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ABSTRACT. The enzyme phospholipase A, (PLA,), which catalyzes the hydrolysis of an ester bond at the sn-2
position of 1,2-sn-diacylglycerols, has been suggested to play an important role in regulating cellular functions.
Although ethanol (EtOH)-induced activation of PLA, activity was reported previously by us in mouse brain
{Hungund et al., Neurochem Int 25: 321-325, 1994), its subcellular localization and biochemical properties have
not been investigated. Therefore, in the present study, we examined the subcellular localization and
characterization of EtOH-activated PLA, activity in mouse brain. The results indicated that EtOH treatment
decreased the specific activity of PLA, for the first 48 hr, and then the activity increased and reached a peak level
in both cytosol (1.6-fold) and membrane (1.7-fold) fractions at 96 hr of exposure. Specific activity was found to
be higher in the membrane fraction than in the cytosol. Using differential density gradient centrifugation,
subcellular localization of the membrane-associated PLA, revealed that most of the EtOH-activated PLA,
specific activity was associated with the synaptic membrane (44%) followed by the nuclear membrane (13%).
No significant increase in the PLA, specific activity of mitochondrial and microsomal membranes was observed.
No activity was detected in the myelin membrane. PLA, specific activity of membranes from control and
EtOH-exposed mouse brain exhibited preference for arachidonic acid over linoleic acid at the sn-2 position of
glycero-3-phosphocholine (PC). No detectable PLA, specific activity was found when PC containing oleic acid
at the sn-2 position was used as a substrate. The present results also indicated that the PLA, specific activity of
membrane from control and EtOH-exposed mouse brain was insensitive to dithiothreitol, strongly stimulated by
Ca’*, enhanced by glycerol, and inhibited by the cytosolic PLA, (cPLA,) inhibitor methyl arachidonyl
fluorophosphonate with an ICs value of 3.33 pM. In summary, results suggest that the properties of
EtOH-activated PLA,; activity found in mouse brain membrane fraction are similar to those of cPLA, found in
variety of cells, including mammalian brain. BIOCHEM PHARMACOL 55;4:515-521, 1998. © 1998 Elsevier
Science Inc.
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Chronic EtOH§ has been shown to produce alterations in
neuronal plasma membrane function [1-6]. However, the
molecular mechanisms that underlie these effects have not
been identified. There is overwhelming evidence that
EtOH exerts its pharmacological effects by modulating the
function of many components of intracellular signal trans-
duction pathways [7-9], in addition to its action on fatty
acyl composition of cell membrane phospholipids [10, 11].
PLA, (EC 3.1.1.4), an enzyme that hydrolyzes the sn-2 fatty
acyl ester bond of phosphoglycerides, has been shown to be
involved in the regulation of phospholipid acyl turnover for
membrane repair or the production of inflammatory lipid
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mediators [12]. Mammalian cells contain structurally di-
verse forms of PLA, including sPLA; (14 kDa), cPLA, (85
kDa) and cytosolic iPLA; [13-15]. cPLA,, which preferen-
tially hydrolyzes sn-2 arachidonic acid, shares no homology
with other PLA, enzymes. Although sPLA, and iPLA,
enzymes do not exhibit acyl chain specificity, they can also
mediate arachidonic acid release, depending on the cell
type and agonist involved [12]. EtOH-induced release of
arachidonic acid and its metabolites is implicated to play a
significant role in the mediation of important cellular
events, including signal transduction [16]. PLA, has been
shown to increase by EtOH treatment in in vivo [17, 18] and
in vitro [19] systems, and in chick embryo [20] and in mouse
peritoneal macrophage [21] models. This increase in PLA,
activity has been suggested to reduce the proportion of
unsaturated acyl composition of selected membrane phos-
pholipids and thus influence the development of resistance
to the disordering effects of EtOH [13, 14]. The presence of
diverse PLA, enzymes in mammalian cells makes it difficult
to understand the role of each of these enzymes in the
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important processes of fatty acid turnover in EtOH toler-
ance and dependence. Hence, the present study was under-
taken to characterize and determine the subcellular local-
ization and the type of PLA; involved in the chronic effects
of EtOH, using a mouse inhalation model [18, 22, 23]. The
results of this study suggest that chronic EtOH exposure
specifically activated Ca’*-dependent, DTT-insensitive
PLA, enzyme, which hydrolyzes sn-2-arachidonic acid from
sn-glycero-3-phosphocholine preferentially compared with
2-linoleoyl or oleoyl-sn-glycero-3-phosphocholine. The
majority of the arachidonic acid specific PLA; specific
activity was associated with the synaptic membrane frac-
tion.

