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Abstract
The LIM domain-containing TRIP6 (Thyroid Hormone Receptor-interacting Protein 6) is a focal
adhesion molecule known to regulate lysophosphatidic acid (LPA)-induced cell migration through
interaction with the LPA2 receptor. LPA stimulation targets TRIP6 to the focal adhesion
complexes and promotes c-Src-dependent phosphorylation of TRIP6 at Tyr-55, which creates a
docking site for the Crk Src homology 2 domain, thereby promoting LPA-induced morphological
changes and cell migration. Here we further demonstrate that a switch from c-Src-mediated
phosphorylation to PTPL1/Fas-associated phosphatase-1-dependent dephosphorylation serves as
an inhibitory feedback control mechanism of TRIP6 function in LPA-induced cell migration.
PTPL1 dephosphorylates phosphotyrosine 55 of TRIP6 in vitro and inhibits LPA-induced tyrosine
phosphorylation of TRIP6 in cells. This negative regulation requires a direct protein-protein
interaction between these two molecules and the phosphatase activity of PTPL1. In contrast to c-
Src, PTPL1 prevents TRIP6 turnover at the sites of adhesions. As a result, LPA-induced
association of TRIP6 with Crk and the function of TRIP6 to promote LPA-induced morphological
changes and cell migration are inhibited by PTPL1. Together, these results reveal a novel
mechanism by which PTPL1 phosphatase plays a counteracting role in regulating TRIP6 function
in LPA-induced cell migration.

The LIM domain-containing TRIP6, also known as ZRP-1 (Zyxin-related Protein 1), is a
zyxin family member that has been implicated in cell motility and transcriptional control (1).
Originally discovered as an interacting protein of the nuclear thyroid hormone receptor in a
yeast two-hybrid screen (2), TRIP6 was later identified as a focal adhesion molecule with
the capability to shuttle between cell surface and nucleus (3). TRIP6 is structurally similar to
zyxin, LPP (Lipoma Preferred Partner) and Ajuba (1). They possess a proline-rich region
and nuclear export signals at their amino termini and three LIM domains (named by the
initials of Lin-11, Isl-1, and Mec-3) at their carboxyl termini. Through the LIM domain-
mediated protein-protein interactions, TRIP6 forms complexes with several molecules
involved in actin rearrangement, cell adhesion, and migration, at least including p130cas (4),
CasL/HEF1 (4), endoglin (5), supervillin (6), and the LPA2 receptor (7). In addition, the
most carboxyl-terminal LIM3 and PDZ-binding domain of TRIP6 have been demonstrated
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to mediate the interaction with the second PDZ domain of human PTPL1/Fas-associated
phosphatase 1 (3) and its mouse homologue, PTP-BL (8). However, the functional
significance for this interaction remains to be elucidated.

Lysophosphatidic acid (LPA),3 a growth factor-like phospholipid, mediates diverse
biological responses such as cell migration, cell proliferation, and cell survival through the
activation of G protein-coupled LPA receptors (9). Among the five membrane-bound LPA
receptors (10 –14), the LPA1, LPA2, and LPA3 receptors of the EDG (Endothelial
Differentiation Gene) family are structurally similar to each other except for the carboxyl-
terminal tails, suggesting that this region may specifically regulate the unique protein-
protein interactions and functions of each receptor. Previously we have demonstrated that
the carboxyl-terminal tail of the LPA2 receptor, but not LPA1 or LPA3 receptor, interacts
with the LIM domains of TRIP6 (7). This association promotes LPA-dependent recruitment
of TRIP6 to the focal adhesion sites where it forms complexes with p130cas, focal adhesion
kinase, paxillin, and c-Src. The function of TRIP6 in cell motility is regulated by c-Src-
mediated phosphorylation at Tyr-55 (15). This phosphorylation is required for TRIP6
coupling to the Crk Src homology 2 domain and ERK (extracellular signal-regulated kinase)
activation, thereby enhancing LPA-induced morphological changes and chemotaxis.

