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ABSTRACT. Identification of physiological substrates of protein tyrosine phosphatases is a key step in
understanding the function of these enzymes. We have generated fibroblast cell lines having a gene-
targeted PTP-PEST in order to identify potential substrates with the premise that specific substrates of
this enzyme would exist in a hyperphosphorylated state. Analysis of the profile of the phosphotyrosine
proteins in the PTP-PEST/— cells revealed the presence of hyperphosphorylated proteins of 180, 130,
and 97 kDa when compared to control cells. The p130 was identified as®312Md direct
immunoprecipitates of p188demonstrate that this protein is constitutively hyperphosphorylated in cells
lacking PTP-PEST. In addition, p188was also isolated by the substrate-trapping mutant of PTP-PEST

in the PTP-PEST-/— cell lysates. Interestingly, we have demonstrated for the first time that PTP-
PEST, through its first proline-rich sequenPPKPPR?’, interacts with other members of the p£30

family (Hefl and Sin) via their SH3 domain in vitro. This result suggests that Hefl and Sin could also
be potential substrates of PTP-PEST. In conclusion, we have combined genetic and biochemical strategies
to allow the identification of PTP-PEST substrates. This experimental approach could potentially be
used to identify substrates of other PTPases. Furthermore, the Cas-like molecules Hefl and Sin associate
via their SH3 domains with a proline-rich motif found on PTP-PEST, suggesting the possibility that
PTP-PEST could be a general modulator of the Cas family of proteins.

Phosphorylation on tyrosine residues is an important performing substrate-trapping experiments, the phosphoty-
mechanism for transmitting extracellular stimuli in cellular rosine content of the protein sources must be elevated. To
events such as cell attachment, mitogenesis, differentiation,achieve this, two approaches are currently used: first,
and migration (for review, see ref). Protein tyrosine  physiological stimulation of cells, such as with EGF, which
phosphorylation levels are regulated by the activity of two triggers a cascade of tyrosine phosphorylation eve)tsut
protein families: the protein tyrosine kinases (PTlkhd results in tyrosine phosphorylation of only a limited number
the protein tyrosine phosphatases (PTP). All PTP have aof proteins; second, treatment of cells with pervanadate to
conserved catalytic domain characterized by the signatureinhibit intracellular PTP 4) results in a very high number
motif [I/V]JHCXAGxxR[S/T]G. Biochemical and kinetic  of proteins being tyrosine phosphorylated, however, not
studies have demonstrated that the cysteine residue foundhlways on physiologically relevant sites thus giving rise to
in this signature motif is essential for the catalytic activity potential artifacts. Overall, it is unlikely that these ap-
of PTPs since mutation of this cysteine completely abolishes proaches will result in the identification of all genuine
PTPase activityd). Interestingly, mutation of cysteine 215 substrates of a given PTPase and alternative strategies should
to serine or aspartic acid 181 to alanine within the catalytic be envisaged.
domain of PTP1B results in substrate-trapping intermediates pTp_pEST is a soluble PTP that is ubiquitously expressed

(2), revealing that such mutants are important tools 0 ynroughout mouse embryonic development and in adult
elucidate the function of PTPs. Unfortunately, before tissues §). The N-terminal portion of the enzyme encodes

for the catalytic domain while the C-terminus portion is
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phosphorylated p136%in pervanadate-treated cell extracts tyrosine phosphorylation sites, respectively. Several of these
by PTP-PEST D199A was recently shown to be severely tyrosine phosphorylation motifs differ from those found in
impaired by the mutational inactivation of a proline-rich p1303-2 suggesting that Hefl and Sin interact with different
region (P337A), and the authors proposed a mechanism forSH2 domain containing proteins. Hefl and Sin expression
PTP-PEST substrate recognition via the SH3 domain of is restricted to specific cell populations, whereas (136
p1306-3s (7). ubiquitously expressed. Indeed, Hefl is mainly expressed
The PTP-PEST noncatalytic tail contains proline-rich in hematopoietic cells (32) but little is known about Sin
regions that can potentially serve as ligands for SB3 (  expression, although its mRNA is found at high levels in
WW (9), or LIM (10) domain containing proteins. Analysis the mouse embryo (33).
of SH3 domain binding sites has revealed two classes of |dentification of physiological substrates of protein tyrosine
consensus sequences for proline-rich regions: 1-RxxPxxPphosphatases is a key element in understanding the biological
and 2-PxxPxR. In this respect, the first and fourth proline- functions of this family of enzymes. The principal aim of
rich domains of PTP-PEST belong to the class 2 consensushis study is to describe a novel experimental approach to
sequence whereas the three other proline-rich domains havédentify PTP substrate(s) by combining the technology of
PxxP motifs that do not belong to either class 1 or class 2 gene targeting and substrate-trapping experiments using PTP-
consensus sequences and could thus represent novel proteinPEST as a paradigm. Using these approaches,p8as
protein interaction domaing). We have previously reported  isolated in high amounts by a PTP-PEST-trapping mutant,
that PTP-PEST interacts with the SH3 domains of Grb2 and thus supporting this strategy. A second objective of the
v-Src @). Following EGF stimulation, PTP-PEST forms a present study was to demonstrate for the first time that the
molecular complex with the activated EGF receptor through other members of the p138family of proteins, Hefl and
an SH3 domain mediated interaction with the adaptor protein Sin, interact in a similar manner with a proline-rich region
Grb2 @). found on PTP-PEST through their SH3 domains, suggesting
PTP-PEST is a member of the PEST family of PTPases they too could be potential substrates.
which also includes PTP-PEP (11), PTP-HSCF/PTP-K1/
PTP20 (2-14) and PTP BDP1 (15). The homology MATERIALS AND METHODS
between the members of the PEST family of PTPases resides Generation of PTP-PEST Gene Targeted Cell LinB&P-