MATERIALS AND METHODS

Male Swiss—Webster mice (25-30 g, 6 to 8-weeks-old) were
purchased from Taconic Farms. ¢PLA, inhibitor (MAFP)
was purchased from Cayman Chemicals. HPTLC plates
were from VWR Scientific. Liquid scintillation fluid was
obtained from National Diagnostics. Unlabeled phospho-
lipids and fatty acids were purchased from Avanti Polar
Lipids. All radiolabeled phospholipids [1-palmitoyl-2-
[1-1*Clarachidonyl-sn-glycero-3-phosphocholine (55 mCi/
mmol), 1-palmitoyl-2-[1-'*Cllinoleoyl-sn-glycero-3-phospho-
choline (55 mCi/mmol), and 1-palmitoyl-2-[1-"*Cloleoyl-sn-
glycero-3-phosphocholine (55 mCi/mmol)] were purchased
from American Radiolabeled Chemicals Inc. All other chem-
icals were obtained from the Sigma Chemical Co.

Animals and EtOH Administration

Animals were exposed chronically to EtOH by an inhala-
tion procedure for periods of up to 4 days {18, 22, 23]. An
i.p. injection of pyrazole (68 mg/kg) was given daily to
maintain a relatively constant blood EtOH level. Control
animals similarly treated were housed under identical con-
ditions except for the absence of EtOH in the inspired air.
Blood EtOH levels were determined using an enzymatic
method [24]. Animals were decapitated, and brains were
removed and processed immediately for the preparation of
cellular fractions.

Preparation of Subcellular Fractions

The brains were removed, transferred quickly into 3 vol. of
cold buffer containing 10 mM Tris-HCl (pH 7.4), 320 mM
sucrose, freshly added protease inhibitors, 0.1 mM PMSF,
20 uwM leupeptin, and 5 pM pepstatin {buffer A), and
homegenized in a:motor-driven Potter-Elvehjem homoge-
nizer fitted with a Teflon pestle. Al procedures were
conducted at 4°. The homogenate was centrifuged at 900 X
g for 20 min. The pellet, which contained nuclei; was
resuspended in 4.5 vol. of buffer A and centrifuged at 800
X g for 20 min, and all contaminants were thoraughly
washed out essentially as described [25]. The nuclear
membrane was suspended in 10 mM Tris—HCI (pH 7.4) and
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stored at —70° until used. The supernatant was centrifuged
at 100,000 X g for 60 min at 4°. The resultant supernatant
represented the cytosolic fraction (S100) and the pellet
represented the membrane fraction (P100).

The membrane fraction (P100) was resuspended in a
buffer containing 10 mM Tris-HCI, | mM EGTA, 1 mM
EDTA, and 1 M KCl (pH 7.4) and incubated for 1 hr at 4°
to establish whether the PLA, activity found with the
membrane fraction (P100, total) was membrane bound or
associated. The mixture was then centrifuged at 100,000 X
g for 30 min, and PLA, activity in the supernatant and
pellet was determined. The recovery of membrane PLA, in
the supernatant was greater than 90% of the activity found
in the initial pellet suspension.

