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Abstract Endothelial lipase (EL) is a major negative regu-
lator of plasma HDL levels in mice, rabbits, and most prob-
ably, humans. Although this regulatory function is critically
dependent on EL’s hydrolysis of HDL phospholipids, as yet
there is no phospholipase assay specific for EL in plasma.
We developed such an assay for the mouse enzyme using a
commercially available phospholipid-like fluorescent sub-
strate in combination with an EL neutralizing antibody. The
specificity of the assay was established using EL knockout
mice and its utility demonstrated by detection of an increase
in plasma EL phospholipase activity following exposure
of wild-type mice to lipopolysaccharide.li The assay re-
vealed that murine pre-heparin plasma does not contain
measurable EL activity, indicating that the hydrolysis of
HDL phospholipids by EL in vivo likely occurs on the cell
surface.—Basu, D., X. Lei, J. Josekutty, M. M. Hussain, and
W. Jin. Measurement of the phospholipase activity of en-
dothelial lipase in mouse plasma. J. Lipid Res. 2013. 54:
282-289.
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Endothelial lipase (EL), which hydrolyzes HDL phos-
pholipids and thus promotes the catabolism of HDL via
scavenger receptor class B member 1 (1), is one of the
major determinants of plasma HDL cholesterol (HDL-c)
and apo A-I concentrations in mice (2—4) and rabbits (5).
EL lowers HDL-c levels by hydrolyzing HDIL-associated
phospholipids (3). In humans, genome wide association
studies have revealed that a common EL variant at the
LIPG locus is significantly associated with plasma HDL-c
levels as are several other EL gene polymorphisms (6-12).
These observations indicate that EL also regulates HDL-c
levels in humans. Furthermore, EL is upregulated in in-
flammatory states in humans, including atherosclerosis
and metabolic syndrome (13, 14), and likely contributes
to the low HDL-c levels seen in these conditions. Thus, EL.
is an attractive target for the development of inhibitors
that would raise HDL-c levels.
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In evaluating plasma EL function, measurement of EL
enzymatic activity is more informative than quantification
of EL concentration by immunoassay because the latter
does not differentiate between active noncovalent homodi-
mer and inactive monomer (15), active full-length enzyme
and inactive proteolytically cleaved enzyme (16, 17), and
the presence or absence of the endogenous plasma inhibi-
tor of EL, angiopoietin-like protein-3 (17, 18).

Since the discovery of EL in 1999 (19, 20), substantial
efforts have been devoted to developing an EL phospholi-
pase Al assay. Of those currently used, the nonradiola-
beled assays (21-23) are suitable for screening inhibitors
of EL in the test tube. However, there is no published data
regarding their use for assaying EL in plasma. Radiometric
assays using 3H—trioleoyl glycerol or "Clabeled phosphati-
dylcholine as substrates in emulsions have been extensively
used for determining plasma EL activity and studying EL
biology (24). These assays, which require separation of the
released labeled fatty acids, are time consuming and have
a low throughput. Furthermore, they are not specific for
EL due to the presence in plasma of HL and LPL. All three
lipases belong to the triacylglycerol (TG) lipase family and
can hydrolyze both TGs and phospholipids although with
very different preferences for the two types of substrates
(25, 26). For these reasons, there is a need for an easy-to-
use assay specific for plasma EL activity. Of note, the major
activity of purified EL in the test tube against substrates in
emulsions is as a phospholipase Al (PLA1) (23). This ac-
tivity is much greater than its activity against the TGs in
emulsions. Therefore, a phospholipase Al assay for EL act-
ing in plasma (i.e., not purified) will be more sensitive
than a TG lipase assay.

Here, we describe development of a novel homogeneous
PLAI assay for plasma EL, which employs a commercially-
available fluorogenic phospholipid analog, the PED-Al
substrate. The changes in both EL protein levels and PLA1
activity in plasma, with time after heparin injection, were
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studied. In combination with use of an EL neutralizing an-
tibody, the EL PLA1 activities of mouse postheparin plasma
were compared under physiological conditions and in a li-
popolysaccharide (LPS)-induced inflammatory state.