Cell migration is a dynamic process that requires a tight coordination of various signaling
molecules involved in cell adhesion and migration. Several tyrosine kinases and
phosphatases have been shown to regulate these signaling events through reversible tyrosine
phosphorylation and dephosphorylation of their substrates (16). In particular, the focal
adhesion kinase-Src-mediated pathways play a fundamental role in regulating adhesion
turnover and disassembly during cell migration (17). To understand how tyrosine
phosphorylation and dephosphorylation of TRIP6 modulate its function in cell motility, we
explored whether PTPL1 phosphatase is a candidate responsible for dephosphorylation of
TRIP6. Human PTPL1, also known as FAP-1 (Fas-associated Phosphatase 1), PTP1E, and
PTPN13 and its mouse homologue, PTP-BL, are ~270-kDa cytosolic tyrosine phosphatases
that contain an amino-terminal FERM domain, five PDZ motifs, and a carboxyl-terminal
tyrosine phosphatase catalytic domain (18). The FERM domain functions as membrane-
cytoskeleton linkers and may play a role in cytokinesis (19). Several regulators of actin
cytoskeleton have been shown to interact with the PDZ domains of PTPL1, at least
including TRIP6, PARG (PTPL1-associated RhoGAP), APC (adenomatous polyposis coli),
ephrinB, PRK2 (protein kinase C-related kinase-2), CRIP2 (cysteine-rich intestinal protein
2), and RIL (Reversion-induced LIM), implicating a role for PTPL1 in actin dynamics (18).
A number of molecules have been identified as PTPL1 substrates, at least including ephrinB,
RIL, IκB, and c-Src (20–23); however, the functional consequences of their
dephosphorylation are still poorly understood.

In this report, we demonstrate that PTPL1 dephosphorylates c-Src-phosphorylated TRIP6 in
vitro and inhibits LPA-induced tyrosine phosphorylation of TRIP6 in cells through a direct
protein-protein interaction. This dephosphorylation reduces TRIP6 turnover from the sites of
adhesions and inhibits TRIP6 coupling to Crk. As a result, the function of TRIP6 in
promoting LPA-induced morphological changes and cell migration is attenuated by PTPL1.
Furthermore, LPA-induced cell migration is enhanced by suppression of endogenous PTPL1
expression but is reduced by overexpression of PTPL1, suggesting that PTPL1 acts as a
negative regulator of cell motility.

3The abbreviations used are: LPA, lysophosphatidic acid; GFP, green fluorescent protein; YFP, yellow fluorescent protein; CFP, cyan
fluorescent protein; siRNA, small interfering RNA; GST, glutathione S-transferase; BSA, bovine serum albumin; HEK, human
embryonic kidney; HA, hemagglutinin; MEF, mouse embryonic fibroblast.
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EXPERIMENTAL PROCEDURES
Plasmid Construction

A TRIP6 cDNA fragment encoding amino acids 1–396 was amplified by polymerase chain
reaction (PCR) and inserted into pCMV-Tag2A (Stratagene) to generate the FLAG-TRIP6-
Δ-(397–476) expression vector. The pEYFP-TRIP6 was constructed by replacing the green
fluorescent protein (GFP) cDNA sequences of pEGFP-TRIP6 with a cDNA fragment
encoding yellow fluorescent protein (YFP). A cDNA fragment encoding GFP or a cyan
fluorescent protein (CFP) was inserted into pCMV5-HA-PTPL1 (24) such that HA-PTPL1
was tagged in-frame with GFP or CFP at its amino terminus, respectively. To express a
GFP-HA-PTPL1-ΔCD mutant lacking the catalytic domain of PTPL1, a SacI cDNA
fragment encoding amino acids 1–2277 of PTPL1 was removed from pCMV-HA-PTPL1
and inserted into pEGFP-C2. To express the recombinant PTPL1 catalytic domain
(designated PTPL1-CD), a cDNA fragment encoding amino acids 2087–2485 of PTPL1 was
amplified by PCR from pCMV5-HA-PTPL1 and inserted into pGEX-6P3 (Amersham
Biosciences). To inhibit the expression of PTP-BL, a mouse homologue of PTPL1, the
pSUPER vector was used to direct the expression of a small interfering RNA (siRNA) of
PTP-BL (designated pSUPER-si(m)PTPL1) that specifically targets the 21-nt sequences of
PTP-BL, 5′-GAGTGAGCATTGCTGACCCTG-3′. A control siRNA (designated
siScramble) expression vector was constructed by inserting the 19-nt sequences, 5′-
GCGCGCTTTG-TAGGATTCG-3′ that do not target any known cellular RNA, into
pSUPER vector. The entire sequences of each cDNA clone were verified by automatic DNA
sequencing.