Preparation of Mouse Brain Membrane Fractions

Various membrane fractions were prepared by following
established methods [26, 27]. Tissue was suspended in 9 vol.
of buffer B [50 mM Tris=HCl (pH 7.4), 10% sucrose
containing freshly added protease inhibitors, 0.1 mM
PMSF, 20 pM leupeptin, and 5 pM pepstatin]. All proce-
dures were conducted at 4° with pre-cooled solutions. After
homogenization with 20 strokes of a Teflon pestle, the
homogenate was centrifuged at 800 X g for 20 min. The
supernatant was removed, rehomogenized, and centrifuged
at 16,000 X g for 30 min. This procedure was repeated one
more time. The pellet (16,000 X g) was resuspended in 4.5
vol. of a hypotonic buffer [5 mM Tris-HCI, (pH 8.1) and
freshly added protease inhibitors, 0.1 mM PMSF, 20 uM
leupeptin, and 5 pM pepstatin] and gently homogenized
with three strokes of a Teflon pestle. The homogenate was
incubated for 30 min at 4° to lyse the synaptosomes and
vesicles. The incubation mixture was homogenized with 10
strokes of a Teflon pestle. The homogenate was supple-
mented with sucrose to yield a 34% sucrose (w/w) suspen-
sion in 50 mM Tris—HCl, (pH 7.4) and was layered at the
bottom of a three-step gradient. An equal volume of 28.5%
sucrose/Tris~sHCl (w/w) and a one-third volume of 10%
sucrose Tris—HCI (w/w) were overlaid carefully on the top
of the 34% sucrose (w/w) suspension. The gradients were
centrifuged at 60,000 X g for 2 hr and the separated myelin,
synaptosomal, and mitochondrial membranes were resus-
pended separately in 10 mM Tris—HCI, (pH 7.4), diluted to
10% sucrose, and pelleted by centrifugation at 40,000 X g
for 30 min. Synaptosomal membrane purity was assessed
using lactate dehydogenase [28] and Na' -K*-ATPase
enzyme markers [29].

The supernatant (16,000 X g for 30 min) was further
centrifuged at 100,00 X g for 60. min to prepare a micro-
somal membrane. Each membrane fraction was resuspended
in 10 mM Tris—-HCl buffer (pH 7.4), freshly added protease
inhibitors, 0.1 mM PMSF, 20 uM leupeptin, and 5 pM
pepstatin, and stored at —70°.



Arachidonoyl-Specific PLA, in Ethanol-Exposed Mouse Brain

PLA, Assay

PLA, activity was measured using the standard reaction
mixture (500 pL) containing 20 wM 1-palmitoyl-2-arachido-
nyl-sn-glycero-3-phosphocholine containing 1-palmitoyl-2-
[1-"*Clarachidonyl-sn-glycero-3-phosphocholine (1 X 10°
dpm), 20 mM glycine buffer (pH 8.0), 5 mM CaCl,, and
0.1% Triton X-100, which was vortexed thoroughly {30].
Then the suspension was sonicated for 1 min at 37°, and
the reaction was initiated by adding the enzyme preparation
(600 ug protein). The incubation was carried out at 37° for
30 min, and the reaction was terminated by adding 2 mL of
Dole’s reagent [31]. The released free [**Clarachidonic acid
was extracted [30], and the radioactivity in the extract was
determined. PLA, activity was expressed as picomoles of
arachidonic acid released per hour per milligram of protein.
All the assays were carried out in triplicate. Values were
corrected for nonenzymatic hydrolysis (no enzyme). Prelim-
inary experiments were conducted to establish kinetic
parameters of the enzyme by varying concentrations of
substrate (0-100 uM), amounts of tissue (100-800 pg
protein), and periods of incubation (0-60 min). The
present conditions of the assay were within a linear rela-
tionship with respect to concentrations of substrates,
amount of tissue protein, and incubation time.

Protein Determination

Protein concentration of the subcellular fractions was
determined by the procedure of Lowry et al. {32], using
bovine serum albumin as the standard.

Statistical Analysis

Student’s t-test was used to evaluate statistical comparisons.
Differences were considered to be significant at P < 0.05.
Data are presented as means * SEM from at least three
separate experiments run in triplicate, unless otherwise
indicated.