MATERIALS AND METHODS

Materials and reagents

The EnzChek Phospholipase Al Assay Kit containing the
PED-A1 substrate and the fluorescent standard 4,4-Difluoro-5,7-
Dimethyl-4-Bora-3a,4a-Diaza-s-Indacene-3-Pentanoic Acid, ab-
breviated BODIPY-C5) were purchased from Invitrogen. The
liposomes, which were prepared according to the Kkit’s instruc-
tions, contained dioleoylphosphatidylcholine:dioleoylphosphati
dylglycerol:PED-A1 in the ratio 5:5:1. The liposomes were stable
for at least 3 months. Other reagents, including heparin (Cat.
No. H-1027) and LPS (Cat. No. L4391), were obtained from Sig-
ma-Aldrich, St. Louis, MO unless otherwise stated. Precast 4-20%
polyacrylamide gels were obtained from Pierce (Rockford, IL).
The anti-EL polyclonal and control antibodies were generated
and IgG was purified using a protein A affinity column as previ-
ously reported (3).

PLAI assay

A typical assay was carried out at 37°C for 30 min in a 96-well
round bottom clear plate (Costar) with 0.5 pl of mouse plasma or
indicated amounts of a stated enzyme and 16 wm PED-A1, which was
cither formulated in liposomes with the total assay volume adjusted
to 100 pl with water or solubilized in DMSO to a total assay volume
of 100 pl. The Spectramax M2 plate reader from MDS Analytical
Technologies was used for fluorescent measurements. The software
Softmax Pro 5 was used for data collection and analysis. The maxi-
mum excitation/emission wavelengths for PED-A1 were determined
to be 485/538 nm with a 515 nm filter cutoff. The upper and lower
detection limits for BODIPY-C) using this assay and instrument are
2.4 pmole/well and 0.1 pmole/well, respectively.

EL PLALI activity

PLALT activity was measured using 0.5 pl of plasma incubated
with control IgG antibody (final concentration 30 wg/ml) or
anti-EL inhibitory antibody (final concentration 30 pwg/ml) for
5 min on ice prior to the PLA1 assay. At this concentration, the
neutralizing antibody showed saturation. The EL PLA1 activity
was calculated as the difference between the two measurements.

TLC

Plasma samples (1 wl) or 1 unit of snake venom PLA1 enzyme
were incubated with liposomes for 30 min at 37°C and lipids were
extracted using a total volume of 750 pl of chloroform and meth-
anol (2:1), dried down and dissolved in 50 pl of chloroform.
Samples were run on a silica gel plate for 10 min with a solvent
system comprising chloroform: methanol:20% ammonium hy-
droxide in the ratio 14:6:1. Fluorescent bands on the plate were
detected using a DyNA Light™ UV transilluminator (302 nm,
Fisher Scientific, Pittsburgh, PA).

Adenoviruses

A recombinant adenoviral vector expressing murine EL and a
control adenovirus expressing green fluorescent protein (Ad-GFP)
were prepared as described previously (3).

Animal experiments

Age- and gender-matched C57BL/6 mice were used for
the following experiments. All procedures were conducted in

conformity with the US Public Health Service Policy on Humane
Care and Use of Laboratory Animals and approved by the Institu-
tional Animal Care and Use Committee of the State University of
New York Downstate Medical Center. Adenovirus was adminis-
tered intravenously (iv) at a dose of 10" viral particles diluted in
PBS on day 0 of the each experiment. The plasma collected
5 min after iv heparin administration on day 3 posttransduction
with adenoviral vector expressing murine EL is referred to as “EL
plasma” (see Results). The EL plasma had a stable EL activity for
at least 1 year when stored at —70°C.

For murine EL overexpression studies, mice were prebled,
heparin was injected iv at 300 units heparin/kg body weight and
the mice were bled again at indicated intervals. For LPS studies,
20 pg (1 mg/kg of body weight) of LPS or PBS were injected per
mouse intraperitoneally (ip) and postheparin plasma was ob-
tained after 16 h.

