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Abstract
PTEN (phosphatase and tensin homologue deleted on chromosome 10) is a lipid phosphatase that
functions as a negative regulator of the phosphoinositide-3-kinase (PI3K) pathway. The present
study sought to examine in depth the interaction between PTEN and eNOS activity. Co-expression
of eNOS and PTEN in COS-7 cells significantly decreased NO production compared to eNOS
alone, while co-expression of eNOS and the dominant negative mutant PTEN(C124A)
significantly increased NO production. Upon examination of the putative eNOS phosphorylation
sites, phosphorylation of S116, T497, S617, S635 and S1179 was decreased by PTEN co-
expression, while the dominant negative PTEN(C124A) produced an increase in phosphorylation
of all sites except S116 and S635. A myristoylation-deficient eNOS construct with little
dependence on phosphorylation state (G2AeNOS) was not significantly affected by co-expression
with either PTEN or PTEN(C124A). Likewise, an eNOS construct with a triple phospho-null
mutation (S617A, S635A & S1179A) was also unaffected by co-expression with either PTEN or
PTEN(C124A). Purified PTEN or PTEN(C124A) failed to interact with purified eNOS in vitro,
arguing against a direct interaction between PTEN and eNOS. When the PTEN constructs were
expressed in human aortic endothelial cells (HAECs), PTEN significantly decreased NO
production and PTEN(C124A) increased it, and both S617 and S1179 were altered by co-
expression with the PTEN constructs. Increased expression of PTEN in endothelial cells did not
influence superoxide production. We conclude that PTEN is a regulator of eNOS function both
when expressed in COS-7 cells and in human endothelial cells, and does so via its effects on the
PI3K/Akt pathway.

Introduction
PTEN (phosphatase and tensin homologue deleted on chromosome 10) is a tumor-
suppressor gene that was originally characterized as a dual specificity phosphatase that
could dephosphorylate serine, threonine and tyrosine residues (25). In addition to proteins,
PTEN was later shown to dephosphorylate acidic phospholipids, in particular
PtdIns(3,4,5)P3, with high efficiency (21). These actions directly oppose those of the lipid
kinase, phosphatidyl inositol 3-kinase (PI3-K) and downstream signaling molecules such as
Akt (30). Mutations in PTEN are commonly found in a number of cancers, particularly in
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advanced stages (19) and alterations in PTEN function can dramatically influence the
architecture of the vasculature and in particular, modulate the process of angiogenesis
(22,32,35). Recently, pharmacological inhibition of PTEN and conditional knockout of
PTEN in lung epithelial have been shown to protect against acute lung injury or ALI
(17,31). However the mechanisms by which PTEN evokes changes in vascular and lung
function are poorly understood.

The protein kinase Akt (also referred to as PKB) is a well-known activator of endothelial
nitric oxide synthase (eNOS) (5,13) and PTEN therefore represents a potentially important
negative regulator of NO production and cardiovascular function. Indeed, recent studies
have suggested that PTEN, when upregulated via activation of the p38MAPK in response to
exposure to human cytomegalovirus (29), palmitic acid (33) or resistin (28), inhibits eNOS
activity. Although these studies suggest that PTEN can indeed inhibit eNOS activity, no
study has yet examined the mechanisms by which PTEN inhibits eNOS in depth.

In addition to calcium-calmodulin, eNOS activity is regulated by a number of post-
translational mechanisms that include its subcellular location, protein:protein interactions
and the phosphorylation of serine, threonine and more recently, tyrosine residues
(6,12,14,24). In particular, the phosphorylation of Serines 1179, 635 and 617 and tyrosine 83
correlate with increased eNOS activity and the phosphorylation of S116 and T497 are
inhibitory (note: amino acid numbers refer to bovine eNOS). The ability of eNOS to
generate NO can also be influenced by factors influencing the fidelity of synthesis or state of
“uncoupling” these include the binding of hsp90, changes in phosphorylation and
intracellular levels of tetrahydrobiopterin (9).