mostly in the catalytic domain and also in a 20 aa stretch o .
y y PEST +/— and —/— embryonic fibroblast cell lines were

rich in basic residues at the C-terminus of these proteins. . - S
established from primary embryonic fibroblast cultures

The conserved C-terminus of PTP-HSCF, as well as corre-,
sponding peptides of PTP-PEST and PTP-PEP, was showrnSclated from PTP-PEST heterozygous/€) and homozy-

to associate with a novel phosphotyrosine containing protein gous _H T) m dOSSSe dembryos, re_spectfivéIyBrr:efly, e_mbryfoFs)TP
named PSTPIP which localizes to cleavage furrow sites and/Er® Isolatéd 8.5 days postcoitum from the mating o -

has been shown in vitro to be a substrate for PTP—HSCFE’EST /=) mice, and then trypsinized for 30 min at 37
(16). C. Cells in suspension were isolated and cultured. After

one passage, cells were immortalized by stably transfecting,
using Lipofectamine (Gibco-BRL), a dominant negative
mutant p53 (C153S) gene (35) along with adenovirus E1A/
E1B genes (obtained from Dr. Branton, McGill University)

p13¢2sis an adaptor protein composed of an SH3 domain,
two proline-rich regions, a YxxP domain containing 15
putative tyrosine phosphorylation sited7¢19), and a

binding site for the SH2 domain of the Src kinases (YDYV ; : . /
motif). The SH3 domain of p138° has been shown to and a vector conferring puromycin resistance. Cells surviv-

interact with proline-rich sequences found in FAK, FAK- ing puromycin selection were pooled and genotyped _by
related nonkinase (FRNK), RAFTK, and PTPl]B(—’Zl) Southern and northern blot analyses. For Southern blotting,
In a recent study, the SHé domair,1 of p£30was found genomic DNA was digested witBanHI| and separated on

! 0 -
essential for targeting p18® to focal adhesions in non- a 0.8% agarose gel. After trar!sfgr to Hybon& WAmer
transformed cells (22). The YxxP domain of p£80can sham), the blot was probed with *P-radiolabeled<pnl/

: . : : Sad fragment of the PTP-PEST cDNA. For northern
interact in a phosphotyrosine dependent manner with the SH2 .
domains of v-Crk (23), Crk (24), Crk-Il (25), CRKL (26), blotting, total RNA was separated on a 1% formaldehyde

Nck (27), and several other yet unidentified SH2 domain agarose gel a_nd f°”°W"?9 transfer to Hybond-Nthe blot
conta(inir)lg proteins (23). plgghas been shown to become Was Probed with &°P-radiolabeled probe generated by PCR

: - : from the PTPase domain of PTP-PEST. The blot was

tyrosine phosphorylated following cell treatment with EGF . i )
(24)’ NGE (253 ani/j PDGF (28) agnd also following integrin stnp_ped and reprobed with a GAPDH probe to verify equal
activation (29). The YDYV motif and the proline-rich region loading of total RNé'S i )
at the C-terminus of p13e° are binding sites for the SH2 Constructs. p130-* mouse cDNA in pBluescript was a
and SH3 domains of Src family of kinases resulting in 9enerous gift from Dr. Steven Hanks (Vanderbilt School
phosphorylation of other tyrosine residues on FEStbl- of Medicine, Tennessee). The p£30cDNA was cloned
lowing its association with these kinases (30). mto'pJFTAG, pBluescript Il KS (Strapagene)_, and pCDNA3

Two other proteins share a high degree of homology with (Invitrogen) at theEcdRl and Sal sites using standard
p130°% Hefl/Cas-L 81, 32) and Efs/Sin 83, 34). On the recombinant DNA technology. pJFTAG is a pCDNA3

basis of their similar structural organization, Hefl and Sin derivative in which six copies of the c-myc epitope were
have been grouped into the pE30family of adaptor cloned in theHindlll and EcaRl sites. The SH3 domain of

proteins. The SH3 domains of Hefl and Sin are, respec-P133**was cloned in th&caRl andApd sites of pJFTAG.

