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Abstract
The regulation of PLD2 activation is poorly understood at present. Transient transfection of
COS-7 with a mycPLD2 construct results in elevated levels of PLD2 enzymatic activity and
tyrosyl phosphorylation. To investigate whether this phosphorylation affects PLD2 enzymatic
activity, anti-myc immunoprecipitates were treated with recombinant protein tyrosine phosphatase
PTP1B. Surprisingly, lipase activity and PY levels both increased over a range of PTP1B
concentrations. These increases occurred in parallel to a measurable PTP1B-associated
phosphatase activity. Inhibitor studies demonstrated that an EGF-receptor type kinase is involved
in phosphorylation. In a COS-7 cell line created in the laboratory that stably expressed myc-PLD2,
PTP1B induced a robust (>6-fold) augmentation of myc-PLD2 phosphotyrosine content. The
addition of growth factor receptor-bound protein 2 (Grb2) to cell extracts also elevated PY levels
of myc-PLD (>10-fold). Systematic co-immunoprecipitation-immunoblotting experiments pointed
at a physical association between PLD2, Grb2 and PTP1B in both physiological conditions and in
overexpressed cells. This is the first report of a demonstration of the mammalian isoform PLD2
existing in a ternary complex with a protein tyrosine phosphatase, PTP1b, and the docking protein
Grb2 which greatly enhances tyrosyl phosphorylation of the lipase.

INTRODUCTION
Phospholipase D (PLD) plays major roles in the maintenance and remodeling of cellular
membranes and generating of signal transduction molecules. It catalyzes the hydrolysis of
cell membrane glycerophospholipids, preferentially phosphatidylcholine (PC), to form
phosphatidic acid (PA) and a related base (i.e. choline). PA and its derivatives
diacylglycerol (DAG) and lysophosphatidic acid (LPA) are important signaling molecules
whereas choline is the precursor to the common neurotransmitter acetylcholine [1]. Two
distinct isoforms of PLD, denoted PLD1 and PLD2, have been identified from several
mammalian sources [2–11]. They share two phosphatidyltransferase “HKD” motifs,
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recognized by the consensus peptide sequence HxKx4D, that are crucial for lipase activity
[2,12–14].

Regulation of total PLD activity in cell homogenates by tyrosyl phosphorylation has been
previously documented [15–18]. In HL-60 granulocytes, the isoform PLD1 is tyrosyl
phosphorylated in response to peroxides of vanadate [19]. In Swiss 3T3 fibroblasts,
hydrogen peroxide induces PLD1 activation via protein tyrosine kinases [20]. In contrast,
less is known about the role of tyrosyl phosphorylation in regulating PLD2. Although PLD2
can form a complex with the EGF receptor that leads to phosphorylation of Tyr11 [21], site-
directed mutagenesis and pharmacological studies suggest that this phosphorylation is not
essential for stimulating enzyme activity [21,22]. Serine and threonine phosphorylation by
PKC is similarly dispensable [23]. More recently, others have show that PLD2 can be
phosphorylated on tyrosine by Fyn and Fgr kinases in mast cells [24]. This phosphorylation
is concomitant with PLD2 activation and cell degranulation [24].

Although a great body of data has been accumulated over the last 10 years on the complex
mechanism of PLD1 regulation in mammalian cells, the regulation of PLD2 activation is
poorly understood at present. In this report, we show that overexpressing human PLD2
tagged with an N-terminal myc peptide in COS-7 cells is tyrosyl phosphorylated by an EGF-
R type kinase. The effect of the tyrosine protein phosphatase PTP1B, itself a well-
characterized regulator of cell signaling [25–27] was also investigated. In contrast to
expectations, both enzyme activity and PY content increased, suggesting that PLD2 is in a
complex with a tyrosine kinase that can stimulate enzyme activity. We provide evidence for
the first time of a physical association between PLD2, PTP1b and the docking protein Grb2
into a ternary complex and a strong activation of phosphorylation by the latter molecule.