Currently the mechanisms by which PTEN influences eNOS activity are not established. In
this study we investigate whether PTEN influences the phosphorylation of eNOS at specific
serine or threonine residues and determine whether the modification of these sites is of
functional significance. We also determine whether PTEN influences the phosphorylation of
tyrosine 83 on eNOS and the generation of superoxide in endothelial cells. This is achieved
in both a heterologous expression system and in physiologically relevant endothelial cells.

Materials and Methods
Cell Culture and Transfection

COS-7 cells were cultured in Dulbecco’s modified Eagle’s medium (Invitrogen) containing
L-glutamine, penicillin, streptomycin and 10% (v/v) fetal bovine serum. Cells were
transfected with Lipofectamine 2000 according to the manufacturer’s instructions
(Invitrogen). Human aortic endothelial cells (HAECs) were obtained from Cascade
Biologics, and cultured on gelatin-coated plates in EBM®-2 Endothelial Cell Basal Medium
(Clonetics). HAECs were transduced with GFP, PTEN or PTEN(C124A) constructs that had
been inserted into the AdEasy adenoviral expression system (Invitrogen).

Construction of PTEN and eNOS constructs
GFP-tagged PTEN was obtained from Dr. K. Yamada. A GFP-tagged dominant-negative
PTEN construct (PTEN(C124A)) was created by point mutation of the cysteine at position
124 to alanine (21) using the following primers: Sense: 5’-
GTTGCAGCAATTCACGCCAAAGCTGGAAAGGGA-3’, Antisense 5’-
TCCCTTTCCAGCTTTGGCGTGAATTGCTGCAAC-3’. A cytosolic bovine eNOS
construct (G2AeNOS) was constructed by mutating the alanine at position 2 of wild type
bovine eNOS (WTeNOS) to a glycine, preventing fatty acylation of the enzyme, as
previously described (27). A phospho-null eNOS mutant (3SAeNOS) was generated by
mutating serines 617, 635 and 1179 to alanine on bovine eNOS using sequential PCR
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mutagenesis with primers previously described (1,13), and then sub-cloning the various
fragments into the WTeNOS construct (4).

NO release from intact cells
COS-7 cells were transfected with the constructs of interest and studied 48 hr later. HAECs
were transduced with adenovirus and studied 24 hr later. In both cases cells, when
stimulated, were challenged with the Ca2+ ionophore ionomycin (1 µM) for 30 min. Media
containing NO (primarily NO2

−) was ethanol-precipitated to remove proteins and was
refluxed in sodium iodide/glacial acetic acid to convert NO2

− to NO. NO was then
quantified via specific chemiluminescence following reaction with ozone (Sievers). All NO
measurements were corrected by subtracting the signal detected from cells transfected with
empty vector (pcDNA3).

Immunoprecipitation
Cells were washed twice with phosphate-buffered saline and lysed in homogenization buffer
of the following composition: 50 mM Tris-HCl, 0.1 mM EGTA, 0.1 mM EDTA, 0.1% SDS,
1% NP-40, 0.1% deoxycholic acid. Lysates were homogenized and cleared by
centrifugation. After determining protein concentration (DC protein assay kit, Pierce), equal
amounts of protein were incubated with an excess of GFP antibody (Abcam) for 2 hr at 4°C.
Protein A/G sepharose beads were then added and the mixture incubated for another 1 hr at
4°C. The immune complexes were washed 3x with lysis buffer and resuspended in
phosphatase buffer (see below) in preparation for the in vitro phosphatase assay.

ADP-sepharose isolation of eNOS constructs and in vitro phosphatase assay
Cells were washed twice with phosphate-buffered saline and homogenized in buffer of the
following composition: 50 mM Tris-HCl, pH 7.5, 0.1 mM EGTA, 0.1 mM EDTA, 10 mM
NaF, 1 mM orthovanadate and 1x protease inhibitor cocktail (Sigma). Pre-hydrated 2,5-
ADP-sepharose beads (Amersham) were then added to the fractions and rotated at 4°C for 3
hr. Beads were then washed 3 times in homogenization buffer, before being resuspended in
phosphatase assay buffer of the following composition: 50 mM HEPES, 10 mM MgCl2 and
10 mM DTT. The 2,5-ADP-sepharose beads bound to eNOS were then mixed with Protein
A/G beads bound to either GFP, PTEN or PTEN(C124A), or mixed with an equal volume of
phosphatase buffer containing the alkaline phosphatase CIP as a control, and incubated at
37°C for 30 min. Reactions were terminated after 30 min by boiling samples in SDS loading
buffer.