Mouse plasma

Blood was drawn in heparinized microcapillary tubes from the
retro-orbital plexus at indicated time points before and after iv or
ip injection of 300 units heparin/kg body weight. Blood was cen-
trifuged at 10,000 g for 10 min at 4°C and plasma was separated
and used for the analysis and/or stored at —70°C. Pre- and post-
heparin plasma from EL knockout mice were kindly provided by
Dr. Daniel J. Rader, University of Pennsylvania.

Western blotting

SDS-PAGE and immunoblotting analysis of murine EL were
carried out as described previously (16). One microliter of mouse
plasmawasadded tosampleloading bufferand -mercaptoethanol
and held at 70°C for 10 min before electrophoresis. The ant-EL
serum was used at 1:2500 dilution, the secondary HRP-conju-
gated goat anti-rabbit IgG (Jackson Immunoresearch) at 1:5000
dilution, and detection was carried out using the SuperSignal
West Pico Chemiluminescent Substrate (Pierce).

Data analysis

The relative fluorescence intensity of the unquenched
BODIPY-C5 fatty acid standard was used to calculate the initial veloc-
ity of enzymatic reactions producing this molecule as nmole/
min/ml plasma. The initial velocities were calculated based on
the linear increase in product over the time in this PLAI assay,
usually 0-15 min at the 16 pM of PED-AI substrate concentra-
tion. The rate of hydrolysis as determined from the continuous
increase in fluorescence intensity was equal to the rate of separa-
tion of the sn-1 fatty acid product from the PED-Al substrate.
Rates were presented as the mean + SD of three determinations.
The results from two sets of conditions were analyzed by either
paired or unpaired Student’s ttests; P< (.05 was considered to be
statistically significant.

RESULTS

Optimizing conditions for the use of the PED-A1
substrate in the assay of EL in plasma

A new fluorogenic phospholipid substrate, PED-A1 (In-
vitrogen), was recently reported for the measurement of
the PLAI activity of purified EL, or of EL in conditioned
medium (23). The glycerophosphoethanolamine sub-
strate has a BODIPY fluor added at the sn-1 position, an
alkyl chain with an ether bond that is resistant to esterase
activity at the sn-2 position and a quencher, Dabcyl, at the
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sn-3 position (23). Itis thus a PLAl-specific substrate, pro-
ducing a continuous fluorescence increase as the modi-
fied fatty acid at the sn-1 position is separated from the
quencher at sn-3 position (23). The published PED-A1 as-
say cannot measure EL activity in the presence of plasma
(23). We hypothesized that proper presentation of the
PED-Alsubstrate to the EL enzyme is required for deter-
mining EL activity in the mouse plasma.

Because the active dimer of EL is attached to the en-
dothelial cell surface via reversible binding to heparan sul-
fate proteoglycans (27), a bolus of heparin administered
intravenously was used to release EL into the plasma com-
partment; this method is routine for LPL and HL activity
measurements (28). The 5 min postheparin plasma from
murine EL-overexpressing mice (referred to as EL plasma)
was collected and used for optimization of assay condi-
tions. The presence of elevated full-length murine EL pro-
tein in the EL plasma was confirmed by Western blotting
using an antibody specific for murine EL (Fig. 1A). In a
TG assay (29), the EL plasma had higher activity than wild-
type (WT) postheparin plasma (51 = 0.5 versus 25 + 0.3
pmole/min/ml plasma), confirming the presence of ac-
tive EL in the EL plasma.

PED-A1 and its fluorescent hydrolysis product were sep-
arated by TLC and visualized using a UV transilluminator
(Fig. 1B). The intact substrate is shown in lane 1. When
hydrolyzed by a positive control enzyme, commercially
available snake venom PLLA1, most of the PED-A1 substrate
was converted to a slower moving band (Lane 5), the loca-
tion of which matches that of the sn-1 BODIPY fatty acid
standard (lane 2). Postheparin EL plasma also acted on
the substrate to generate a product at this location (lane 4).
Thus, EL plasma contains a PLAI activity, which hydrolyzes
the PED-AI substrate.