tively, 74 and 64% identical to the SH3 domain of p&30
and the YxxP domains of Hefl and Sin contain 13 and 8 2A.C., and M.L.T., unpublished data.
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The GST-SH3 domain of p18&and Sin were constructed
by amplifying the region encoding for the SH3 domains by
PCR using oligonucleotides containing engineeBzarH]|
and EcaRl sites followed by cloning of these products in
theBanHI and EcaRl sites of pGEX 2TK (Pharmacia). The
GST SH3 domain of Hefl was cloned in pGEX1LambdaT
by Dr. Yuzhu Zhang and was a kind gift from Dr. Erica
Golemis (Fox Chase Cancer Center, Philadelphia, PA).
Cell Culture, Transfections, and Coimmunoprecipitation.
293T, COS-1, PTP-PEST/—, and PTP-PEST-/— cell
lines were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum and penicillin/streptomycin. 293T cells were tran-
siently cotransfected with 10g of PTP-PEST and 10g of
p130-2s plasmids using the calcium phosphate precipitation
method as previously describeg).( Exponentially growing
COS-1 cells from a 15 cm tissue culture dish were also
transfected with 4Q«g of pACTAG PTP-PEST by elec-
troporation as previously describeg).( For coimmunopre-
cipitations, 293T cells transiently coexpressing HA-PTP-
PEST and Myc-p13&sproteins were harvested and washed
with PBS. Cells were lysed in HNMETG containing 500

uM sodium vanadate and protease inhibitors as described

earlier @). Protein complexes were immunoprecipitated
using anti-PTP-PEST 1075 antibod$) (and protein G-
agarose (Gibco-BRL) for 90 min at 4C. Immune com-

Coté, et al.
A
wtallele —Jp 4 12Kkb
Targeted allele —Jp» <« 7Kb

B

MPTP-PEST probe

GAPDH probe

Ficure 1: Southern blot and northern blot analyses of DNA and
total RNA isolated from the PTP-PESH#/+, +/—, and—/— cell

lines established from primary cultures of embryos isolated from
the PTP-PEST knock-out mice. (A) Genomic DNA was digested

plexes were washed three times in HNTG and proteins werewith BanH! and probed with &pnl/Sad fragment of the PTP-

eluted from beads in SDS sample buffer by boiling for 5
min. Proteins were separated on a 11% SIP3GE,
transferred onto PVDF membrane (Immobilon-P, Millipore),
and analyzed for the presence of the Myc tagged $%£30
proteins using the anti-Myc epitope monoclonal antibody

9E10. COS-1 cells were treated with pervanadate in order

to increase protein tyrosine phosphorylation levels. Briefly,
360 uL of freshly prepared pervanadate (10 mM sodium
orthovanadate in 50 mM hydrogen peroxide) were mixed
with 15 mL of DMEM and added to the cells for 15 min
before harvesting.

Substrate-Trapping Experiment®©ne microgram of GST
PTP-PEST aa-1453 or GST PTP-PEST C231S aa453

PEST cDNA. The 12 kb band corresponds to the wt allele while
the 7 kb band corresponds to the targeted allele. (B) A transcript
of 3.8 kb was detected in PTP-PEST+ and-+/— cell lines but
was absent in the PTP-PEST/— cell lines by northern blotting.
The blot was also probed with GAPDH (lower panel) to ensure
equal loading.

on SDS-PAGE and transferred onto PVDF membrane.
Proteins were allowed to renature overnight af@ in
binding buffer (10 mM Tris-HCI, pH 7.4, 1 mM EDTA, 150
mM NaCl, 1 mM DTT, and 0.2% BSA). Blots were probed
with 32P-labeled GST-SH3 domains fusion proteins of either
p1303-2s Hefl, or Sin (labeled according to manufacturer’s
instruction, Pharmacia) for-816 h in binding buffer at 4

prebound to glutathione sepharose (Pharmacia) was incubatedC: The blots were washed extensively in binding buffer at

with 1 mg of HNMETG lysates from the indicated cell
extracts for 90 min as described previousdy. (The beads
were washed extensively in HNTG buffer and proteins were
eluted in SDS-sample buffer. After SBRAGE and

room temperature and exposed to X-ray film (Kodak) for
20 min.

RESULTS

transfer to PVDF membrane, immunoblotting was performed  Generation of Gene Targeted PTP-PEST Cell Lines (PTP-

with the antiphosphotyrosine monoclonal antibody 4G10 or
a rabbit polyclonal anti-p1383B~+F (a generous gift from
Dr. Amy H. Bouton, University of Virginia).

Binding Studies. GST fusion proteins encoding the

PEST—/-). To study the phosphotyrosine protein profile
of cells lacking PTP-PEST with the aim of identifying novel
substrates for this PTP, we generated mouse embryonic
fibroblasts from 8.5 day post-coitum embryos isolated from

different regions of PTP-PEST have been described else-the mating of PTP-PEST-/— animals? These primary

where B). The GST fusion proteins were purified by

cultures were immortalized by an intermediate transforming

glutathione Sepharose (Pharmacia) according to manufac-C135S mutant of p53 (35) and E1A/E1B proteins as

turer’s protocol. For in vitro binding studies,.y of GST
alone or GST-SH3 domain of p18§ Hefl or Sin prebound
to glutathione Sepharose was incubated for 90 min &€ 4
with 1 mg of COS-1 cell lysates expressing HA-PTP-PEST.

described in the Materials and Methods. The genotypes of
the established cell lines were determined by Southern
blotting. Figure 1A shows that one of the cell lines has both
the 12 kb wt and 7 kb targeted allele (PTP-PEST) while