In Vitro Phosphorylation and Dephosphorylation Assays
Escherichia coli BL21(DE3)(LysS) was transformed with pGEX-6P3-TRIP6 or pGEX-6P3-
PTPL1-CD. GST-TRIP6 and GST-PTPL1-CD were purified as described previously (7).
GST-PTPL1-CD was further digested with PreScission protease (Amersham Biosciences) to
cleave GST. 1 μg of GST-TRIP6 was first phosphorylated by recombinant p60c-Src (Upstate
Biotechnology) as described previously (15). Following reaction, GST-TRIP6-immobilized
glutathione beads were washed four times to remove c-Src. These beads were then incubated
with 0.1 or 0.5 μg of PTPL1-CD for 10 or 30 min in the phosphatase buffer (25 mM
imidazole-HCl, pH 7.2, 1 mg/ml BSA, and 1 mM dithiothreitol). After SDS-PAGE, the
immunoblot was probed with an horseradish peroxidase-conjugated anti-phosphotyrosine
antibody (PY20H; Santa Cruz Biotechnology) to detect phosphorylated TRIP6. The blot was
then stripped and reprobed with an anti-TRIP6 antibody (Bethyl Laboratories).

Co-immunoprecipitation, Immunoblotting, and Tyrosine Phosphorylation of TRIP6
Transfected HEK 293T cells were starved overnight followed by incubation with 2 μM LPA
for 15 min. Co-immunoprecipitation was performed as described previously (7).
Immunoblotting was performed using the antibodies specific to human TRIP6 (Bethyl
Laboratories), mouse TRIP6 (BD Biosciences), vinculin (Sigma), PTPL1, FLAG epitope,
GFP, HA epitope, or β-actin (Santa Cruz Biotechnology).

To detect tyrosine phosphorylation of the endogenous TRIP6, FLAG-TRIP6, or FLAG-
TRIP6-Δ-(397–476), transfected SYF + c-Src or HEK 293T cells were starved in 0.1% fatty
acid-free BSA-containing Dulbecco’s modified Eagle’s medium for 8 h (SYR + c-Src cells)
or overnight (HEK 293T cells) followed by incubation with 2 μM LPA for 15 min. The
endogenous TRIP6 and transfected FLAG-TRIP6 were immunoprecipitated with an anti-
TRIP6 mouse antibody (BD Biosciences) and anti-FLAG M2 monoclonal antibody-
conjugated agarose beads from the lysates, respectively. After SDS-PAGE, tyrosine-
phosphorylated TRIP6 was detected by immunoblotting using a horseradish peroxidase-
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conjugated anti-phosphotyrosine antibody (PY20H; Santa Cruz Biotechnology). Total
tyrosine phosphoproteins in SYF + c-Src MEFs (mouse embryonic fibroblasts) were
immunoprecipitated with anti-phosphotyrosine antibody-conjugated agarose beads, and the
immunoblot was probed with a horseradish peroxidase-conjugated anti-phosphotyrosine
PY20H antibody (Santa Cruz Biotechnology). Tyrosine phosphorylation of endogenous c-
Src-Y416 in the whole cell lysates of SYF + c-Src MEFs was detected by immunoblotting
using an anti-phospho-c-Src-Y416 antibody (Cell Signaling).

Time-lapse Imaging of Live Cells
SYF + c-Src MEFs expressing YFP or CFP fusion proteins of TRIP6 or PTPL1 were plated
on glass-bottomed 35-mm tissue culture dishes (MatTek Corp.). Cells were washed twice
with phenol red-free Dulbecco’s modified Eagle’s medium/F-12 containing 1% fatty acid-
free BSA and 10 mM HEPES, pH 7.4, and then incubated with 10 μM LPA. The expression
of YFP and CFP fusion proteins was visualized by Olympus IX70 inverted fluorescence
microscope using a × 100 objective. The YFP images were acquired every 20 s for 30 min
with a Photometrics 1400 charge-coupled device camera under the control of IPLab
software (Scanlytics, Inc.).

Transwell Cell Migration Assays
Transfected SKOV-3 cells were subjected to a transwell cell migration assay as described
previously (15).

TRIP6 Turnover
SYF + c-Src MEFs expressing YFP-PTPL1 or control YFP were starved for 8 h, followed
by incubation with 2 μM LPA for 15, 30, and 45 min. Cells were harvested on ice in the
Triton-X-containing buffer (1% Triton-X, 10% glycerol, 150 mM NaCl, 50 mM HEPES, pH
7.4, 1 mM EDTA, and 1 mM EGTA) supplemented with a mixture of protease inhibitors
and phosphatase inhibitors for 30 min. The detergent-resistant cytoskeletal fractions were
collected by centrifugation at 14,000 × g for 15 min. The pellets were dissolved in SDS lysis
buffer, boiled, and sonicated to disrupt the cytoskeleton. Immunoblotting was performed to
detect TRIP6, β-actin, and vinculin using antibodies specific to these proteins.