Immuno-Blotting
Cells were washed with phosphate-buffered saline and lysed in homogenization buffer of the
following composition: 50 mM Tris-HCl, 0.1 mM EGTA, 0.1 mM EDTA, 0.1% SDS, 1%
NP-40, 0.1% deoxycholic acid. Lysates were homogenized and cleared by centrifugation,
then boiled in 5x Laemmli buffer and size fractionated by SDS-PAGE. Blots were
transferred to nitrocellulose membrane in standard transfer buffer for 18 hr at 4°C and 40V,
and then blocked in non-fat milk for 1h. After blocking, membranes were incubated with
phospho-specific antibodies raised to the individual eNOS phosphorylation sites (phospho-
S116 & phospho-S617, Upstate; phospho-T497, Cell Signaling Technologies; phospho-
S635 & phospho-S1179, BD Transduction Laboratories), with anti-eNOS monoclonal
antibody (9D10, Zymed Laboratories), or with anti-PTEN (Cell Signaling) for 2 hr, washed,
incubated with secondary antibody conjugated to horseradish peroxidase (anti-mouse or
anti-rabbit, Amersham), washed again, and then developed using chemiluminescence
(Amersham).
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Measurement of eNOS derived O2−

Endothelial cells expressing control virus or PTEN were incubated with 1-hydroxy-3-
methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine·HCl (CMH, 20µM, Alexis Biochemicals,
San Diego, CA) in DPBS along with 25 µM desferrioxamine (Calbiochem, La Jolla, CA)
and 5 µM diethyldithiocarbamate (Alexis Biochemicals, Lausen, Switzerland). Adherent
cells were detached, centrifuged at 500 g and the cell pellet was washed and suspended in a
final volume of 35 µl and loaded into a 50-µl capillary tube and analyzed with a MiniScope
MS200 EPR (Magnettech, Berlin, Germany) at a microwave power of 40 mW, modulation
amplitude of 3,000 mG, and modulation frequency of 100 kHz. EPR spectra were analyzed
using ANALYSIS software (version 2.02; Magnettech).

Statistical Analysis
NO release data are expressed as mean ± S.E.M. All analyses were performed using
GraphPad InStat© software (GraphPad Software, Inc.) and were made using a two-tailed
Student’s t-test. Differences were considered as significant at P < 0.05 (*).

Results
PTEN modulates eNOS activity

To examine the effect of PTEN on eNOS function, COS-7 cells were transfected with a
combination of bovine eNOS and either PTEN, PTEN(C124A) or β-galactosidase. NO
production was significantly reduced in cells expressing PTEN as opposed to those
expressing β-galactosidase (Figure 1a). Conversely, cells expressing the dominant negative
PTEN(C124A) showed greatly increased NO production compared to those expressing
eNOS and β-galactosidase. When lysates from cells expressing eNOS and either PTEN,
PTEN(C124A) or β-galactosidase were immunoblotted and probed with antibodies raised
against the putative eNOS phosphorylation sites, eNOS from cells co-expressing PTEN
showed decreased phosphorylation of the S116, T497, S617, S635 and S1179 residues when
compared to eNOS from cells co-expressing β-galactosidase (Figure 1b). In contrast, cells
expressing PTEN(C124A) showed increased phosphorylation of all sites except S116 and
S635 in comparison to eNOS from cells expressing β-galactosidase. The phosphorylation
state of Y83 was unaffected by PTEN (Figure 1c).