After washing three times in HNTG, the proteins were eluted the other cell line has only the targeted allele (PTP-PEST
in sample buffer and separated by SEFAGE, and the —/=). As a positive control, DNA isolated from WT
presence of HA-PTP-PEST was analyzed by immunoblotting embryonic fibroblasts was included and only the 12 kb wt
with an anti-HA antibody. For farwestern assays, glutathione allele was observed. To verify the absence of PTP-PEST
Sepharose purified PTP-PEST fusion proteins were separatednRNA in the PTP-PEST—/— cell line, northern blot
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Ficure 2: Analysis of the phosphotyrosine profile of the PTP-PEST and —/— cell lines. (A) Fifteen micrograms of lysate of PTP-
PEST +/— and —/— were analyzed by antiphosphotyrosine immunoblotting (first two lanes). Antiphosphotyrosine immunoprecipitates
from the PTP-PESTH/— and—/— cell lines were also analyzed by antiphosphotyrosine immunoblotting. Hyperphosphorylated proteins of
180, 130, and 97 kDa are detected in the PTP-PES&T cells. (B) p1362sis hyperphosphorylated in the PTP-PEST deficient cell line
(PTP-PEST-/-). (Upper panel) p138swas immunoprecipitated from PTP-PEST— and—/— cell lines and the phosphorylation level

was analyzed by antiphosphotyrosine immunoblotting using the 4G10 monoclonal antibody. (Lower panel) Equal amourfi&af {80
immunoprecipitates were confirmed by stripping the blot and reprobing with a rabbit polyclonal antRpR3¢.

analysis was performed. In Figure 1B, the 3.8 kb mRNA  To identify these hyperphosphorylated proteins, an in vivo
species of PTP-PEST is present in the PTP-PESF and direct immunoprecipitation of candidate proteins were per-
+/— cells but absent from the/— cells (upper panel). As  formed. p1362was immunoprecipitated both from the PTP-
a loading control, the blot was stripped and probed with PEST+/— and—/— cell lines, and its phosphorylation status
GAPDH (Figure 1B, lower panel). The phenotypic charac- was analyzed by antiphosphotyrosine immunoblotting using
terization of the PTP-PEST deficient cell lines is currently the 4G10 antibody. In the cells lacking PTP-PEST, [¥£30
under progress. was found to be hyperphosphorylated when compared to
Analysis of the Phosphotyrosine Protein Profile of the p133-2 immunoprecipitated from PTP-PEST¥/— cell
PTP-PEST—/— Cells. To identify putative substrate(s) of (Figure 2B, upper panel). Equal amounts of g3protein
PTP-PEST, we have analyzed the phosphotyrosine proteinwas found in the immunoprecipitates as verified by stripping
profile of the PTP-PEST-/— cells. Comparison of an-  the blot and reprobing with a rabbit polyclonal anti-p&30
tiphosphotyrosine immunoblots of the total cell lysate (TCL) as shown in Figure 2B (lower panel). Since we have
of the +/— and —/— revealed the presence of hyperphos- previously demonstrated that PTP-PEST forms a complex
phorylated proteins of approximately 180, 130, and 97 kDa with the EGF receptor via Grb2), the amount of EGF
in the—/— cells (Figure 2A, first two lanes). Whenthe TCL receptor in antiphosphotyrosine immunoprecipitates from
of the +/— and —/— cells were subjected to immunopre- +/— and —/— cells was compared. Equal amounts of
cipitation using an antiphosphotyrosine antibody and ana- tyrosine-phosphorylated EGF receptor were found in both

lyzed by antiphosphotyrosine western, the same hyperty-ce|| lines (data not shown). To determine the identity of
rosinephosphorylated proteins were detected (Figure 2A, lastihe 97 kDa protein(s), the level of the pT38ike proteins

two lanes). Hefl and Sin were also analyzed in antiphosphotyrosine IP
from the +/— and —/— cells. Hefl and Sin were not
3 A. Angers-Loustau, J.F.C., and M.L.T., unpublished data. detected in these IPs, and we have further demonstrated by
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p.pEsT  COS was unable to bind phosphorylated substrates in the PTP-
MPTf/'_PEST MPT_,’_ pervanadate PEST+/— while the C231S mutant isolated a small amount
treated of a p130 protein. However, in the PTP-PEST— cell