RESULTS AND DISCUSSION
PTPL1 Inhibits LPA-induced Tyrosine Phosphorylation of TRIP6 through Direct Interaction
with TRIP6

Previously it has been shown that the carboxyl-terminal LIM3 and PDZ-binding domain of
TRIP6 interacts with the second PDZ domain of human PTPL1 and its mouse homologue
PTP-BL in the yeast two-hybrid systems (3, 8). However, the functional significance for this
interaction has not yet been elucidated. In search of the candidate phosphatase of TRIP6, we
tested the ability of PTPL1 to dephosphorylate phosphotyrosine 55 of TRIP6 in vitro. We
first phosphorylated GST-TRIP6 with recombinant c-Src kinase. Following the reaction, c-
Src was removed by extensive washing and GST-TRIP6 was incubated with the catalytic
domain of PTPL1 for 15 or 30 min. The result showed that the c-Src-phosphorylated TRIP6
was dephosphorylated in the presence of PTPL1 in a dose- and time-dependent manner (Fig.
1A). To investigate whether PTPL1 regulates TRIP6 phosphorylation directly or acts as an
adaptor by recruiting other phosphatases to TRIP6, control GFP, GFP-PTPL1, or a GFP-
PTPL1-ΔCD mutant that is capable of binding to TRIP6 but lacks the catalytic domain of
tyrosine phosphatase was overexpressed in Src−/−, Yes−/−, Fyn−/− triple knock-out MEFs in
which c-Src had been reconstituted (designated SYF + c-Src MEFs). Tyrosine
phosphorylation of TRIP6 was determined after LPA stimulation for 15 min. As shown in
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Fig. 1B, LPA-induced tyrosine phosphorylation of endogenous TRIP6 was significantly
reduced by overexpression of PTPL1, but not PTPL1-ΔCD. This result indicates that the
phosphatase activity of PTPL1 is required for the reduction of TRIP6 phosphorylation.

To understand whether PTPL1 negatively regulates TRIP6 phosphorylation at physiological
conditions, we inhibited the expression of PTP-BL by a specific siRNA (designated
si(m)PTPL1) and examined LPA-induced tyrosine phosphorylation of TRIP6 in SYF + c-
Src MEFs. Under this condition, LPA-induced tyrosine phosphorylation of TRIP6 was
enhanced, suggesting a physiological relevance for this regulation (Fig. 1C).

Previously it has been reported that PTP-BL dephosphorylates phosphotyrosine 416 of c-
Src, thereby preventing auto-phosphorylation of c-Src and inactivating its kinase activity
(20, 23). Although PTPL1 may mediate TRIP6 dephosphorylation through a direct
interaction with TRIP6, it is also possible that PTPL1 indirectly inhibits tyrosine
phosphorylation of TRIP6 by attenuating c-Src kinase activity. Perhaps because the
expression and kinase activity of the reconstituted c-Src are high in SYF + c-Src MEFs, we
did not observe a significant alteration of c-Src-Y416 phosphorylation or the total levels of
tyrosine phosphoproteins by the inhibition of PTP-BL expression with its specific siRNA
(supplemental Fig. S1).

So next we compared tyrosine phosphorylation of wild-type TRIP6 and a TRIP6-Δ-(397–
476) deletion mutant that lacks LIM3 and PDZ-binding domains required for PTPL1
interaction but retains the ability to bind to the LPA2 receptor. The LPA-promoted
association of PTPL1 with TRIP6, but not TRIP6-Δ-(397–476) mutant, was first confirmed
in HEK 293T cells, which express substantial amounts of endogenous PTPL1 (Fig. 2A).
Moreover, c-Src-mediated tyrosine phosphorylation of TRIP6, but not TRIP6-Δ-(397–476)
mutant, was attenuated by overexpression of PTPL1 (Fig. 2B, lanes 3, 4 compared with
lanes 1, 2, and lanes 7, 8 compared with lanes 5, 6). Together, these results suggest that
PTPL1 mediates TRIP6 dephosphorylation through a direct protein-protein interaction.

