TPA-stimulated
P1 9-N-2 cells (1 00 ng/ml for 10 mm, 0) or control (#{149})
and TPA-stimulated
P1 9-RPTPa-75
cells (U). C, Lineweaver-Burk
plot of RPTPa activity
from control
(#{149})
or 10-mm TPA-treated
(100 ng/ml,
) P19-RPTPa-75
cells.
Reciprocal
substrate
concentrations (1/[S]) is plotted against reciprocal velocity of the reaction (1/ti’). All assays were performed at least three times in duplicate with similar results.
Representative
experiments
are depicted
as the mean from duplicate
experiments,
and the SE (bars) as depicted
in (A) was less than 10% for all points.
(0),

P1 9-RPTPa-75

cells

(S),

or transiently

transfected

human

embryonic

kidney

Tymosine phosphorylation
of PTPs may not only directly
affect PTP activity but also provide
binding
sites for SH2domain
containing
proteins,
since SH2 domains
bind to
short P.Tym-containing
sequences
in specific
phosphoproteins (24). Conditions
that induce tyrosine phosphorylation
ofCD45
lead to binding ofthe cytoplasmic
PTK Lck through
its SH2 domain
(21). In addition,
tyrosine-phosphorylated
Syp (PTP1 D) binds to the SH3-SH2-SH3
adapter protein
GRB2 in an SH2-dependent
manner (25). RPTPa is phosphorybated
on Tyr789, a consensus
binding
site for GRB2
(i 0). We and others have shown that GRB2 binds to RPTPa
in vitro and in vivo (10, 26) and that phosphorylation
of
Tyr789 is essential for binding.
Here we report that phombol ester-mediated
activation
of
PKC induces a transient increase in RPTPa serine phosphorylation,
activity.

concomitant
Enhanced

with
a transient
increase
phosphorylation
is essential

crease in activity,
since dephosphorylation
stimulated
cells in vitro reduces its activity
levels.
Results

in RPTPO
for the in-

of RPTPa from
to prestimulation

and Discussion

The effect of TPA-mediated
activation
of PKC on RPTPa
activity
and phosphorylation
was investigated
in two distinct cell systems, stably transfected
Pi 9 EC cells and iransiently transfected
human embryonic
kidney 293 cells. P19
EC cells expressing
RPTPa and control cells were derived
by

stable

transfection

of

pSG-RPTPa

(P1 9-RPTPa-75)

or

vector alone (P1 9-N-2) (1 2). Undifferentiated
P1 9 EC cells
are not responsive
to TPA. However,
retinoic
acid (iO.6
M)-induced
differentiation
for 5 days renders P1 9 cells fully
responsive
to TPA, such that, for instance,
early-response
gene expression
can be detected
within
1 5 mm of TPA
treatment
(27).
RPTPa activity was assayed using RPTPa immune
complexes from 5-day retinoic acid-treated
P1 9-RPTPr-75
cells
or Pi9-N-2
cells with 32P.Tym-containing
MBP as a substrate. RPTPa immune
complexes
from
Pi9-N-2
cells
showed only background
levels of PTP activity
that were
not influenced
by treatment with TPA for up to 20 mm (Fig.
1 , A and B). Dephosphorylation
by RPTPa immune
com-

293

cells

after

treatment

with

TPA

plexes from Pi 9-RPTPa-75
cells, treated with TPA for different periods of time, demonstrated
that RPTPa activity is
enhanced
transiently
with maximal
levels of i .5- to 2-fold
over control levels after TPA treatment
for 1 0 mm (Fig. 1 A).
Similar activation
ratios (i .5- to 2-fold) were observed
in
transiently
transfected
293 cells following
treatment
with
TPA for iO mm (Fig. 1A).
Time
courses
of RPTPa-mediated
dephosphorylation
were determined
by allowing
the reaction to proceed for
i-i 4 mm. As depicted
in Fig. 1 8, initial velocities
of MBP
dephosphorylation