Because EL acts at the water/lipoprotein surface of
HDL, we reasoned that presenting the PED-A1 substrate
incorporated into liposomes would mimic the phospho-
lipid presentation in HDL particles. The ability of EL in
the EL plasma to hydrolyze PED-Al was compared in two
conditions: in the presence of DMSO, used in test tube as-
says by Darrow et al. (23), and in a liposome format. As
shown in Fig. 1C, the EL plasma hydrolyzed PED-A1 with a
greater initial velocity and a linear response that extended
over a longer time in liposomes than in DMSO, indicating
that PED-A1 is a better substrate presented in liposomes.
PED-A1 formulated in liposomes was used in all subse-
quent assays.

To characterize the EL activity with the PED-Al sub-
strate, initial velocity was determined using a fixed amount
of EL plasma (0.01 pl per well) and increasing amounts of
PED-A1 (Fig. 1D). The rates were proportional to sub-
strate concentration under the conditions used. No ap-
preciable PLAI activity was detected using the same
amount (0.01 pl) of postheparin plasma from control WT
mice, indicating that endogenous PLA1 activity is very low
compared with that of overexpressed EL. The intra-assay
coefficiency variation was 4.7%.

To determine the upper limit of the enzyme concen-
tration range where the initial rate was proportional to
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enzyme concentration, initial velocity was determined us-
ing 16 uM PED-Al and increasing amounts of the EL
plasma (Fig. 1E). With this substrate concentration, in-
crease in the initial velocity was linear to 0.04 pl of EL
plasma per 100 pl assay solution (Fig. 1E).

An early report noted that the fluorescent phospholipid
analog PED6 was a poor substrate for EL in the test tube
(23). Consistent with this, EL plasma showed much less
activity with this analog, whether or not it was presented in
the liposome format (Fig. 1F). Thus, of the two substrates,
PED-A1 is preferred for assaying mouse plasma EL enzy-
matic activity. It has the additional advantage that it does
not allow complications from the hydrolytic activity of
plasma PLA2 enzymes (30).

Use of the assay to study the fate of EL in mouse plasma
after heparin administration

The same mouse EL overexpression system was used to
study the fate of EL released into the bloodstream by hepa-
rin. There was no difference in PLAI activity in the pre-
heparin plasma samples from control mice and in mice
where EL was overexpressed in the liver by adenoviral-me-
diated transduction (2.1 vs. 2.2 nmole/min/ml, P> 0.05).
This was the case despite Western blotting detection of a
doublet of 40 kDa bands from the cleaved N-terminal re-
gion of the EL protein in pre-heparin plasma of EL-trans-
duced mice that is missing in mice transduced with GFP
(Fig. 2A, compare lanes 1 and 2). Therefore, very little ac-
tive EL is released into the plasma in this model in the
absence of heparin and the N-terminal domain is not ac-
tive in vivo.

Five minutes after the heparin injection, the EL activity
in the plasma of EL-transduced mice increased to 4.7-fold
the pre-heparin level. This activity then slowly decreased
and was still above baseline level 30 min after injection
(Fig. 2B). The amount of the full-length EL protein in
these mice increased and decreased in parallel (Fig. 2A).

Ip heparin administration is much easier than iv injec-
tion in mice and has been used to release endothelial
bound lipases (31). We therefore compared its effective-
ness to that of iv injection. Plasma EL activity increased
more slowly, to 2.9-fold the basal level, at 30 min after ip
administration, and remained above baseline level at
60 min (Fig. 2D). As with the iv injections, plasma changes
in EL full-length protein amounts followed changes in
activity (Fig. 2C).

Of note, in both Fig. 2A and C, immediately after hepa-
rin administration, compared with pre-heparin samples,
there were visible increased amounts of the closely-spaced
N-terminal domain cleavage products of EL, indicating a
rapid cleavage of the full-length EL once released by hepa-
rin into the plasma. This is in agreement with our previous
observation that EL is cleaved in the extracellular com-
partment (16).