PTPL1 Reduces TRIP6 Turnover at the Sites of Adhesions and Inhibits LPA-induced
Morphological Changes in SYF + c-Src Cells

Previously we have shown that in serum-free conditions TRIP6 is diffusely present in the
cytosol. Upon stimulation with LPA for 15–20 min, TRIP6 is targeted to focal adhesions
and co-localized with actin cytoskeleton (7). c-Src-mediated phosphorylation of TRIP6 at
Tyr-55 does not affect these signaling events but is important for TRIP6 turnover at the sites
of adhesions (15). Accordingly, PTPL1-dependent dephosphorylation may regulate TRIP6
turnover at focal adhesions. To examine the turnover of cytoskeleton-associated TRIP6
following LPA stimulation, we set up an experiment to determine LPA-induced
accumulation of TRIP6 in the detergent-resistant cytoskeletal fractions. Therefore, SYF + c-
Src cells expressing YFP-PTPL1 or control YFP were starved for 8 h, followed by
stimulation with LPA for 15, 30, or 45 min, and the Triton-X-insoluble fractions were
collected. Our results showed that LPA stimulation rapidly induced the accumulation of
TRIP6 in the insoluble cytoskeletal fractions (Fig. 3A). It reached the highest level after 15
min of treatment. Subsequently, TRIP6 was dissociated from cytoskeleton; however, the
turnover of cytoskeleton-associated TRIP6 was significantly delayed in cells over-
expressing PTPL1 (Fig. 3B). Compared with TRIP6, significant amounts of vinculin were
already present in the insoluble cytoskeletal fractions. In the control SYF + c-Src cells, LPA
stimulation slightly increased the accumulation of vinculin in the detergent-resistant
fractions but the turnover of vinculin was much slower than TRIP6 (Fig. 3A). In the cells
overexpressing PTPL1, LPA stimulation did not further increase the accumulation or induce
the turnover of vinculin in detergent-resistant cytoskeletal fractions. These results suggest
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that LPA induces a rapid assembly and disassembly of focal adhesion molecules in SYF + c-
Src cells; however, this dynamic process is retarded by PTPL1 overexpression.

LPA stimulation rapidly induces cytoskeletal rearrangement with cellular morphological
changes through the coordinate activation of Rho GTPases (25). Previously we have
demonstrated that overexpression of TRIP6, but not TRIP6-Y55F mutant, promoted LPA-
induced morphological changes in SYF + c-Src MEFs. However, overexpression of TRIP6
in Src-null SYF MEFs not only does not promote LPA-induced morphological changes but
even retards this dynamic process (15). One explanation is that TRIP6 forms stable
complexes with other signaling molecules at the sites of adhesions and the accumulated
mature adhesions perturb LPA-induced adhesion disassembly. Analogously, PTPL1-
dependent dephosphorylation of TRIP6 may negatively regulate LPA-induced
morphological changes. To explore this possibility, time-lapse imaging of live cells was
performed in SYF + c-Src cells expressing YFP or YFP-TRIP6 with either CFP or CFP-
PTPL1. Cells were washed twice with 1% fatty acid-free BSA-containing medium, and the
expression of these proteins was verified by fluorescence microscopy. Subsequently, LPA
was added to the cells and the YFP images of live cells were acquired by time-lapse
fluorescence microscopy. Our results showed that the cells expressing control YFP and CFP
started to retract their cell bodies soon after LPA stimulation for 5 min and almost
completely rounded up after 15 min of treatment (Fig. 3C, panel one, and supplemental
video S1, YFP+CFP.mov). However, this process became much slower when CFP-PTPL1
was co-expressed (Fig. 3C, panel two, and supplemental video S2, CFP+PTPL1.mov).
Overexpression of YFP-TRIP6 accelerated the rate of LPA-induced morphological changes,
and cells started to contract soon after LPA treatment for 1 min (Fig. 3C, panel three, and
supplemental video S3, YFP-TRIP6+CFP.mov). In contrast, in cells co-expressing YFP-
TRIP6 and CFP-PTPL1, LPA-induced morphological changes were almost completely
blocked (Fig. 3C, panel four, and supplemental video S4, YFP-TRIP6+CFP-PTPL1.mov). It
is apparent that the number of focal adhesions and the accumulation of YFP-TRIP6 at the
sites of adhesions were increased when CFP-PTP-L1 was co-expressed. These results
suggest that the relative expression of phosphorylated and dephosphorylated TRIP6 is a
critical determinant of TRIP6 function in LPA-induced morphological changes.