are

linear

for

at least

5 mm

for

both

control as well as 1 0-mm TPA-treated
Pi 9-RPTPr-75
cells.
RPTPa immune
complexes
from P1 9-RPTPr-75
cells
were incubated
with different concentrations
of substrate to
determine
the influence
of TPA treatment
on the enzymatic
parameters
Km and Vmax.
As can be deduced
from the
Lineweavem-Burk
plot in Fig. i C, Vmax did not change
significantly
by treatment of the cells with TPA for 1 0 mm. The
Km ofcontrol
RPTPa-mediated
MBP dephosphorylation
(Km
-1 2 pM)
is in the same range as the Km of purified
human
RPTPa (Km i0
PM; Ref. 28). Following
stimulation
of the
cells with TPA for 1 0 mm, the Km was reduced 2- to 3-fold
(Km 5
pM),
indicating
that enhanced
RPTPa activity was
caused by an increase in substrate affinity.
The phosphorybation
state of RPTPa was investigated
by
immunoprecipitation
from [32P1P1-labeled transiently
transfected 293 cells. Fig. 2A shows that RPTPa is a phosphoprotein. Treatment
of the cells with TPA led to a transient
increase
in RPTPa phosphorylation
with maximal
levels
after iO mm. As a control,
RPTPO was immunoprecipitated
from [35Sjmethionine
and [35Sjcysteine-labeled
cells that
were cultured
in parallel. Treatment
of these cells with TPA
did

not

induce

large

modulations

in the amount

of RPTPa

that was immunoprecipitated
(Fig. 2B). The stoichiometry
of phosphorylation
of RPTPa in transiently
transfected
293
cells was determined
by parallel 32P- and 35S-labeling
and
immunopmecipitation
of RPTPa. RPTPa in control cells contamed 0.37 mol phosphate/mob
and 1 .26 mob phosphate/
mob in 10-mm, TPA-treated
cells.
Phosphoamino
acid analysis demonstrated
that RPTPa
was exclusively
phosphorylated
on serine in resting cells.
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Transient
immunoprecipitation

fected
(100

with
ng/mI)

as described
in “Materials
in pH 1 .9 buffer, followed

The anode
was at left, and chromatography
direction.
A, RPTPO from control
cells.
B, RPTPO
cells (1 00 ng/mI for 1 0 mm). Arrows,
the three major tryptic
The origin
is marked
with an X.

In these experiments,
although
we have
tively
phosphomylated

we did not detect any P.Tym in RPTPa,
reported
earlier
that RPTPa
is constituon tyrosine
(1 0). The data presented

the autodephosphomylation

activity

of RPTPa,

since
RPTPS
phosphorybation
and activity
were
studied
under exactly
the same experimental
conditions,
i.e., in the
absence
of PTP inhibitors.
In addition,
the antiserum
that
was used in this study was raised against
a COOH-terminal
peptide.
This peptide
encompasses
Tym789,
the tymosine
phosphomylation
site of RPTPa, and phosphomybation
of this
site may impair
binding
ofthe
antibody
to RPTPa. We have
repeated
the experiments
depicted
in Fig. iA with an antibody raised
against
the complete
cytoplasmic
domain
of
RPTPa with similar
results (data not shown),
indicating
that
the observed
effect
is not an artifact
of the anti-peptide
antibody
that was used in these studies.
Immunoprecipitation
of RPTPa
from stably
transfected
Pi9-RPTPa-75
cells illustrated
a similar
phosphorylation
pattern as in transiently
transfected
293 cells, with maximal
bevels of phosphorybation
after 10-mm
TPA treatment
(Fig.

2D).

116-

43

mapping
was done
were electrophoresed

RPTPcX was isolated
immunoprecipitation,

chromatography.

here reflect

I

mapping
of RPTPa.
transfected
293 cells by

in the vertical

from TPA-treated
phosphopeptides.