In summary, these data confirm that iv injection of
heparin is more effective in releasing EL from the cell
surface than ip injection and that plasma collected at
5 min after iv heparin injection contains the highest EL.
activity.
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Fig. 1. Characterization of the PLA1 activity of EL in EL plasma with the fluorescent PED-A1 substrate: A:
Immunoblot of mouse EL in EL plasma. B: A thin-layer chromatogram showing: lane 1, PED-A1 in lipo-
somes; lane 2,the BODIPY-C5 standard; lane 3, PED-Al in liposomes incubated with PBS as control for
samples in lanes 4 and 5; lane 4, PED-AI in liposomes hydrolyzed by post-heparin EL plasma; lane 5, PED-A1
in liposomes hydrolyzed by snake venom PLAI. C: Fluorescence increase with time was determined using a
fixed amount of EL plasma (0.01 wl/well) with the substrate (16 uM) dissolved either directly in DMSO or
presented in liposomes. The fluorescence at each point was converted to nmole fatty acids released /100 p.l
assay solution and expressed as the value that would be obtained if 1 pl of plasma was added to the assay. The
error bars were too small to be seen. D: Initial rates of increase (initial velocity) obtained as in (C) using the
liposome format were measured with increasing concentrations of the PED-Al substrate. E: Velocities
(nmole/min/100 pl assay solution) using the liposome format were obtained with increasing amounts of EL
plasma. The error bars were too small to be seen. F: The phospholipase activity of EL in EL plasma with the
fluorescent PED6 or PED-A1 substrate. Initial velocities were obtained using a fixed amount of EL plasma
(0.01 pl/well) with the substrates (16 pM) dissolved either directly in DMSO or presented in liposomes.
* P < 0.05 compared with PED-A1 liposome. In each figure each data point is the mean + SD of triplicate
determinations.

The endogenous EL activity in the postheparin plasma
of WT mice

We carried out experiments in WT mice similar to those
described above in EL-overexpressing mice to study to-
tal endogenous postheparin PLAI activity (Fig. 3A, B).

Significantly higher total PLA1 activity was observed in
post-heparin relative to pre-heparin WT plasma after
either intravenous or intraperitoneal heparin injection.
The latter approach, using 30 min post-heparin plasma,
yielded a smaller increase in PLA1 activity compared with

Mouse plasma endothelial phospholipase activity 285



N
S
&

1S EL overexpression

> -

Full Length =¥

Anti-EL

[terminus |

Lane 1(12( 3 4 5 6
30

Time (min) o[ 5

Heparin Time Course (i.v.)

PLA1 initial velocity
(% of 0 time point)
S

10 20 30
Time (min)

Full Length |=»

EL overexpression
”.
- - ol

Anti-EL

[Aterminus |

Lane 1 2 13| 4 5 6
Time (min) | 0 10(15 | 30 | 60
Heparin Time Course (i.p.)
400+
€€
% '2 3004 p - _;
> @
£ 200
£3
E =3
3 = 1004
0 T T )
0 20 40 60

Time (min)

Fig. 2. Evaluation of EL activity and EL protein/fragments in plasma following heparin administration by different routes. A: Immunob-
lot of EL protein/fragments using the anti-EL antibody in plasma samples (1 pl/lane) taken at increasing times after iv administration of
heparin (control pre-heparin plasma was obtained from mice transduced with the Ad-GFP virus). The EL-positive bands between the full-
length protein and the N-terminus likely represent intermediates in EL degradation. B: PLALI activity using the PED-A1 substrate in plasma
samples (0.01 pl/well) collected at the indicated time points after injection of heparin intravenously. C: Immunoblot of EL protein/
fragments in plasma samples (1 pl/lane) taken at increasing times after ip administration of heparin. D: PLAI activity in plasma samples
(0.01 pl/well) taken at the indicated times after ip injection of heparin. The PLA1 activity at 0 time point was 6.1 + 0.26 nmole of fatty acid
released/min/ml. Each data point is the mean + SD of triplicate repeats on four animals.* P< 0.05.

iv injection using 5 min post-heparin plasma (Fig. 3A, B;
15% versus 30%). Thus, endogenous EL behaves similarly
to ectopic EL in its response to these two methods of hepa-
rin administration. The intra-assay coefficiency variation
was 4.0%.