PTPL1 Reduces LPA-induced Association of TRIP6 with Crk and Attenuates TRIP6
Function in LPA-induced Cell Migration

Previously we have demonstrated that the pY55QAP motif of human TRIP6 or pY55QPP
motif of mouse TRIP6 creates a docking site for the Crk Src homology 2 domain once
Tyr-55 is phosphorylated by c-Src (15). Because PTPL1 mediates dephosphorylation of
phosphotyrosine 55 of TRIP6, it would be expected to negatively regulate this association.
Indeed, our result showed that LPA-induced interaction of TRIP6 with CrkI was
significantly reduced by PTPL1 (Fig. 4A). This result implies a role for PTPL1 in regulating
TRIP6 function in LPA-induced cell migration.

So next we expressed PTPL1 with TRIP6 in SKOV-3 ovarian cancer cells in which c-Src is
highly expressed and examined LPA-induced cell migration. Our result showed that
overexpression of PTPL1 reduced LPA-induced transwell cell migration (Fig. 4B). In the
absence of ligand stimulation, the relative cell migration rate was slightly higher in cells
overexpressing TRIP6. However, the ability of TRIP6 to promote LPA-induced cell
migration was significantly attenuated by PTPL1 overexpression.

Because PTPL1 associates with a number of actin-associated molecules, it may play a
general role in modulating cell motility through the binding and/or dephosphorylation of
other substrates involved in cell adhesion and migration. To test this possibility, we first
examined the effect of PTPL1 siRNA on cell motility. Indeed, suppression of endogenous
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PTPL1 expression significantly enhanced LPA-induced cell migration in SKOV-3 cells,
suggesting a physiological relevance of PTPL1 in this regulation (Fig. 5A). To determine
whether PTPL1 plays a general role in cell motility or specifically regulates LPA-induced
cell migration through the modulation of TRIP6 function, next we expressed PTPL1 with
the TRIP6-Δ-(397–476) mutant that lacks the PTPL1-binding domain but retains the ability
to bind to the LPA2 receptor. As shown in Fig. 5B, TRIP6-Δ-(397–476) significantly
enhanced LPA-induced cell migration. Although PTPL1 attenuated TRIP6-Δ-(397–476)
function to promote LPA-induced cell migration, this effect was not statistically significant
(p = 0.08, Student’s t-test). Thus, PTPL1-mediated dephosphorylation of TRIP6 plays a
particular role in modulating its function in LPA-induced cell migration. Nonetheless, our
results do not exclude the possibility that PTPL1 may play a broader role in cell migration
induced by other growth factors through the binding and dephosphorylation of additional
substrates involved in cell adhesion and migration.

In summary, TRIP6 function in LPA-induced adhesion turnover and cell migration is
coordinately regulated through c-Src-and PTPL1-dependent reversible tyrosine
phosphorylation and dephosphorylation. Another example for this regulation is ephrinB. It
has been reported that Src family kinases mediate ephrinB phosphorylation upon the
engagement of ephrinB with Eph receptor and regulate ephrinB-stimulated angiogenic
sprouting in primary endothelial cells. With delayed kinetics, ephrinB recruits PTP-BL and
is dephosphorylated, which switches the Src-mediated signaling to PDZ-dependent signaling
(23).