.i::::

#{149}

D

phosphopeptide
transiently

phosphorylation
of RPTPa in response
to TPA in vivo. A,
of RPTPS from 32P-labeled
293 cells transiently
transpSG5 (-) or pSG-RPTPa
(RPTPa)
following
stimulation
with TPA
for the times indicated.
B, immunoprecipitation
of RPTPa from

l’5Slmethionineand l35Slcysteine-labeled
293 cells transfected
and stimulated as under
(A). C, phosphoamino
acid analysis
of 32P-labeled
RPTPO
depicted
in (A). Immunoprecipitated
RPTPQ
from
control
(C) and TPAtreated
cells (TS, 5 mm;
Tb,
10 mm;
T15, 15 mm) were
analyzed.
The
positions
of P.Tyr, P.Thr, and P.Ser markers
that were coelectrophoresed
with
the samples
are indicated.
0, immunoprecipitation
of RPTPO from
32Plabeled
stably transfected
control
(Pi9-N-2)
and Pi9-RPTPa-75
cells following treatment
with
TPA (100
ng/ml)
for the times
indicated.
Molecular
weights
of marker
proteins
that were coelectrophoresed
with the samples
are
indicated
on the left (in thousands).
Arrow,
position of RPTPO.

TPA treatment
and very low

led to an increase
bevels of threonine

in serine phosphomylation
phosphorylation
(Fig. 2C).

Tryptic
phosphopeptide
mapping
experiments
using
in
vivo-labeled
RPTPa
resulted
in three major
phosphopeptides in unstimulated,
transiently
transfected
293 cells (Fig.
3A). TPA treatment
enhanced
phosphorylation
of these
three phosphopeptides,
and traces of novel
phosphopeptides could be detected
(Fig. 3B). Quantitation
ofthe
tryptic
peptides
in Fig. 3 using an AMBIS
scanner
indicated
that
phosphorylation
ofthe major peptide
in control
cells (Fig. 3,
thick arrow)
was enhanced
2.5-fold
in i 0-mm,
TPA-treated
cells, while phosphorylation
of the two minor peptides
(Fig.
3, thin arrows)
was enhanced
5-fold.
The semine phosphorylation
sites of RPTPa have been mapped
recently.5
The
major
peptide
(Fig. 3, thick
arrow)
contained
P.Sem204,
while
the minor
peptides
(Fig. 3, thin arrows)
both contamed P.Semi 80. In addition,
both Semi 80 as well as Sem204
could
be phosphomybated
by PKC in vitro, indicating
that
these sites may be direct substrates of PKC in vivo as well.
It is noteworthy
that both Semi8O as well as Sem204 are
located
in the juxtamembrane
domain
of RPTPIz. To date,
no semine phosphorylation
sites have been found
in the
catalytic
domain
of PTPs. Sem352, Sem378, and Ser386
in

5

5. Tracy,

P. van

der

Geer,

and

T. Hunter,

manuscript

in preparation.
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endogenous
RPTPLS in unstimulated
NIH 3T3 cells is qualitatively
very similar
to phosphorylation
of RPTPa in transfected 293 cells (i 0). However,
TPA stimulation
of NIH 3T3
cells leads to only a small increase
in RPTPcX phosphomylation (data not shown).
This may indicate
that the observed
effects
are cell type specific,
and analysis
of endogenous
RPTPct phosphomylation
in other
cell lines will establish
whether
enhanced
RPTPt
serine
phosphorylation
and activity in response
to activation
of PKC is a general
phenomenon. The mole of RPTPa activation
by serine phosphomylation
in cell
signaling
can
only
be determined
upon
identification
of physiological
substrates
of RPTPa. It will be
interesting
to see whether
PKC-mediated
activation
of

I 400
1200
E
1000

.