MATERIALS AND METHODS
Materials

pcDNA3.1 plasmid, lipofectamine “plus” reagent, Opti-MEM reduced serum medium and
SOC medium were from Invitrogen (Carlsbad, CA); D-MEM and COS-7 kidney fibroblasts
[Cercopithecus aethiops (monkey, African green)] SV40-transformed, were from ATCC
(Rockville, MD); XL1-Blue competent E. coli were from Stratagene (La Jolla, CA);
QIAfilter plasmid maxi-prep kit was from Qiagen Corp. (Valencia, CA); 1,2-dioctanoyl-sn-
glycero-3-phosphocholine (PC8) and anti-rabbit IgG (agarose beads) were from Sigma (St.
Louis, MO); n-[1-3H] butanol (5 Ci/mmol) was from American Radiolabeled Chemicals (St.
Louis, MO); 1,2-dioleoyl-sn-glycero-3-phosphobutanol (PBut) standard was from Avanti
Polar Lipids (Alabaster, AL); LK6D silica gel 60 Å TLC plates were from Whatman
(Clifton, NJ); Scintiverse II scintillation cocktail was from Fisher (Pittsburgh, PA);
electrophoresis and Bradford protein assay chemicals were from Bio-Rad Laboratories
(Richmond, CA); Immobilon PVDF membranes were from Millipore (Bedford, MA);
enhanced chemiluminescence (ECL) Western blotting detection reagents were from
Amersham Pharmacia Biotech (Piscataway, NJ); anti-PLD2 (N-terminal) affinity-purified
polyclonal antibody was from BioSource (Camarillo, CA); c-myc (9E10) agarose-
conjugated monoclonal, c-myc (A-14) polyclonal, anti-phosphotyrosine (PY-20 and PY-100
clones) and GFP plasmid (pCruz-GFP, 7.3 kb) were from Santa Cruz Biotech (Santa Cruz,
CA); genistein, AG-18 and PTP1B were from Calbiochem (La Jolla, CA); recombinant
Grb2 was from Upstate Biotechnology (Lake Placid, NY).

Transient transfection of COS-7 cells with pcDNA3.1-mycPLD2
The plasmid pcDNA3.1-mycPLD2 (8.8 kb) was originally described in [9]. It contains the
complete ORF of human PLD2 (2.8 kb) and a 566 bp 3′-UTR, cloned from a B lymphocyte
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library and inserted in 5′-HindIII-3′-Not1 of the pcDNA3.1 multiple cloning site. The myc
tag sequence (EQKLISEEDL) was synthesized by PCR at the 5′-end directly contiguous to
the ATG start/Kozac consensus site of PLD2 cDNA. COS-7 cells were initially seeded at
1×105 cells/well in 6-well tissue culture plates, in 1.5 ml D-MEM containing 10% FBS (D-
MEM/FBS) and nonessential amino acids. Cells were grown at 37 °C in a CO2 incubator
until they were 70–80% confluent (~48 h). For transient transfection, the growth media was
removed, washed twice with 2 ml of reduced-serum opti-MEM and 0.3 ml of this media was
added to each well. Then, 0.3 ml of a lipid-DNA complex (2 μg pcDNA-mycPLD2 plasmid,
3 μl lipofectamine and 5 μl “plus” reagent in Opti-MEM, previously mixed in sterile glass
test tubes) was added to the cells. After a two-hour incubation, cells were washed with D-
MEM/FBS and were incubated in 0.6 ml of the same medium for 48 h to achieve the
maximum level of PLD2 expression. In control experiments, co-transfection of pcDNA-
mycPLD2 with a plasmid of similar size (7.3 kb) that contained the green fluorescent protein
gene (pCruz-GFP) was used in the same experimental conditions to confirm the efficiency
of transfection as >75%. After 48-hr transfection PLD2-expressing COS-7 cells were
resuspended in 0.3-ml PLD Assay Buffer (5 mM HEPES, pH 7.8, 5 μg/ml aprotinin and
pepstatin) and sonicated briefly.