lysates, a substantially elevated amount of a phosphorylated
p130 protein was bound to the C231S mutant of PTP-PEST
but not to the wild-type. Two arrows are drawn next to the
p130 to emphasize the diffuse band. Interestingly, a tyrosine-
phosphorylated p97 was bound to both PTP-PEST WT and
C231S GST fusion proteins in the PTP-PEST— cell
extracts. The p97 isolated by the C231S fusion protein of
PTP-PEST in the PTP-PEST/— cell lysates was slightly
more tyrosine phosphorylated than the one isolated by the
WT counterpart. Since a hyperphosphorylated p97 was also
observed in the TCL of the PTP-PEST/— cells (Figure
2A), this protein is most likely a direct substrate of PTP-
PEST. The hyperphosphorylated p180 observed in the TCL
. of the PTP-PESTF-/— cells was not bound to the trapping
Western: Anti-pTyr mutant of PTP-PEST. Hence, this tyrosine-phosphorylated
protein is probably an indirect substrate of PTP-PEST or is
bound weakly to the trapping mutant of PTP-PEST and is
thus not detectable using this assay. The same substrate-
trapping experiment was performed using lysates of per-
vanadate treated COS-1 to compare both approaches. A
detectable amount of a p130 protein was bound to the PTP-
PEST C231 mutant but not to the WT. Figure 3 (middle
panel) shows the same blot stripped and analyzed for the
presence of p138s protein using a polyclonal rabbit anti-
p130-B+F. pl3G2protein was found mostly in the lanes
of PTP-PEST C231S mutant in PTP-PEST— and per-
ee—I SEmesEE== vanadate-treated COS-1 cell lysate. Interestingly, the same
amount of p13€sprotein was affinity purified from the PTP-
Coomassie PEST —/— cell lysate and the pervanadate-treated COS-1
Ficure 3: Substrate-trapping experiment in PTP-PESF cell cell lysate by the C231S mutant of PTP-PEST (Figure 3,

lysates demonstrates pX3®and a p97 as physiological substrates middle panel), but the tyrosine phosphorylation level of

for PTP-PEST. The substrate-trapping experiments were performed . T
by incubating 1 mg of cell IysateF;Pon? PT%-PES‘T—, —/—,pand p13(?as.trapped fro.m the PTP-PEST qeflment C.e” line I.S
pervanadate-treated COS-1 cells withug of either GST-PTP-  a@pproximately 20 times greater, as estimated using densito-

PEST WT (aa +453) or GST-PTP-PEST C231S+453). The metry, when compared to p188trapped from the pervana-
bound proteins were analyzed by antiphosphotyrosine westerndate treated extract. The bottom panel of Figure 3 shows

blotting using 4G10 monoclonal antibody (top panel) or, after - i ;
stripping the blot, with anti-p138sB+F (middle panel). Interest- tha(:deﬁnu;::?:gsgitﬁgogspgaz PEST GST fusion proteins were

ingly, a tyrosine phosphorylated p97 was bound to the WT and ) . .
C231S GST fusion proteins in the PTP-PESTF- cell lysate (upper PTP-PEST Associates with the SH3 Domains of the
panel). A Coomassie Blue stained gel of the GST fusion proteins p130Cas-Like Proteins Hefl and Siithe SH3 domain of

used in the substrate trapping is shown in the bottom panel to showp130Cas has been reported to associate with PTP-PEST in
the integrity of products and as a loading control. Two arrows are vitro (7). The presence of SH3 domains in the pd5Qke
drawn next to the ppl30 (phosphorylated p130 proteins) to : . . . .
emphasize the diffuse band. proteins Sin and Hefl have prompted us to investigate if
these SH3 domains could interact with PTP-PEST. The SH3
direct IPs that Hefl and Sin are not expressed in the PTP-domains of p13t*and Sin were cloned in pGEX-2TK, and
PEST+/— and—/— fibroblast cell lines used in the present the SH3 domain of Hefl was cloned in pGEX1LambdaT
study (data not shown). vector and expressed as GST fusion proteins in order to
Combination of Gene Targeting of PTP-PEST and Sub- perform a binding assay with PTP-PEST. The integrity of
strate-Trapping Experiments to Identify Physiological Sub- the fusion proteins used in the binding assay is shown on a
strates. The inactivation of the PTP-PEST gene (PTP-PEST Coomassie Blue stained gel in the right panel of Figure 4.
—/— cell line) was hypothesized to render substrates that In the binding assay (Figure 4, left panel), GST alone did
are highly specific to PTP-PEST in an hyperphosphorylated not bind the HA-PTP-PEST as expected. As a positive
state and that these substrates could subsequently be isolatezbntrol, the SH3 domain of p18&bound to HA-PTP-PEST.
using a “substrate trap” mutant of PTP-PEST (C231S To a similar extent, HA-PTP-PEST was specifically bound
mutant). An important aspect of this novel approach is that by the purified SH3 domains of Hefl and Sin even after
prior physiological (growth factor) or artificial (pervanadate) extensive washing of the complex.
treatments of cells is not required. A substrate-trapping Mapping of the First Proline-Rich Region of PTP-PEST
experiment was thus performed with PTP-PES/F and (Amino Acids 316346) as the Binding Site for the SH3
+/— cell lysates using a GST PTP-PEST C231S mutant. As Domains of Sin and HeflFive proline-rich motifs are found
shown in Figure 3 (upper panel), the GST PTP-PEST WT in PTP-PEST 8), and SH3 domains are known to bind to

W-T
C231S
W-T
c2318
W-T
c231S

130
1 pp

Western: Anti-p130Cas
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FIGURE 4: PTP-PEST associates with the SH3 domains of §E3Befl, and Sin in vitro. HA-PTP-PEST transfected COS-1 cell lysates