PTEN has no effect on an acylation-deficient eNOS construct
We have previously shown that a myristoylation-deficient eNOS construct (G2AeNOS) has
greatly reduced activity as a consequence of reduced phosphorylation compared to wild-type
eNOS (4). It was therefore of interest to determine if the activity of this largely
unphosphorylated G2AeNOS construct was affected by co-expression with PTEN. When
COS-7 cells were co-transfected with G2AeNOS and the PTEN constructs, neither PTEN
nor PTEN(C124A) affected basal (unstimulated) NO production (Figure 2a). In cells
exposed to ionomycin to stimulate calcium-dependent eNOS activity, PTEN induced
significant changes in the activity of both WT and G2AeNOS, however, the effects on the
latter were greatly diminished (Figure 2b).

A phospho-null eNOS mutant is also unaffected by PTEN
As the inability of PTEN to influence the activity of G2AeNOS suggested a prominent role
for eNOS phosphorylation in mediating the effect of PTEN on eNOS activity we then
examined the effect of PTEN on a phospho-null eNOS construct. We have previously
created a triple-mutant eNOS construct in which serines 617, 635 and 1179 were mutated to
alanine (3SAeNOS) to create a mutant which was phospho-null at these three resides and
showed greatly reduced activity (4). When COS-7 cells were co-transfected with 3SAeNOS
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and the PTEN constructs, neither active PTEN nor dominant negative PTEN(C124A)
affected NO production (Figure 3).

PTEN does not dephosphorylate eNOS directly
In order to rule out the possibility of a direct interaction between PTEN and eNOS, we
performed an in vitro phosphatase assay in which we separately isolated both eNOS and
either PTEN or PTEN(C124A) and then examined the ability of each construct to affect the
phosphorylation state of eNOS (as determined by phosphorylation of the S1179 site).
Neither PTEN nor PTEN(C124A) had any effect on the phosphorylation state of S1179,
although treatment with the alkaline phosphatase CIP almost completely abolished the
phosphorylation of the residue (Figure 4).

The 5-phosphatase SHIP2 also inhibits eNOS activity
To determine whether 5-phosphatases such as SHIP2 also inhibit eNOS activity, COS-7
cells were transfected with eNOS with and without SHIP2. Basal (Figure 5A) and
thapsigargin stimulated (Figure 5B) NO production was significantly reduced in cells
expressing SHIP2 as compared to those expressing the control plasmid β-galactosidase. Co-
expression of SHIP2 did not modify the level of eNOS expressed (Figure 5A, lower panel).

PTEN influences eNOS activity in human aortic endothelial cells
After demonstrating that PTEN decreases eNOS activity in COS-7 cells by altering the
phosphorylation state of the enzyme, we then sought to examine the effect of PTEN on
eNOS activity in a more relevant physiological setting. We therefore transduced HAECs
with GFP, PTEN or PTEN(C124A). Over-expression of PTEN significantly decreased NO
production over 24 hr in unstimulated HAECs as well as NO production by HAECs
stimulated with ionomycin (Figure 6A–B). Conversely, PTEN(C124A) significantly
increased NO production under the same treatment conditions.

When lysates from HAECs expressing GFP, PTEN or PTEN(C124A) were probed with
phospho-specific antibodies, eNOS from cells expressing PTEN showed a slight increase in
phosphorylation of S116 and T497, and a decrease in phosphorylation of S617, S635 and
S1179. eNOS from cells expressing PTEN(C124A) showed an increase in phosphorylation
of S116 and T497, and a slight increase in phosphorylation of S617, S635 and S1179
(Figure 6C).

PTEN does not modify eNOS-derived superoxide production in endothelial cells
To assess whether the ability of PTEN to modify NO release involves the generation of
reactive oxygen species such as superoxide, BAEC transduced with control adenovirus
(GFP) or PTEN and superoxide levels monitored by EPR. As shown in Figure 7, PTEN does
not modify the amount of superoxide generated in endothelial cells.