Generation of COS-7 stable transformants expressing PLD2
A stable cell line that continuously expresses PLD2 in COS-7 cells was constructed as
follows. COS-7 cells were grown in D-MEM media in 6-well tissue culture plates at 37 °C
in a 5% CO2 incubator until they reached at least ~80% confluency. The growth media was
removed, washed twice with 2 ml of reduced-serum opti-MEM and 0.3 ml of this media was
added to each well. Then, 0.3 ml of a lipid-DNA complex (pcDNA3.1-mycPLD2 plasmid in
a 0.75–2.5 μg DNA range, 3 μl lipofectamine and 5 μl “plus” reagent in Opti-MEM,
previously mixed in sterile glass test tubes) was added to the cells. After a two-hour
incubation, cells were washed with D-MEM/FBS and were incubated in 0.6 ml of the same
medium for 48 hours. From previous experiments, this is the time at which transient
transfection yields the maximum of PLD2 expression. Expression was confirmed by
fluorescence of GFP in cells co-transfected with a pCruz-GFP vector. Several colonies were
then started on fresh plates on an antibiotic cycle (taking advantage of the neomycin
resistance gene existing into the pcDNA3.1 plasmid), to determine the minimum
concentration of antibiotic needed to kill the untransfected cells. One group of plates
received 400 μg/ml geneticin and a second group received 800 μg/ml. After one month of
growth, these concentrations were changed to 800 μg/ml and 1200 μg/ml, respectively, to
induce increased cell death and selection of surviving clones in continuous growth at 37 °C
and 5% CO2. In about two additional weeks, suspected stable transfectants were trypsinized
and transferred to fresh plates with D-MEM/FBS media containing the same antibiotic
concentrations.

Confluent cells (>70%) were used for confirmation of protein expression (by
immunoprecipitation and Western blotting) and in vitro enzymatic. For this, six-well plates
containing stable hPLD2 COS7 cells were incubated for 1 hour with 0.25x tyrosine
phosphatase inhibition cocktail-II (Sigma). Cells were rinsed, trypsinized, collected and
spun briefly. Cell pellets were resuspended in sonication buffer (5 mM Hepes, pH 7.2) and
total cell sonicates (100 μl per sample) were used for incubation with PTP1B or Grb2 for 30
min at 30 °C, with slight agitation and vortexing. Samples were used for
immunoprecipitation with anti-myc agarose-conjugated antibodies. Immunocomplex beads
were taken for either SDS/PAGE and Western blotting or to in vitro phospholipase enzyme
assay. Four viable, fully characterized, clones were identified and used for further
experiments.
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Immunoprecipitation, Western blotting and measurement of in vitro PLD2 activity
Immunoprecipitation and immunoblotting were executed as before [28,29]. Immune
complexes were then subjected to SDS-PAGE and immunoblotting with antibodies specific
for myc, PLD2, phosphotyrosine, PTP1B and Grb2. Overexpressed mycPLD was
immunoprecipitated with 9E10 monoclonal antibody as previously described [30]. Immune
complexes were resuspended in a final volume of 40 μgl ice-cold PLD Assay Buffer.
Measurement of lipase activity began with the addition of the following reagents (final
concentrations): 24 mM PC8 phospholipid, 75 mM HEPES (pH 7.8), and 4.7 μCi
[3H]Butanol in a liposome form, as indicated in [32]. Samples were incubated for 20
minutes at 30 °C with continuous shaking. Addition of 0.3 ml ice-cold chloroform/methanol
(1:2) and 70 μl of 1% perchloric acid stopped the reactions [31]. Lipids were then isolated
and resolved by thin layer chromatography. The amount of 3H-PBut that co-migrated with
PBut standards was measured by scintillation spectrometry. Control reactions lacking PC8
were used to remove background counts.