(1 mg) were incubated with g of either the GST linked SH3 domains of p£39Hefl, Sin or the GST alone prebound to glutathione
sepharose. Following extensive washing, the proteins were eluted, separated bPSBE and analyzed by western blotting for the
presence of HA-PTP-PEST using the 12CA5 monoclonal antibody (left panel). In the right panel, a Coomassie Blue stained gel of the GST
fusion proteins used in the in vitro binding assay is shown to verify integrity of the products.

proline-rich motifs. We have investigated which one of these were cotransfected by the calcium phosphate method with
PTP-PEST proline-rich motifs mediates the interaction with HA-PTP-PEST WT or C231S (1@g) and either Myc-
the SH3 domains of Hefl and Sin. A series of GST fusion p130°2or Myc p13(¢3SH3 domain (1Qtg). A schematic
proteins encoding the five different proline-rich regions of representation of the p188proteins is shown in Figure 6A.
PTP-PEST (Pro 45) was generated in order to map the Cell lysates were immunoprecipitated with anti-PTP-PEST
essential region on PTP-PEST for the interaction with the 1075 and analyzed for the presence of Myc E£30roteins
SH3 domains of the Cas-like proteins Sin and Hefl using a (Figure 6B). The Myc-p13%* and the Myc-p13%6*s SH3
farwestern binding assay. A schematic representation anddomain were found in the HA-PTP-PEST IPs (Figure 6B).
a Coomassie Blue stained gel of the fusion proteins showingMore Myc p13G2swas found in the PTP-PEST C231S IP
integrity of the products used in the farwestern assay arewhen compared to the WT-PTP-PEST IP probably due to a
shown in Figure 5, panels A and B, respectively. For the substrate-trapping effect. As a negative control, the Myc
farwestern assay, the PTP-PEST GST-fusion proteins werep130-2 and Myc p1362° SH3 domain were cotransfected
separated by SDSPAGE and then transferred onto PVDF  with HA-T-cell PTP (TC-PTP). Figure 6B demonstrate that
membranes and after renaturation of the proteins andneither Myc p1362 nor Myc p13G2s SH3 domain were
blocking, the blots were probed wifiP-radiolabeled GST  found in the HA-T cell PTP (HA-TC-PTP) immunoprecipi-
SH3 domains of either Sin, Hefl, or p13® The SH3 tates clearly showing that this interaction is specific for PTP-
domains of Sin and Hefl were found to associate with high PEST. These results demonstrate that the association of PTP-
affinity to the Prol region of PTP-PEST (aa 318$46) and PEST occurs in vivo with the full-length p18Bor specifically
also to the complete C-terminus (aa 27&5) and to the  with the SH3 domain of p1383 Figure 6C shows that the
N-terminus (aa £453) fusion proteins of PTP-PEST as seen PTP-PEST and p13€° proteins were expressed to similar
in Figure 5, panels D and E. These three constructs have inlevel.
common the Prol region of PTP-PEST. No detectable levels
of binding of these SH3 domains to the Pre® of PTP- DISCUSSION
PEST and GST alone (negative control) were noted even The identification of protein tyrosine phosphatase sub-
after a longer exposure. The SH3 domains of f3@as strates is one of the key steps in understanding the biological
used as a positive control to probe an identical blot and the function of this family of enzymes. Recent mutagenesis
same result was obtained (Figure 5A). These results experiments of invariant amino acids within the conserved
demonstrate that the SH3 domains of the family of adaptor catalytic domain of PTPs, in conjunction with the analysis
proteins p136 Sin, and Hefl interact with high affinity  of the crystal structure of PTP1B, have yielded two interest-
and selectively with the Prol region of PTP-PEST. ing mutants for substrate trapping: First, a cysteine to serine
PTP-PEST and p138°Associate in \lio. The association ~ mutant in the VHCSAG signature motif (C215S in PTP1b),
between PTP-PEST and pX3thas only been investigated and second, a mutation of a catalytically active aspartic acid
in vitro using either GST fusion proteins (present work) or to alanine (D199A in PTP 1B)2j. The present data
bacculovirus produced proteing, (7). To evaluate the  proposes a novel approach by combining substrate-trapping
binding between p138sand PTP-PEST in vivo, we per- experiments with the gene targeting of a PTP, PTP-PEST,
formed a coimmunoprecipitation experiment. 293T cells to identify putative physiological substrates. Fibroblast cell
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Ficure 5: PTP-PEST proline-rich region 1 (Prol) is responsible for the interaction with the SH3 domains of the family of adaptor molecules
p130¢as Sin and Hefl. (A) Schematic representation of the PTP-PEST GST fusion proteins encoding for the different proline-rich regions

of PTP-PEST (Pro5) used in the farwestern binding assay, (B) Coomassie blue stained gel of 100 ng of the PTP-PEST fusion proteins
used in the farwestern assay and is also representative of the protein found on the PVDF membrane. Three blots containing the PTP-PEST
fusion proteins were respectively incubated overnight Wikhradiolabeled GST SH3 domains of p£3qC), Sin (D), and Hefl (E), and

following extensive washing, the blots were exposed 20 min to X-ray film.