Because active EL is released from the cell surface into
the blood stream upon heparin treatment, we hypothe-
sized that EL. would be the major contributor to the differ-
ence in pre- and post-heparin total PLA1 activities that is
apparent in Fig. 3A. To test this, the pre- and post-heparin
plasma samples from EL knockout (KO) mice were col-
lected and the total PLAI activities measured. In support
of this hypothesis, there was no significant difference in
plasma PLA1 activity between the pre- and post-heparin
plasma samples from EL KO mice (Fig. 3C).

Extending the assay for use in post-heparin plasma

To separate the EL PLA1 activity from the total PLAl
activity in a post-heparin plasma sample, an EL neutraliz-
ing antibody was added to post-heparin plasma prior to
the assay to inhibit plasma EL activity (3). There was sig-
nificant inhibition of post-heparin PLAI activity using the
neutralizing antibody compared with the activity using a
control antibody (n =5, P< 0.05, Fig. 4A), establishing the
ability of the neutralizing antibody to inhibit EL phospho-
lipase Al activity in postheparin plasma samples. No EL

286 Journal of Lipid Research Volume 54, 2013

PLAT activity was detected in the pre-heparin plasma when
the results with the two antibodies were compared (2.24 +
0.11 vs. 2.28 + 0.09 nmol/min/ml plasma), confirming
that active endogenous EL is not present in the pre-hepa-
rin plasma. The antibody did not inhibit PLA1 activity in
the post-heparin plasma samples from EL KO mice (Fig. 4B),
validating the specificity of the anti-EL antibody.

Thus, measurement of the specific phospholipase activity
of endogenous EL in mouse plasma following heparin treat-
ment can be accomplished using a PLA1 assay with the sub-
strate PED-Al incorporated into liposomes and the assay
carried out on a single post-heparin plasma sample in the
presence and absence of the EL-neutralizing antibody.

LPS treatment and EL activity

Acute inflammation induced by LPS has been shown to
increase EL mRNA and protein expression in various tis-
sues in culture, including macrophages and endothelial
cells from humans and mice (32, 33). We hypothesized
that LPS treatment in vivo in mice would increase post-
heparin plasma EL activity. We found, using the single
post-heparin sample PLAI assay with the neutralizing anti-
body, that overnight treatment of mice with LPS increased
post-heparin EL activity about 2.0-fold (Fig. 5). This result
supports a role for EL in the regulation of plasma HDL
levels during the acute phase response (34).
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activity was measured as described in Material and Methods. A: Plasma from WT mice was collected 5 min
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injection of heparin. C: Plasma of EL KO mice was collected 5 min after iv injection of heparin. Values are
mean + SD of determinations on five animals. * P< 0.05. N.S., not significant.

DISCUSSION

Using a newly described phospholipid-like fluorescent sub-
strate in combination with an EL neutralizing antibody, we
determined EL PLALI activity in the postheparin plasma of
mice. The specificity of this approach was validated using
post-heparin samples from EL KO mice. The ability of the
assay to measure plasma EL activity was demonstrated in mea-
surements on plasma from WT mice treated with LPS, known
to induce EL expression in endothelial cells, macrophages,
and a variety of tissues. In addition, using the pre- and post-
heparin samples approach, we provided a dynamic view of
the turnover of EL in plasma after heparin treatment.