Phosphatase/Grb2 treatment and phosphatase activity assays
COS-7 cell pellets were resuspended in 5 mM Hepes, pH 7.2 and sonicated briefly [(Sonic
Dismembrator 70 (Fisher Scientific), medium setting, 2-five second cycles]. Sonicates were
then supplemented with PTP1B essentially as described elsewhere [32]. Briefly, PTP1B was
resuspended in a 160 μl total volume pre-chilled 25 mM Tris-HCl, pH 7.6, added to cell
lysates and incubated for 30 minutes at 30 ûC. PTP1B stock was 0.5 μg/μl, 25 mU/μl (one
unit hydrolyzing 1 μmol of phosphopeptide substrate/min at pH 7.2). In other experiments,
different concentrations of recombinant Grb2 (see results) were incubated with cell sonicates
under comparable conditions. Placing the samples on ice stopped the reactions. mycPLD2
was immediately immunoprecipitated with anti-myc antibodies and lipase activity was
measured as described above. In some experiments, PLD2 was first immunoprecipated and
then treated with PTP1B before measuring enzyme activity. The activity of PTP1B was
confirmed in assays measuring the cleavage of p-nitrophenylphosphate (PNPP) into p-
nitrophenol (PNP) exploiting the differences in absorbance peaks of PNPP and PNP (400
and 420 nm respectively).

Statistical Analysis
Data are presented as the mean ± SEM. The difference between means was assessed by the
Single Factor Analysis of Variance (ANOVA) test. Probability of less than 0.05 (p<0.05)
was considered to indicate a significant difference.

RESULTS
A tyrosyl-phosphorylated PLD2 protein in transiently transfected cells

pcDNA3.1-mycPLD2 was transfected into COS-7 cells to study the regulation of PLD2
activity by tyrosine phosphorylation. Two days later, PLD2 was immunoprecipitated using
myc-specific antibodies from transfected, mock transfected and untransfected cells, and
subjected to SDS-PAGE and immunoblotting with anti-PLD2 antibodies (Fig. 1A). An
abundant ~103 kDa protein corresponding to PLD2 was present in transfected cells. COS-7
lysates were also immunoprecipitated using myc-specific antibodies and derived
immunoblots were probed also with anti-myc (Fig. 1B).

The presence of mycPLD2 was also confirmed in these experimental conditions, and it far
exceeded endogenous levels of PLD2. Since anti-myc immunoblotting of myc
immunoprecipitates was essentially similar to anti-PLD2 immunoblotting of myc
immunoprecipitates, we concluded that anti-myc and anti-PLD2 antibodies could be used
indistinctly for the purpose of this study. In vitro enzyme assays of anti-myc
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immunoprecipitates with PC8 liposomes and [3H]n-butanol, confirmed the presence of
PLD2 enzymatic activity (Fig. 1C). Lipase activity in transfected cells was ~4 times higher
than that of negative controls. Levels of expressed mycPLD2 and associated enzymatic
activity increased as a function of concentration of DNA used for transfection (not shown).
Maximal protein expression and enzyme activity occurs 2–3 days after transfection that
coincides with a peak of expression of GFP following co-transfection with pCruz-GFP
(>75%).

Cellular localization of myc-PLD2 was confirmed by immunostaining with PLD2 and myc
specific antibodies (Fig. 1D, E). Identical staining patterns seen with both antibodies
indicated that the readily detected antigen detected with PLD2-specific antibodies was
predominantly the overexpressed protein. Consistent with the prior observation that PLD2
forms a complex with EGFR [21], addition of 100 nM EGF to transfected cells increased the
amount of mycPLD2 localized to the plasma membrane (not shown). Reprobing these blots
with PY-specific antibodies showed that mycPLD2 was constitutively phosphorylated on
tyrosine residues (Fig. 1F). This observation, coupled with the ability to detect lipase
activity attributable to the transgene, indicated that transfected COS-7 cells provide a unique
opportunity to study the role of PY in regulated PLD2 in vivo.

The type of kinase involved in phosphorylation was investigated. Culture cells were
incubated with genistein for 48 hours. Concentrations of genistein between 0.1 and 10 mg/
ml caused a decease in enzymatic activity (Fig. 2A). Genistein treatment in continuous
culture also caused a decrease in tyrosine phosphorylation (Fig. 2B). Further experiments
were carried out with a AG-18, specific inhibitor of the epidermal growth factor (EGF)
receptor kinase [33]. In the in vitro data presented in (Fig. 2C), AG-18 was able to negate
the effect of PPTP1B and decrease both phosphorylation and enzymatic activity. COS-7
cells treated with 100 nM EGF recruit mycPLD2 to the plasma membrane (data not shown).
Thus, the EGF-R or an EGF-R type kinase is involved in the phosphorylation of PLD2. [33]