lines lacking PTP-PEST were generated from the PTP-PESTsubstrate-trapping experiments. Using such an approach,
knock-out and used as protein extracts in subsequent p130-2 was the major protein isolated by a PTP-PEST
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Ficure 6: PTP-PEST and pl18@&associate in vivo. Myc-tagged p138vector or a Myc SH3 domain p138® vector were cotransfected

with HA-PTP-PEST, WT, or C231S, in 293T cells and the presence of the v

arious Myc taggett8eeins were analyzed in anti

PTP-PEST immunoprecipitates. (A) Schematic representation of the myc-taggetfsgir@eins used in the coimmunoprecipitation
experiment. (B) Following coimmunoprecipitation and extensive washing of the complexes, the bound proteins were resolved on SDS
PAGE, transferred to PVDF and analyzed by western blotting using anti-Myc 9E10 monoclonal for the presence of the various Myc tagged
pl3¢asproteins. As a negative control, HA-tagged T-cell PTP (HA TC-PTP) was cotransfected with the My@&t8&truct and was

immunoprecipitated with anti-HA 12CA5. The full-length Myc-pE38roteins mig
p130¢-a migrates at 30 kDa. (C) Western blotting of the TCL with 9E10 and
proteins, the HA-PTP-PEST and HA-TC-PTP, respectively.

rates just above 130 kDa and the Myc-SH3 domain of
12CA5 antibodies to visualize the different M{ésp130
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Table 1: Proline-Rich Domains Found on the PEST Family of Enzyme PTP-PERSPTP-PEP §7), PTP-HSCF 13), and PTP-BDP 152

proline-rich motifs PTP-PEST PTP-PEP PTP-HSCF PTP-BDP

class 1 none none none 9 RGVPSSR
RxXPxxP
class 2 333PPKPRR338 61PPLPER® none none
PxxPxR 675PP| PERS 69Pp| PER
nonclassical 35PPEPHPVPR3 PKGPRNPP7 “4PKGPRDPP* 4“PKGPRDPRAL
PXxP 520pPRPDCL B2’

764PKGPREP P!

aThe class 2 motif**PPKPRR® mediating the interaction with the SH3 domains of p3¥3@5in, and Hefl is found only on PTP-PEST (bold).
A conserved nonclassical proline-rich sequence having the consensus PKGPRXPP (x represents E, N, or D) is present in this family of enzyme and
is implicated in the binding of the novel actin associated protein PSTHEP PTP-PEST is the only member of the family having a proline-rich
motif which is a ligand for the SH3 domains of the p£3Family members.

substrate-trapping mutant. A second substrate of approxi- The data presented in this report also describes that the
mately 97 kDa was also trapped but is yet to be identified. family of p130°2 adaptor proteins p1365 Sin and Hefl
The advantage of this novel approach is that only physi- interact with PTP-PEST via their SH3 domains. The first
ological substrates that are highly specific for the PTP of proline-rich region (Prol) of PTP-PES¥2PPKPPR®’, was
interest would be hyperphosphorylated in the gene-targetedfound to mediate this interaction without contribution of the
tissues or cell lines. As a result, such substrates could befour other proline-rich motifs (Pro-25) found on PTP-PEST.
isolated in large amounts by the substrate-trapping mutantsOur data support recent findings by Garton et a) (

of the chosen PTP. suggesting that the SH3 domain mediated association of

Its stands to reason that the removal of a PTPase will resultP130-*° with PTP-PEST potentially plays a crucial role in

in the hyperphosphorylation of its physiological substrates the substrat_e specificity. Our results also suggest that poth
at the basal level or following specific stimulation. For Hefl and Sin are candidate substrates for PTP-PEST since