Discussion
PTEN (phosphatase and tensin homologue deleted on chromosome 10) has been implicated
in a number of cardiovascular pathologies, including cardiac hypertrophy, heart failure,
cardiac preconditioning and hypertension (26). Many of these effects on the cardiovascular
system involve modulation of NO production, yet the interaction between PTEN and eNOS
remains to be fully elucidated. While recent studies have provided evidence that PTEN
signaling plays a role in eNOS inhibition due to the actions of human cytomegalovirus (29),
palmitic acid (33) or resistin (28), the studies in question have primarily determined eNOS
activity by the measurement of a surrogate marker, the phosphorylation state of S1177 on
human eNOS (the residue corresponding to S1179 on bovine eNOS) and only one study (33)
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has attempted to directly measure eNOS activity by use of an L-[3H] arginine conversion in
cell lysates which has inherent limitations. To the best of our knowledge this study is the
first to comprehensively address the effect of PTEN on the multi-site phosphorylation of
eNOS, to establish the functional significance of phosphorylation and to measure NO release
from intact cells. In addition we show that the ability of PTEN to modulate eNOS activity is
not due to effects on superoxide production or direct de-phosphorylation.

The co-expression of PTEN and eNOS in COS-7 cells resulted in significantly less NO
production compared to cells expressing a control plasmid (β-galactosidase) and eNOS.
Furthermore, expression of the dominant negative mutant of PTEN, PTEN(C124A) greatly
increased the NO production when compared to control, suggesting that endogenous PTEN
is a significant restraint on eNOS activity. As PTEN directly opposes the actions of PI3-K
and therefore inhibits Akt/PKB, the effect of PTEN expression on the phosphorylation of all
putative eNOS regulatory sites was examined. PTEN expression resulted in a decrease in
phosphorylation of S116, T497, S617, S635 and S1179 while the dominant negative
PTEN(C124A) produced an increase in phosphorylation of all sites except S116 and S635.
There was no effect of PTEN on Y83 phosphorylation. The decrease in phosphorylation of
S617 and S1179 in response to co-expression with PTEN, and the increase in
phosphorylation of these sites when co-expressed with PTEN(C124A) could be predicted
due to their ability to be phosphorylated by Akt (13,23) and indeed, reduced phosphorylation
of S1179 due to PTEN has been previously reported (28,29,33). In contrast, the influence of
PTEN co-expression on the phosphorylation state of S116, T497 and S635 was unexpected,
as S635 is thought to be phosphorylated primarily via protein kinase A (PKA) (23), T497 is
thought to be phosphorylated primarily by protein kinase C (PKC) (8), and S116, while
being far less well characterized than the other two residues, has been reported to be
insensitive to PI3K inhibition (16).

One potential explanation for the decreased phosphorylation of T497 in response to PTEN
expression, and subsequent increased phosphorylation in response to PTEN(C124A)
expression, may be previous studies which have reported that the activity of PKC is
enhanced by the protein kinase PDK-1, which is in turn activated by PI3-K (7,18). Thus the
decrease in PI3-K activity due to PTEN expression would also have the downstream effect
of reducing PKC activity and reducing phosphorylation at T497, while the expression of
PTEN(C124A) would increase T497 phosphorylation. While PKC has been reported to be
involved in S116 phosphorylation (16), the same study also reported that PI3-K inhibition
with wortmannin had no effect on S116 phosphorylation. However the study of Kou et al.
was performed in bovine aortic endothelial cells whereas the present results were obtained in
COS-7 cells expressing eNOS. Therefore the possibility of different cell types utilizing
different signaling pathways cannot be discounted.

The decreased phosphorylation of S635 in response to PTEN expression, however, is
difficult to reconcile with the literature. Previous studies have reported that PI3K can
directly inhibit PKA (10,15). In this case, PTEN expression would be expected to inhibit
PI3K which would then have the effect of increasing PKA activity and S635
phosphorylation, the opposite of what was observed. Adding to the complexity of this
response is the lack of effect of PTEN(C124A) on phosphorylation state of S635. This may
indicate that although overexpression of PTEN exerts some effects on the phosphorylation
of this site, PTEN has no significant role in the phosphorylation of this site in the normal
physiological state, and thus the mechanisms behind the decreased phosphorylation of S635
in response to PTEN co-expression remain enigmatic.