Effect of protein tyrosine phosphatases on tyrosyl phosphorylated PLD2
To study the effects of tyrosyl phosphorylation on PLD2 activity, we attempted to
dephosphorylate PLD2 using the tyrosine-specific phosphatase PTP1B and then measure
enzyme activity. mycPLD2 was immunoprecipitated from transfected and control cells using
anti-myc antibodies and then treated with PTP1B. Surprisingly, PY levels increased with
treatment 0.1 and 1 μg/ml PTP1B (Fig. 3A). Likewise, PLD2 activity present in these
immunoprecipitates increased 150% following phosphatase treatment (Fig. 3B). Similar
results occurred when cell extracts were treated with phosphatase before
immunoprecipitation (not shown). Treatment with CD45 and Yersinia tyrosine phosphatases
also elicited the increases in PY content and PLD2 activity although to lesser extents (data
not shown). Therefore there is a positive correlation between the phosphorylation state of
PLD2 and its activity and that a tyrosine protein kinase must be present in both cell lysates
and in mycPLD2 immune complexes that can account for the increase in PY content.

Because PY levels increased and not decreased after phosphatase treatment, we assayed
PTP1B activity using PNPP as a substrate to determine if phosphatase activity was lost or
altered under the experimental conditions. The results presented in Fig. 4A indicate that
PTP1B was active in a concentration dependent manner in the buffers used above.
Moreover, under these conditions, PTP1B exhibited its normal range of regulation:
stimulation by millimolar concentrations of DTT and EDTA and inhibition by micromolar
concentrations of ZnCl2 (Fig. 4B).
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Tyrosine phosphorylation of PLD2 in a stable COS-7 cell line
Being mindful of the artifacts of liposome-mediated transfection, we created in our
laboratory four COS-7 cell lines, taking advantage of the neomycin-resistant gene in
pcDNA3.1, that stably overexpressed PLD2. Characterization of a representative line is
shown in Fig. 4. It expressed an abundant ~103 kDa protein and possesses 2.5–3 times more
PLD2 activity than COS-7 control cells (Fig. 5A and B). As with the transient transfections,
mycPLD2 could be pulled down and blotted with antibodies specific for either myc or PLD2
(Fig. 5C and D). Although enzyme levels were somewhat less than transiently transfected
cells, lipase activity increased after treatment with PIP2 to levels that are comparable to
transiently expressing cells (Fig. 5B). This was consistent with previous observations that,
whereas PLD1 has a nearly absolute dependence on cofactors as PIP2 and Rho/Arf, PLD2
activity can be stimulated by PIP2 [9]. As before, treating cell line extracts with phosphatase
increased both PY and activity levels. Fig. 6A shows that PTP1B increased PLD2 PY levels
roughly ~6-fold over controls, consistent with the results in Fig. 2A but quantitatively larger
as PTP1B was added to cell lysates in the stably transfected cells.

Identifying a PLD2 activating protein (Grb2) and the existence of a ternary complex PLD2-
PTP1b-Grb2 in overexpressed COS-7 cells

In the course of immunoblotting samples treated with PTP1B (Figs. 2A and 6A), we noted
the presence of a low-molecular weight protein (~29 kDa) that was increasingly tyrosyl
phosphorylated after PTP1B treatment in a dose dependent manner (Fig. 6B). A literature
search revealed that proteins of this size that could play a role in tyrosine phosphorylation
signaling included, among others, the Src homology-2 (SH2)-containing growth factor
receptor-bound protein 2 (Grb2). Since Grb2 serves as an anchor between PTP1B and
tyrosine protein kinases through the SH2 and SH3 domains [34], we investigated the
possibility that Grb2 might have a role in regulating PLD2 phosphorylation.