example, it was shown that when the vaccinia virus dual they also associate with PTP-PEST via their SH3 domains.
specificity phosphatase VH1 is deleted from the virion It would have been mtemsimg to analyze the phosphorylation
capsule, two encapsidated substrate proteins, p18 and p11Status of Hefl and Sin in the PTP-PEST— cells, but
become hyperphosphorylated, and as a result, the life CyC|eunfortunately, they are not expressed in the cell lines tested.
of the virus is impaired 36). With the premise that The proline-rich region (Prol) of PTP-PESTPPK-
physiological substrates of PTP-PEST would become hy- PPR®’, belongs to the class 2 consensus sequence (PxxPxR)
perphosphorylated, we generated a gene targeted PTP-PES{8) for binding SH3 domains. Other proline-rich domains
fibroblast cell line, PTP-PEST-/—. In this case, the that have been shown to interact with the SH3 domain of
antiphosphotyrosine profile of the total cell lysate of PTP- p13G-*such as: PRPPKR from PTP1BQ), PPKPSR from
PEST—/— cell line was compared to the total cell lysate of FAK, and PPKPSR from FRNKI1), all belong to the class
PTP-PEST+/—. This enabled the identification of hyper- 2 consensus sequence. Three other enzymes share homology
phosphorylated proteins of 180, 130, and 97 kDa in-tfhe to PTP-PEST: PTP-PEP, PTP-HSCF, and PTP-BDP. Table
cells. One of these proteins was identified as [F#3Mirect 1 summarizes the putative proline-rich regions found on this
analyses by antiphosphotyrosine blotting of p¥30mmu- family of PTP. PTP-PEP has two identical proline-rich
noprecipitates from PTP-PESH/— and—/— clearly indicate domains containing the sequence PPLPER and thus belongs
that p13G2 is hyperphosphorylated in cells lacking PTP- to the class 2 consensus sequerg8.( It is unlikely that
PEST. This suggests that even if many PTPs are expresse¢he two proline-rich sequences of PTP-PEP could interact
in these murine fibroblasts and that at least one of them, with the SH3 domains of p188; Sin, or Hefl since an
PTP1B, has been shown to interact with the SH3 domain of identical proline-rich sequence found on PTP-PEST (Pro
p130°35(20), the major regulation of the phosphorylation of 4,°”PPLPER®) does not interact with these SH3 domains
p13(Fa at the basal level is mediated by PTP-PEST. The (this paper, Figure 5). Analysis of the PxxP motifs found
identity of the hyperphosphorylated p180 and p97 is still on PTP-HSCF and PTP-BDP (Table 1) reveals that none of
under investigation. We have investigated whether the p180them belong to the class 2 consensus sequence (PxxPxR),
protein could be the EGF receptor since we have previously and in this respect, these two PTPs probably do not interact
shown that PTP-PEST can complex the EGF receptor via With the SH3 domain of p13®; Sin, and Hefl. In summary,
Grb2 @). EGF receptor was found in equal amounts in among the members of PEST-like PTPs, PTP-PEST appears
antiphosphotyrosine immunoprecipitates in the PTP-PESTt0 be the only one that can interact with the SH3 domain
—/— cells and+/— cells. The identity of the hyperphos- ~containing proteins p13®; Sin, and Hefl via a proline-
phorylated p97 is still unknown, but interestingly, a tyrosine fich region. Since PTP-PEST is expressed ubiquitously and
phosphorylated p97 was isolated, in addition to [#E3Gn since p1362 Hefl, and Sin have differential expressions,
the trapping experiment using the PTP-PESF cell lysate it is reasonable to envisage that PTP-PEST is a potential
both by the WT and C231S PTP-PEST GST fusion proteins. modulator of the tyrosine phosphorylation level of this family
The tyrosine phosphorylation level of this p97 was greater Of adaptor proteins in different cell types.

when bound to the C231S mutant of PTP-PEST than by the We have clearly demonstrated that PTP-PEST, WT, or
WT counterpart. It is thus likely that the p97 is a direct C231S is in vivo constitutively associated with p£3@nd
substrate of PTP-PEST. The identification of this protein that the SH3 domain alone of p180can mediate this

is currently in progress. interaction. In this respect, the proline-rich/SH3 domain
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association is constitutive as usually observed in this kind
of interaction and does not terminate when g¥SBecomes
dephosphorylated by the catalytic activity of PTP-PEST as
previously proposed4j. The deletion of the Prol domain
of PTP-PEST completely abolishes the binding with GST
fusion proteins of the SH3 domain of p1B¢(7), Hefl and
Sirt in vitro thus clearly demonstrating physical interaction

Biochemistry, Vol. 37, No. 38, 19983137

6. Charest, A., Wagner, J., Jacob, S., McGlade, C. J., and
Tremblay, M. L. (1996)J. Biol. Chem. 2718424-8429.

7. Garton, A. J., Burnham, M. R., Bouton, A. H., and Tonks, N.
K. (1997) Oncogene 15877—885.

8. Mayer, B. J., and Eck, M. J. (199&urr. Biol. 5, 364—367.

9. Chen, H. I., Einbond, A., Kwak, S. J., Linn, H., Koepf, E.,
Peterson, S., Kelly, J. W., and Sudol, M. (1997Biol. Chem.
272 17070-17077.

0. Wu, R. Y., Durick, K., Zhou, S. Y., Cantley, L. C., Taylor, S.

. . . 10.
between these proteins. Interestingly, the association be- ~'g "3nd Gill, G. N. (1996). Biol. Chem. 27115934-15941.

tween PTP-PEST and p189was not abrogated by the
deletion of the Pro 1 domain of PTP-PEST and/or the SH3
domain of p1383in a coimmunoprecipitation experiment
performed in transfected 293T cetlsThese results suggest
that PTP-PEST and p188might also associate via an SH3

independent mechanism, and this is presently under inves-

tigation.
In summary, the combination of gene targeting of a PTP

and substrate-trapping experiments is a powerful approach 16.

to identify relevant physiological substrate(s) of a given PTP.
Using such an approach, pI308is confirmed as a physi-
ological substrate of the murine PTP-PEST. We have also
identified a 97 kDa protein that is likely a PTP-PEST

substrate. We believe that this approach reduces the risk of 18.

artifacts since no artificial treatment of the cells is required.
The SH3 domains of the p18®&like molecules, Sin and
Hefl, were found to interact with high affinity with a proline-
rich region of PTP-PEST (Prol, aa 33238). These data

also suggest that Hefl and Sin could be candidate substrates

for PTP-PEST. This hypothesis is also supported by the fact
that an effective dephosphorylation of p£3thy PTP-PEST
requires an intact Pro 1 region. Finally, the in vivo
association of PTP-PEST and p£3thas been demonstrated
to be stable and constitutive.
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