I
.2
a

800

600

400

RPTPa

200

leads

to (more

rapid)

dephosphomylation

of those

substrates.
0

Materials
Cells

Fig. 4.
Serine
phosphorylation
regulates
RPTPO
activity
directly.
RPTPce
was immunoprecipitated
from control
(N-2) cells or P19-RPTPa-75
(RPTPa75) cells treated
with TPA (100 ng/ml)
for 0 and 10 mm. Following
immunoprecipitation,
the Sepharose
beads were incubated
with AP or with buffer
alone.
Subsequently,
the RPTPS
immune
complexes
were washed
extensively with M6 PTP assay buffer and incubated
with 32P.Tyr containing
MBP
for 2.5 mm. Dephosphorylation
was assayed
as described
in “Materials
and
Methods”
and is given as free phosphate
released from the substrate
in
cpm/mg
protein
that was initially
used for the immunoprecipitations.

PTPi B are located
to the COOH-terminal
side of the PTP
domain
(1 6). The two major sites in PTP-PFST are located
at
Sem39 and Sem435, to the NH2-terminab
and COOH-temminab side ofthe
PTP domain,
respectively
(i 7). It is interesting
that semine phosphorylation
outside
the catalytic
PTP domain regulates
RPTPa and PTP-PFST
activity,
which
may
indicate
that serine
phosphorylation
of these PTPs modulates substrate
recognition.
In order to determine
the effect of serine phosphomylation
on RPTPa activity
directly,
we phosphorylated
bacterially
expressed
RPTPa with PKC in vitro. However,
the stoichiometry
of in vitro phosphorylation
of RPTPa was too low
(approximately
0.1 mob phosphate/mob)
to measure
a significant
increase
of RPTPa activity
(data not shown).
Themefore, we dephosphorylated
RPTPa
immune
complexes
in
vitro using AP to establish
whether
phosphorylation
of
RPTPa directly
causes the increase
in activity.
AP treatment
of RPTPa
immune
complexes
from
in vivo
32P-labeled
Pi9-RPTPa-75
reduced
phosphorylation
of RPTPS to undetectable
levels, indicating
that AP efficiently
dephosphorybated
RPTPa
(data not shown).
Fig. 4 demonstrates
that
RPTPa activity
from TPA-treated
(i 0-mm)
cells was reduced
to prestimulation
levels following
AP-treatment
of the immune
complexes.
AP treatment
of RPTPa
immune
complexes
from control
cells did not affect RPTPa activity
significantly.
Therefore,
it appears
that
the
basal
level
phosphomylation
of RPTPa does not play a role in regulation
of RPTPa
activity.
The reduction
in RPTPa
activity
from
TPA-tmeated
cells
by in vitro dephosphomylation
demonstrates that enhanced
serine phosphorylation
of RPTPa
is
directly
responsible
for the increase
in activity.
We demonstrate
here that the activity
of the transmembrane RPTPa can be regulated
by serine phosphomybation
in
transiently
and stably transfected
cells. Phosphomylation
of

and

and Methods
Plasmids.