Lysates of COS-7-mycPLD2 cells were supplemented with Grb2 to test whether Grb2 could
stimulate PLD phosphorylation and activity. mycPLD2 was then immunoprecipitated and
subjected to immunodetection with PY-specific antibodies. Addition of 1 and 10 μg/ml Grb2
induced a ~4- and ~10-fold increased PY levels of mycPLD compared to untreated controls
creating a “hyper-phosphotyrosyl” isoform (Fig. 7A). Furthermore, Grb2 itself was also
tyrosyl phosphorylated (Fig. 7B). Increases in PLD and Grb2 phosphorylation stimulated
PLD2 (130%) although enzymatic activity did not increase proportionately to increases in
PY.

Finally, to investigate the possibility that Grb2 serves as a “docking” point for phosphatases,
kinases and PLD2 itself, we used pull-down experiments looking for evidence of
interactions between PLD2, PTP1B and Grb2. Figure 8A shows that PLD2 was
immunoprecipitated with Grb2-specific antibodies; an interaction that was stimulated by
addition of recombinant Grb2 to the lysates prior to immunoprecipitation. Conversely, Grb2
was pulled-down with myc-specific antibodies (Fig. 8B). Similarly, PTP1B and Grb2 were
reciprocally pulled down with Grb2 and PTP1B specific antibodies, respectively (Fig. 9A).
Lastly, Fig. 9B shows that PTP1B and PLD2 were reciprocally co-immunoprecipatable.
Note that in all cases, immunoprecipitation of the three different molecules was observed in
physiological conditions, i.e., in lanes derived from cells not transfected (plain COS-7 cells,
broadening the implication of these results. Taken together, these observations indicated that
PLD2, PTP1B and Grb2 form part of a ternary complex both in vivo and in cells
overexpressing PLD2.
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DISCUSSION
The data presented here shows first, that PLD2 can be transiently and stably overexpressed
in COS-7 cells, that the expressed protein is constitutively active, and that it is tyrosyl-
phosphorylated. Surprisingly, treatment of cell extracts or PLD2 immunoprecipitates with
protein tyrosine phosphatases concomitantly increases levels of PY and PLD2 activity. We
believe that this is the first report of a protein tyrosine phosphatase affecting mammalian
PLD2 activity. There is precedent for a functional link between a protein phosphatase
(PP2C) and PLD activity in Arabdidopsis where PA, the product of phospholipase Dα1
activity, interacts with the phosphatase that in turn regulates abscisic acid signaling
responses [35]. However, the homology between mammalian PLD2 and plant PLD1 is low,
except for the highly conserved HxKx4D sequence that are crucial for lipase activity.

Our observation that PTP1b treatment of cell lysates or PLD2 immunoprecipitates stimulates
PLD2 tyrosyl-phosphorylation, indicates that a tyrosine protein kinase must be in a complex
with PLD2. Based on the current literature, the likely candidates are: (a) EGFR, that is
known to phosphorylate PLD2 [21]; or (b) Src family of kinases Fyn and Fgr, as recently
demonstrated [24], regarding PLD2 phosphorylation, activation and mast cell degranulation.
Moreover, Ahn et al. [36] have observed a physical interaction between the plectstrin
homology domain of PLD2 and c-Src which provides a molecular basis for the interaction of
PLD2 and its kinase. The data shown in this report indicate that an EGF-Receptor type
kinase is involved in the phosphorylation of PLD2. Presumably, this kinase could in turn
activate the PTP1b in a signaling complex. There are many examples where a protein
tyrosine phosphatase regulates kinase function [37–46].

We provide here also evidence for the first time of a physical association between PLD2,
PTP1b and the docking protein Grb2 into a ternary complex and a strong activation of
phosphorylation by the latter molecule. As for the PLD2-Grb2 interaction, addition of Grb2
to extracts of cells expressing mycPLD2 leads to hyperphosphorylation of PLD2 and Grb2,
with only a modest effect on enzyme activity. The disconnection between phosphorylation
and enzyme activity has been observed previously [22,23]. It seems likely that Grb2-
stimulated hyperphosphorylation may be regulating interactions protein interactions PLD2.
It is also likely that the pleckstrin homology domain and SH3 binding motifs will be
important for PLD2 interactions with PTP1B, Grb2, and the unidentified protein tyrosine
kinase. The C-terminus of PTP1B contains two proline-rich SH3 domains (Pro-X-X-Pro-X-
Arg) that mediates with other proteins including Grb2, Crk and p130(Cas) [47]. PKCα is
known to be involved. Chen and Exton [23] and Han et al. [48] have demonstrated recently
that PLD2 is phosphorylated by PKCα and that both molecules physically interact with each
other. Similar to our results with Grb2 addition, PKCα phosphorylation is not required
activation of the lipase.