Thus far, several tyrosine phosphatases have been shown to modulate cell motility, at least
including PTP-PEST, PTP-α, PTP-1B, SHP-2, and low molecular weight PTP (26–30).
Over-expression or inhibition of these tyrosine phosphatases may perturb adhesion turnover
and impair cell motility. For example, overexpression of PTP-PEST, a phosphatase for
tyrosine-phosphorylated p130cas, leads to the inactivation of Rac1 and defective cell
migration (31, 32). Intriguingly, the PTP-PEST−/− MEFs also show impaired cell spreading
and migration (27). Thus, appropriate regulation of the tyrosine phosphatase activity of PTP-
PEST is important for efficient cell migration. Likewise, overexpression of PTPL1 slows
TRIP6 turnover at the sites of adhesions and negatively regulates TRIP6 function to promote
LPA-induced cell migration. Because PTPL1 associates with a number of actin-associated
molecules, it will be an important task to determine whether PTPL1 plays a wider role in
modulating cell motility through dephosphorylation of other substrates involved in cell
adhesion and migration.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. PTPL1 mediates dephosphorylation of phosphotyrosine 55 of TRIP6 in vitro and
inhibits LPA-induced tyrosine phosphorylation of TRIP6 in cells
A, PTPL1 dephosphorylates c-Src-phosphorylated TRIP6 in a dose- and time-dependent
manner in vitro. 1 μg of purified recombinant GST-TRIP6 was phosphorylated by c-Src in
vitro. After extensive washing to remove c-Src, phosphorylated GST-TRIP6 was incubated
with 0.1 or 0.5 μg of the catalytic domain of PTPL1 (PTPL1-CD) for 30 min (left panel) or
with 0.5 μg of PTPL1-CD for 10 or 30 min (right panel). After SDS-PAGE, the immunoblot
was probed with an anti-phosphotyrosine antibody (PY20H) to detect phosphorylated
TRIP6. The immunoblot was then stripped and reprobed with a TRIP6-specific antibody. B,
overexpression of PTPL1, but not a PTPL1-ΔCD mutant that lacks the catalytic domain of
phosphatase, eliminates LPA-induced tyrosine phosphorylation of TRIP6 in SYF + c-Src
cells. SYF + c-Src cells were transiently transfected with pEGFP, pEGFP-PTPL1, or
pEGFP-PTPL1-ΔCD. Cells were starved in 0.1% fatty acid-free BSA-containing medium
for 8 h followed by incubation with 2 μM LPA for 15 min. The endogenous TRIP6 was
immunoprecipitated with a TRIP6-specific monoclonal antibody or a control mouse IgG.
After SDS-PAGE, the immunoblot was probed with an anti-phosphotyrosine antibody to
detect tyrosine-phosphorylated TRIP6 and then was stripped and reprobed with a rabbit anti-
TRIP6 antibody. The right panel shows the expression of endogenous TRIP6, endogenous
PTP-BL, GFP-PTPL1, GFP-PTPL1-ΔCD, and GFP in the whole cell lysates. C, inhibition of
PTPL1 expression enhances LPA-induced tyrosine phosphorylation of TRIP6 in SYF + c-
Src cells. SYF + c-Src cells were transiently transfected with a control pSUPER-siScramble
vector expressing a control siRNA or pSUPER-si(m)PTPL1 vector expressing an siRNA of
PTP-BL, a mouse homologue of PTPL1. LPA-induced tyrosine phosphorylation of TRIP6
was determined as described in panel B. The bottom two panels show the expression of
endogenous PTP-BL and TRIP6 in the whole cell lysates, respectively. Data shown in each
figure are representative of three to four independent experiments.