The ability of PTEN to modulate the phosphorylation states of PI3-K-independent sites
raised the possibility that PTEN may act to directly dephosphorylate eNOS. We therefore
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performed an in vitro phosphatase assay using purified eNOS and PTEN. Neither PTEN nor
PTEN(C124A) was able to directly alter the phosphorylation state of eNOS, even though the
alkaline phosphatase, CIP almost abolished S1179 phosphorylation. These findings are
consistent with the poor efficacy of PTEN against protein substrates (25). Furthermore,
SHIP2, which dephosphorylates PtdIns(3,4,5)P3 at the 5 position, in contrast to the 3
position catalyzed by PTEN, also inhibited eNOS activity and lends further support to an
indirect action of PTEN on eNOS activity via the PI3K/Akt pathway.

As PTEN appeared to be exerting its effects on eNOS via modulation of enzyme
phosphorylation, we then sought to examine the effect of PTEN on G2AeNOS, a
myristoylation-deficient enzyme which has markedly reduced activity due to a lack of
phosphorylation (4). Neither PTEN nor PTEN(C124A) co-expression significantly altered
basal or unstimulated NO production by the G2AeNOS construct. This was most likely due
to the absence of phosphorylation on the G2AeNOS, effectively negating PTEN from
suppressing Akt-dependent phosphorylation. Next, we sought to further confirm that the
eNOS phosphorylation state plays a pivotal role in the interaction between PTEN and eNOS.
We have previously constructed an eNOS phosphonull mutant (3SAeNOS) in which S617
and S1179 (the two sites regulated primarily by Akt), as well as S635, have been mutated to
alanine to prevent phosphorylation (4). NO production by this 3SA mutant was completely
unaffected by co-expression of PTEN or PTEN(C124A), once more suggesting that it is
through modulation eNOS phosphorylation that PTEN exerts its effects on NO production.
Interestingly, although 3SAeNOS retains both S116 and T497, PTEN no longer had any
affect on eNOS function, suggesting that perhaps the changes in the phosphorylation state of
these sites by PTEN expression do not play a large functional role.

Decreased eNOS activity in cardiovascular disease is frequently attributed to increased
superoxide generation at the expense of nitric oxide synthesis in a process termed “eNOS
uncoupling” (9). Alterations in the phosphorylation state of eNOS have also been shown to
influence superoxide production (3,20) so therefore we investigated whether PTEN could
modify superoxide generation from eNOS. Despite significantly attenuating the
phosphorylation of S1179, PTEN did not modify superoxide production in endothelial cells.
However, this may be due to the ability of PTEN to reduce the phosphorylation of other
eNOS sites including T497 which could ameliorate the effects on S1179.

Finally, we sought to examine the interaction between PTEN and eNOS in a more
physiologically relevant context, human aortic endothelial cells (HAECs). Increased
expression of PTEN in HAECs significantly reduced NO production, and the expression of
PTEN(C124A) significantly increased NO production. These findings mirrored those
obtained in COS-7 cells and suggest that endogenous PTEN suppresses eNOS activity in
human endothelial cells. Likewise, PTEN decreased, and dominant negative PTEN(C124A)
increased the phosphorylation of eNOS at S615 and S1177 in HAECs (equivalent to S617
and S1179 on the bovine isoform).

Inhibition of PTEN provides protection against acute lung injury (ALI) (17,31). However,
the molecular target(s) of PTEN that afford protection in ALI are not yet established. eNOS-
derived NO is known to regulate microvascular and epithelial permeability (2,11) and
breakdown of the alveolar-capillary barrier underlies the pathogenesis of ALI(34). It is
therefore possible that PTEN by modulating eNOS activity could influence the amount of
NO produced and thus alter the changes in permeability seen in ALI.