The biological significance of the data presented here is that for the first time evidence is
presented that PLD2 is part of a ternary complex with a tyrosine phosphatase and a docking
protein that can make the regulation of PLD2 as complex as that of PLD1. Possibly, a fourth
signaling protein (a EGF-R type kinase) might be included in this complex as inhibition data
indicates. The demonstration that the adapter protein Grb2 can greatly change the
phosphorylation state of PLD2 suggest the potential for many undiscovered protein
interactions with known signaling proteins used by growth factors and mitogens. The
relevance of these novel findings is also heightened given that evidence of a ternary
complex is observed in physiological conditions.
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ABBREVIATIONS

PLD phospholipase D

PA phosphatidic acid

PBut phosphatidylbutanol

PC8 1,2-dioctanoyl-sn-glycero-3-phosphocholine

PTP1B protein tyrosine phosphatase-1B

PNPP p-nitrophenylphosphate

PNP p-nitrophenol

FITC fluorescein iso-thiocyanate

TRITC tetramethyl rhodamine iso-thiocyanate

GFP green fluorescence protein

Grb2 growth factor receptor-bound protein 2

AG-18 specific inhibitor of the epidermal growth factor (EGF) receptor kinase
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Figure 1. Detection of PLD2 as constitutively phosphorylated on tyrosine
(A) COS-7 cells were co-transfected with pcDNA3.1-mycPLD2, with the empty vector
(pcDNA3 alone) or with plain COS-7 cells (no lipofectamine) for 36 hours. After this, cells
were harvested and whole sonicates were immunoprecipitated with anti-Myc (9E-10)
monoclonal antibody and immunocomplexes were analyzed by SDS/PAGE and
immuoblotting developed with anti-PLD2 antibodies. (B) Cells treated as in the previous
panel were also immunprecipitated with anti-myc antibodies and Western blots were also
probed with anti-myc. (C) anti-Myc immunoprecipitates were used for measuring enzymatic
activity in PC8 liposomes and [3H]n-butanol. (D, E) Cellular co-localization of myc and
PLD2 by immunofluorescence micrographs: COS-7 cells transfected with pcDNA3-
mycPLD2 were immunolabeling of slides with PLD2-TRITC (D) and myc-FITC (E)
antibodies. (F) Same blot as shown in panel B, derived from anti-Myc immunoprecipitates
and Western blots, were stripped and developed with anti-phosphotyrosine antibodies.
Results are representative of 4 experiments in duplicate and, for panel C, data represent
mean ± SEM of 4 independent experiments.
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Figure 2. Effect of tyrosine kinase inhibitors on PLD2
Transfected COS-7 cells were cultured continuously with genistein for 48 hours. Cells were
harvested and cell lysates (~0.8 mg protein/ml) were immunoprecipitates with anti-myc
antibodies that were used for measuring enzymatic activity (A) or immunoblotting (B). In
(C) the effect of the EGF-R inhibitor AG-18 was assayed n vitro in the presence or assensu
of PTP1B. Both activity and immunoblotting (inset) were measured.
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Figure 3. Action of PTP1B on PLD2 tyrosine phosphorylation and activity
Transfected COS-7 cells were harvested and cell lysates were immunoprecipitates with anti-
myc antibodies. Immunocomplex beads were treated with the indicated concentrations of
PTP1B and then processed for by SD/PAGE and Western blot with anti-PY antibodies or
with anti-myc for confirmation of equal protein loading (A) (shown is the region
corresponding to PLD2, 103 kDa) or for PLD2 activity measurement also in
immunocomplexes (B). Data represent mean ± SEM of 3 independent experiments in
duplicate.
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Figure 4. Confirmation of the presence of phosphatase activity
(A) Increase in the detection of the phosphatase reaction product, PNP, over a range of
exogenously added PTP1B. Insert: Absorption maxima for PNPP and PNP. (B) Effect of