We found that pre-heparin plasma does not contain
measurable EL activity, a property also exhibited by LPL
(28). The absence of pre-heparin plasma EL activity could
be due to the relatively high affinity of EL for heparan sul-
fate proteoglycans, fast inactivation of any released enzyme
by proteolytical cleavage, and/or inhibition of activity by
the inhibitor angiopoietin-like protein-3. Because there is
no active ELL enzyme in the nonheparinized plasma, the
hydrolysis of HDL phospholipids by EL in vivo likely oc-
curs on the cell surface in a manner similar to the inter-
action between LPL and TG-rich particles. This local
interaction of EL. and HDL may affect local cellular choles-
terol and fatty acid uptake as well as signal transduction
through peroxisome proliferator-activated receptors (35).

In contrast to our previous report that EL does not sig-
nificantly contribute to the TG lipase activity present in
the post-heparin plasma (29), despite exhibiting a low
level of TG lipase activity when the purified enzyme is

assayed in the test tube (much lower than an equivalent
amount of LPL), our data (Fig. 4) demonstrate that EL
does contribute to the significant PLAI activity present in
the post-heparin plasma. This provides direct evidence
that EL in vivo functions as a phospholipase. The result is
consistent with the elevated levels of plasma phospholipids
but not plasma TGs in EL KO mice compared with WT
controls (2, 4). Thus, in combination with use of the TG
lipase assay (29), we are able to differentiate among the
enzymatic activities of HL, EL, and LPL in post-heparin
plasma of mice.

As indicated above, the increase in PLAI activity in post-
heparin versus pre-heparin plasma is most likely due to the
release of active EL from the cell surface (Fig. 4). How-
ever, we still do not know which enzyme(s) besides HL are
responsible for the PLAI activity in the preheparin sam-
ples. This “pre-existing” PLAI activity could be altered
when heparin is added. For example, ANGPTL3 is re-
leased from the cell surface into plasma by heparin (36),
and it is an endogenous inhibitor of HL (37). Also, addi-
tional HL is released by heparin in mice (38). Therefore,
plasma EL activity cannot be reliably measured by calculat-
ing the difference between post- and pre-heparin activities
(data not shown). Instead, comparison of the PLAI activi-
ties of a single post-heparin plasma sample, which is pre-
treated with control antibody or anti-EL antibody, avoiding
interference by HL and possibly other factors, is the pre-
ferred method of assessing plasma EL activity.

We recognize that our current assay has some limita-
tions. The performance of the assay could be improved by
increasing the substrate concentration. The assay can be
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ize human EL activity. To differentiate EL phospholipase
activity from that of other phospholipases in human pos-

EL activity
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Fig. 5. Plasma EL PLAI activity in WT mice 16 h after LPS or PBS
treatment. EL PLAT activity was measured using 0.5 ul of post-hep-
arin plasma. EL activity was calculated as the difference in the PLA1
activities of post-heparin plasma sample preincubated with either
control IgG or with anti-EL IgG and expressed as a percentage of
the activity measured for the PBS group. Values are mean + SD of
measurements on five animals.* P < 0.05.
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theparin plasma, we are developing a neutralizing anti-
body for human EL activity.

The experiments showing the changes in the protein
and PLAI activity of EL in plasma with time following re-
lease by heparin provided a snapshot of global EL activity
but did not give information regarding tissue or cellular
levels. Because the BODIPY labeled fatty acid, after lipase-
mediated hydrolysis of the PED-AI substrate, can enter
cells and be incorporated into cellular lipids, the self-
quenched PED-A1 substrate has been used for monitoring
EL-mediated fatty acid uptake in cell culture (23). We plan
to investigate whether PED-AT can be used as a functional
probe for tissue EL activity in vivo.

In summary, we have developed a homogeneous PLAI
assay employing the EL-neutralizing antibody for the de-
termination of murine post-heparin plasma EL PLA1 activ-
ity. This is the first such assay that is effective for EL in
plasma. Armed with this assay, researchers will be able to
screen for the efficacy of new potential inhibitors of EL in
mice and study proteins with EL-regulating properties.

We are indebted to Ms. Afroza Huq for her excellent technical
assistance and thank Drs. Julie Rushbrook and Daniel J. Rader
for their critical reading and comments.
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