Lai et al. Page 9

J Biol Chem. Author manuscript; available in PMC 2014 February 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 2. Deletion of the carboxyl-terminal LIM3 and PDZ-binding domains of TRIP6
disrupts its interaction with PTPL1 and abolishes PTPL1-mediated dephosphorylation of TRIP6
A, a TRIP6-Δ-(397–476) mutant that lacks the LIM3 and PDZ-binding domains cannot bind
to PTPL1. HEK 293T cells transiently expressing FLAG-TRIP6 or FLAG-TRIP6-Δ-(397–
476) were starved overnight and then stimulated with LPA for 15 min. TRIP6 or TRIP6-Δ-
(397–476) was immunoprecipitated with an anti-FLAG M2 monoclonal antibody. After
SDS-PAGE, the immunoblot was probed with an anti-PTPL1 antibody. The blot was then
stripped and reprobed with an anti-FLAG antibody to detect the immunoprecipitated TRIP6
or TRIP6-Δ-(397–476). The bottom panel shows the expression of endogenous PTPL1 in the
whole cell lysates. B, PTPL1 overexpression does not affect tyrosine phosphorylation of
TRIP6-Δ-(397–476). FLAG-TRIP6 or FLAG-TRIP6-Δ-(397–476) was expressed in HEK
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293T with HA-c-Src, GFP, or GFP-PTPL1 as indicated. After starvation overnight, cells
were stimulated with LPA for 15 min. The levels of tyrosine-phosphorylated TRIP6 or
TRIP6-Δ-(397–476) were determined as described in panel A. The bottom three panels show
the expression of GFP-PTPL1, GFP, and HA-c-Src in the whole cell lysates, respectively.
The result shown is representative of three independent experiments.
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FIGURE 3. PTPL1 reduces the turnover of cytoskeleton-associated TRIP6 and inhibits LPA-
induced morphological changes
A and B, LPA induces a rapid accumulation and turnover of TRIP6 in the detergent-resistant
cytoskeletal fractions, whereas PTPL1 slows this dynamic process. A, SYF + c-Src
fibroblasts transiently expressing YFP or YFP-PTPL1 were starved for 8 h, followed by
stimulation with LPA for 15, 30, or 45 min, and then harvested in 1% Triton X-100-
containing buffer on ice for 30 min. The insoluble cytoskeletal fractions were collected by
centrifugation at 14,000 × g and dissolved in SDS lysis buffer. After boiling and sonication
to disrupt cytoskeleton, equal amounts of protein were subjected to immunoblotting using
the antibodies specific to TRIP6, β-actin, and vinculin, respectively. The right panel shows
the expression of YFP-PTPL1 in the whole cell lysates. B, the expression levels of TRIP6 in
the insoluble cytoskeletal fractions were quantified using NIH IMAGE J software program
and were compared with that in the absence of LPA. The result shown is a representative
from three independent experiments. C, the ability of TRIP6 to promote LPA-induced
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morphological changes is inhibited by PTPL1. SYF + c-Src cells transiently expressing YFP
or YFP-TRIP6 with CFP or CFP-PTPL1 were washed twice with phenol red-free
Dulbecco’s modified Eagle’s medium/F-12 containing 1% fatty acid-free BSA and then
stimulated with 10 μM LPA for 20 min. The YFP images of live cells were acquired every
20 s for 20 min by inverted fluorescence microscope using a × 100 objective under the
control of IPLab software. Results shown are the images captured at various times and are
representative of five independent experiments.
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FIGURE 4. PTPL1 negatively regulates TRIP6 function in Crk coupling and LPA-induced cell
migration
A, PTPL1 attenuates LPA-induced association of TRIP6 with CrkI. HEK 293T cells
expressing FLAG-TRIP6, GFP-CrkI, HA-c-Src without or with HA-PTPL1 were starved
overnight and then stimulated with LPA for 15 min. TRIP6 was immunoprecipitated with
anti-FLAG M2 monoclonal antibody-conjugated agarose beads. After SDS-PAGE, the
immunoblot was probed with an anti-GFP antibody to detect co-immunoprecipitated CrkI.
The bottom four panels show the expression of GFP-CrkI, HA-c-Src, FLAG-TRIP6, and
total PTPL1 in the whole cell lysates, respectively. The result shown is a representative from
three independent experiments. B, PTPL1 attenuates the ability of TRIP6 to promote LPA-
induced cell migration. pEGFP or pEGFP-TRIP6 was transiently transfected with pCMV5
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or pCMV5-HA-PTPL1 in SKOV-3 cells. Cells were washed with 1% fatty acid-free BSA-
containing medium and then subjected to a transwell cell migration assay. LPA was added to
the bottom chamber of the transwell, and cells were allowed to migrate for 6 h. Cells that
migrated to the fibronectin-coated bottom filter were fixed, and the GFP-positive cells were
counted under a fluorescence microscope. The migration rate was determined as the relative
rate of migrated cells compared with the migrated GFP-expressing cells in the absence of
LPA and was normalized by transfection efficiency. The results shown are the mean ± S.E.
of three independent experiments. *, p < 0.01 versus LPA-stimulated GFP-expressing cells.
**, p < 0.05 versus LPA-stimulated GFP-TRIP6-expressing cells (Student’s t-test).
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FIGURE 5. PTPL1 negatively regulates LPA-induced cell migration
A, suppression of PTPL1 expression enhances LPA-induced cell migration. pEGFP was co-
transfected with pSUPER-siScramble or pSUPER-siPTPL1 into SKOV-3 cells. LPA-
induced transwell cell migration was performed as described in Fig. 4B. The immunoblot
shows the expression of GFP and endogenous PTPL1 in the whole cell lysates. The result
shown is the mean ± S.E. of three independent experiments. *, p < 0.05 versus LPA-
stimulated GFP-expressing cells. B, PTPL1 does not significantly affect the ability of
TRIP6-Δ-(397–476) to promote LPA-induced cell migration. pEGFP or pEGFP-TRIP6-Δ-
(397–476) was co-transafected with pCMV5 or pCMV5-HA-PTPL1 into SKOV-3 cells.
LPA-induced transwell cell migration was performed as described above. The results shown
are the mean ± S.E. of three independent experiments. *, p < 0.05 versus LPA-stimulated
GFP-expressing cells. **, p = 0.08 versus LPA-stimulated GFP-TRIP6-Δ-(397–476)-
expressing cells (Student’s t-test).
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