In conclusion, the present study sought a detailed examination of the interaction between
PTEN and eNOS. We find that PTEN negatively regulates eNOS activity, primarily through
altering the phosphorylation state of S617 and S1179. Additionally, we show for the first
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time that there is no direct interaction between PTEN and eNOS, and confirm that PTEN
exerts its effects on eNOS via the PI3K/Akt pathway.
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Figure 1.
(A) NO release measured from cells expressing eNOS and either β-galactosidase, PTEN or
PTEN(C124A). COS-7 cells were transfected with the constructs indicated, and after 48 hr
were stimulated with ionomycin (1 µM, 30 min). Data are presented as mean ± S.E.M. for 5
experiments (*, P<0.05 versus NO production in cells expressing eNOS and β-galactosidase,
unpaired t-test). (B) Immuno-blot of eNOS phosphorylation sites. COS-7 cells were
transfected with the above constructs, and 48 hr later cells were lysed, run on SDS-PAGE,
immunoblotted and then probed with phospho-specific antibodies (upper panel) to the
residues listed versus total eNOS (lower panel). (C) Immunoblot of Y83 phosphorylated
eNOS (upper panel) versus total eNOS (lower panel)
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Figure 2.
NO release measured from cells expressing either eNOS or G2AeNOS, and co-expressing
either β-galactosidase, PTEN or PTEN(C124A). COS-7 cells were transfected with the
constructs indicated 48 hr before the experiment. Samples were taken immediately
preceeding the experiment to measure release from the previous 24 hr (A), after 30 min of
basal release, and after 30 minutes of stimulation with 1 µM ionomycin (B). Data are
presented as mean ± S.E.M. for 5 experiments (*, P<0.05 versus NO production in cells
expressing eNOS and β-galactosidase, unpaired t-test). After transfection with the above
constructs cells were lysed, run on SDS-PAGE, immunoblotted and probed with the
antibodies shown.
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Figure 3.
NO release measured from cells expressing 3SAeNOS and either β-galactosidase, PTEN or
PTEN(C124A). COS-7 cells were transfected with the constructs indicated, and after 48 hr
were stimulated with ionomycin (1 µM, 30 min). Data are presented as mean ± S.E.M. for 6
experiments (*, P<0.05 versus NO production in cells expressing eNOS and β-galactosidase,
unpaired t-test). After transfection with the above constructs cells were lysed, run on SDS-
PAGE, immunoblotted and probed with the antibodies shown.
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Figure 4.
Immunoblot of eNOS after in vitro phosphatase assay. COS-7 cells were transfected with
the constructs shown and 48hrs later cells were lysed. eNOS was isolated using 2,5-ADP-
sepharose beads, and GFP, PTEN or PTEN(C124A) were immunoprecipitated by virtue of
their GFP tag. eNOS beads were then mixed with either the immunoprecipitated proteins or
the alkaline phosphatase CIP as a positive control in vitro for 30 min at 37°C. Reactions
were terminated by boiling in SDS sample buffer, run on SDS-PAGE, immunoblotted and
then probed with antibody for either phospho-S1179 or total eNOS.
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Figure 5.
NO release measured from cells expressing eNOS with and without SHIP2. COS-7 cells
were transfected with the constructs indicated, and after 48 hr were stimulated with
thapsigargin (100nM, 30 min). Data are presented as mean ± S.E.M. for 6–8 experiments (*,
P<0.05 versus NO production in cells expressing eNOS and β-galactosidase, unpaired t-
test).
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Figure 6.
NO release measured from HAECs transduced with GFP, PTEN or PTEN(C124A). Cells
were transfected with the constructs indicated 24 hr before the experiment. Samples were
taken immediately prior to the experiment in order to measure NO release from the previous
24 hr (A) and after 30 minutes of stimulation with 1 µM ionomycin (B). Data are presented
as mean ± S.E.M. for 6 experiments (*, P<0.05 versus NO production in cells expressing
GFP, unpaired t-test). (C) Immuno-blot of eNOS phosphorylation sites. HAECs were
transduced with the above constructs, and 24 hr later cells were lysed, run on SDS-PAGE,
immunoblotted and then probed with phospho-specific antibodies listed.
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Figure 7.
eNOS-dependent superoxide production was estimated in endothelial cells transduced with
control (GFP) or PTEN adenovirus by electron paramagnetic resonance (EPR) assay using
the spin-trap compound 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine·HCl
(CMH), n=4.
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