Human

embryonic

kidney

293

cells

(29) were cultured
in DMFM
supplemented
with i0% bovine calf serum.
Pi 9 FC cells (30) were cultured
in DMFM
supplemented
with 7.5% fetal calf serum. Stably transfected
derivatives
of Pi 9 FC cells,
either
control
(Pi 9-N-2)
or
expressing
RPTPa at high levels (Pi 9-RPTPa-75),
have been
described
(12) and were cultured
like wild-type
P19 FC
cells.
The SV4O promoter-driven
expression
vectors
pSG5 (3i)
and pSG-RPTPa
(i 2) were used for transient
transfection
of
293 cells by calcium
phosphate
precipitation.
Briefly,
i 0 pg
plasmid
DNA
was mixed
with 200 p1 2 X HBSP [42 m’i
HFPFS, 275 mM NaCI,
iO mtvt KCI, 1.4 mM Na2HPO4,
and
m
dextrose
(pH 7.05)]
and 200 p1 250 mti CaCI2 and
left for 25 mm at room temperature.
The precipitate
was
resuspended
and added directly
to the medium
on the cells.
After overnight
incubation,
fresh medium
was added to the
cells, and another
24 h later, the cells were harvested.
Metabolic
Labeling
and Immunoprecipitation.
Cells
were labeled
to equilibrium
in phosphate-free
medium
supplemented
with [32P1P1 (0.5 mCi/mI;
ICN Radiochemicals)
for 2 h. Alternatively,
cells were incubated
in cysteineand
methionine-free
medium
supplemented
with [35Slcysteine
and [35S]methionine
(25 pCi/mb;
ICN Radiochemicals)
for
i 4 h. The cells were lysed in nondenatuming
cell lysis buffer
[50 mM HEPFS (pH 7.4), i 50 msi NaCI, i mt MgCb2, i m
FGTA, 1 % Triton X-i 00, i 0% glycerol,
i 0 u/mI aprotinin,
i
mM phenylmethylsulfonyl
fluoride,
100 M
NaF, 30 mtvt
p-nitmophenybphosphate,
and 10 mivt PPJ. RPTPa was immunoprecipitated
using anti-RPTPa
antiserum
2A (7) bound
to protein
A-Sephamose
(Phammacia).
The
beads
were
washed
four times in HNTG
[20 mivt HEPFS (pH 7.4), 150
mM NaCI,
i0% glycerol,
and 0.1% Triton
X-iOO) and used
for in vitro PTP assays or resuspended
in Laemmli
sample
buffer and fractionated
on SDS polyacrylamide
gels.
PTP Assays. For the in vitro PTP assays, MBP (Sigma
Chemical
Co.) was phosphomylated
on tymosine
using immunoprecipitated
human
epidermal
growth
factor receptor
and [y-32PJATP.
32P-labebed
MBP was separated
from free
Iy-32PIATP
by precipitation
with 25% tmichboroacetic
acid.
Using this protocol,
typically
80-90%
ofthe
phosphate
was
incorporated
in P.Tym in MBP,
as determined
by phosphoamino
acid analysis
(data not shown).
Immune
complex
PTP assays
were
performed
using
RPTPS immunoprecipitated
from cell lysates (1-3 mg protein/sample)
as described
above.
RPTPa
immunoprecipitates were washed
four times with HNTG
and twice
in PTP

io

Cell Growth

assay buffer without
MES (pH
28].

3-mercaptoethanol

5% glycerol,

Dephosphorybation

volume)
with 4
2.5

6.0),

reactions

were

done

in 50 p1 (final

M6 buffer containing
0.1% f3-mercaptoethanol
32P-Iabebed MBP (80-200
X i0 cpm/nmol)

M

mm

[M6 buffer: 20 mivi
Triton X-iOO; Ref.

and 0.i%

at 37#{176}C.Dephosphorybation

reactions

were

for

temmi-

nated

by the addition
of 750 p1 stop buffer (0.9 M HCI, 90
mM PPi, 2 mM Na2HPO4,
and 4% activated charcoal;
Nomit
A; Ref. 32). Free [32Pjphosphate
in the supemnatant
was
determined
by Cerenkov
counting.
RPTPa immune
complexes
were dephosphorylated
by
AP (Boehringer-Mannheim)
for 20 mm at 37#{176}C,
exactly as
described
by the manufacturer.
AP-treated
immune
cornplexes were washed five times in M6 buffer without
f3-rnemcaptoethanol,
prior to the assay of PTP activity as described
above.
Tryptic
Phosphopeptide
Mapping
and Phosphoamino
Acid Analysis. Tryptic
phosphopeptide
mapping
and phosphoamino
acid analysis was done exactly as described
by
Boyle et a!. (33). 32P-Iabebed
irnrnunoprecipitated
RPTPa
was ebuted from the dried gel, precipitated
with trichboroacetic acid, oxidized
using performic
acid, and digested
with trypsin. The samples were loaded on TLC plates and
fractionated
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