exogenously added PTP1B on the cleavage of PNPP and production of PNP in the same
experimental conditions as those used in Figure 2. Also indicated is the effect of DTT,
ZnCl2 and EDTA on phosphatase activity in. Data represent mean ± SEM of 3 independent
experiments in duplicate.
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Figure 5. A stable cell line overexpressing PLD2 also shows constitutive tyrosyl phosphorylation
of PLD2
(A) Several clones of transformed COS-7 cells were grown on 6-well tissue culture plates
(1×106 cells/well) in the continuous presence of 400 μg/ml geneticin. Shown in the figure is
clone #3, out of 4 valid ones, that was harvested and sonicated briefly in lysis buffer,
followed by immunoprecipitation with anti-Myc (9E-10) monoclonal antibodies.
Immunocomplex beads were used for SDS/PAGE and subsequent Western blotting with
anti-Myc antibodies. (B) Detection of in vitro PLD2 activity in anti-myc immunoprecipitates
and its comparison to cells transiently transfected, and the effect of PIP2. (C, D)
Confirmation of exchangeability of myc and PLD2 antibodies in the detection of
overexpressed PLD2 in two similar clones of stable cells (clones #3 and #4). Shown are
representative blots among a total of 4.
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Figure 6. PTP1B increases tyrosine phosphorylation of PLD2 in a stable cell line
(A) Stable COS-7 cells were harvested and cell lysates (~0.8 mg protein/ml) were treated
with the indicated concentrations of recombinant PTP1B, immunoprecipitated with anti-myc
antibodies and used for SDS/Western blotting developed with anti-phosphotyrosine
antibodies (clone PY100). (B) COS-7 cell lysates treated with the indicated concentrations
of PTP1B were immunoprecipitated with anti-myc antibodies. Immunocomplex beads were
run in SDS/PAGE gels and resulting blots were developed with anti-PY antibodies. The
arrow marks the position a heavily Tyr-phosphorylated protein with an apparent Mw of 29
kDa.
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Figure 7. Induction of a hyperphosphorylated PLD2 band by recombinant Grb2
(A) COS-7 lysates were treated with the indicated concentrations of Grb2 and
immunoprecipitated with anti-myc antibodies followed by Western blotting, probed with
anti-phosphotyrosine antibodies. (B) Confirmation of Grb2 tyrosyl phosphorylation and of
the presence of the Grb2 protein itself.
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Figure 8. Co-immunoprecipitation of PLD2 and Grb2
(A) Immunoprecipitation with anti-Grb2 antibodies and immunoblotting with anti-PLD2.
Shown is the region of the immunoblots where PLD2 localizes (103 kDa). (B)
Immunoprecipitation with anti-myc antibodies and immunoblotting with anti-Grb2. Shown
is the region of the immunoblots where Grb2 localizes (29 kDa). The COS-7 “Control” in
(A) refers to non-transfected cells. The “Grb2 positive control” in (B) refers to an extract of
cells that are overexpressing Grb2. Shown are typical experiments among three total.
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Figure 9. Co-immunoprecipitation of PTP1B and Grb2 and of PLD2 and PTP1B
(A) Upper panel: Immunoprecipitation with anti-Grb2 antibodies and immunoblotting with
anti-PTP1B. Shown in the is the region of the immunoblots where PTP1B localizes (37
kDa). “Control COS-7” refers to plain COS-7 cells. Lower panel: Immunoprecipitation with
anti-PTP1B antibodies and immunoblotting with anti-Grb2. Shown is the region of the
immunoblots where Grb2 localizes (29 kDa). (B) Upper panel: Immunoprecipitation with
anti-myc antibodies and immunoblotting with anti-PTP1B. Shown is the region of the
immunoblots where PTP1B localizes (37 kDa). Lower panel: Immunoprecipitation with
anti-PTP1B antibodies and immunoblotting with anti-PLD2. Shown is the region of the
immunoblots where PLD2 localizes (103 kDa) of an experiment typical among a total of
three.
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