RESULTS
The blood EtOH levels .after 24 hr of EtOH exposure

reached a mean value of 2.7 * 0.03 mg/mL and then
remained stable for up to 96 hr of exposure. Exposure of
mice to EtOH for 96 hr had no significant effect on either
body or brain weight.

The effect of EtOH on PLA, activity was measured
initially in cytosol and membrane fractions prepared after
various periods of EtOH exposure, using 1-palmitoyl-2-[1-
4Clarachidonoyl-sn-glycero-3-phosphocholine as a sub-
strate (Fig. 1). The results suggest that initially the PLA,
specific activity in both the cytosol and membrane fractions
decreased for up to 48 hr of EtOH exposure and then
progressively increased significantly, reaching a higher level
thereafter (72-96 hr). The results indicate that both the

cytosol and membrane fractions contained a significant

517

PLA2 Activity [% of control]

EtOH Exposure [Days]

FIG. 1. Changes in the specific activity of PLA, in mouse brain
following exposure to EtOH for various periods of time. Each
assay (500 pL) containing 20 pM 1-palmitoyl-2-arachidonyl-
sn-glycero-3-phosphocholine, 1-palmitoyl-2-['*Clarachidonyl-
sn-glycero-3-phosphocholine (1 x 10° dpm), 20 mM glycine-
buffer (pH 8.0), 5 mM CaCl,, and 0.1% Triton X-100 was
incubated with membrane or cytosol fraction (600 pg protein)
for 30 min at 37°. Results are expressed as picomoles of fatty
acid released per hour per milligram of protein. Values shown
are the means = SEM of three separate experiments done in
triplicate. Control values for all time points were 70.92 * 3.0
pmol/hr/mg protein for cytosol and 232.8 £ 60 for membrane.
Key: (*) P < 0.05, compared with control.

amount of PLA, specific activity; it was found to be highest
in the membrane fraction from EtOH-exposed mouse brain
when compared with the control (Table 1). The membrane
fraction that had the highest PLA, specific activity was
used for further characterization.

TABLE 1. PLA, activity in subcellular fractions of EtOH-
exposed (4 days) mouse brain

PLA, activity (pmol/hr/mg protein)

Fractions Control EtOH
Particulate (P100) 232.8 £ 60.0 392 * 30.0%
Soluble (S100) 7092 + 3.0 113.85 + 22.8*
Nuclear 34.50 = 1.62 81.78 = 6.78*
Synaptic 98.64 + 6.60 173.58 + 8.28*
Mitochondrial 66.66 = 1.98 73.14 = 3.12
Microsomal 66.60 = 4.74 69.93 + 8.94

PLA; of each membrane fraction (600 pg protein) was assayed under standard
conditions using 20 pM 1-palmitoyl-2-arachidonyl-sn-glycero-3-phosphocholine
containing 1-palmitoyl-2-{**Clarachidonyl-sn-glycero-3-phosphocholine (1 x 10°
dpm), 20 mM glycine buffer (pH 8.0), 5 mM CaCl,, and 0.1% Triton X-100. The
values shown are picomoles of fatty acid released per hour per milligram of protein
(means * SEM) from three separate experiments done in triplicate.

* P < 0.05, compared with control.
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Subcellular Localization of PLA, from Mouse Brain

Studies were extended to determine the localization of
EtOH-activated PLA, among various membrane fractions
prepared by the sucrose density gradient method. Table 1
shows that the EtOH-activated PLA, specific activity was
localized in the synaptic membrane (44%) and was fol-
lowed by the nuclear membrane (13%) in comparison with
the specific activity found in the total membrane fraction.
No significant increase in the PLA, activity was observed
in mitochondrial and microsomal membranes of EtOH-
exposed brains. No PLA, activity was found in the myelin
membrane fraction.

Control and EtOH-exposed mouse brain membrane frac-
tions (P100, total) were treated with 1 M KCl to determine
whether the PLA, activity found in the membrane fraction
(P100, total) was membrane bound or associated. A large
percentage (>90%) of the membrane PLA,; specific activ-
ity was solubilized with 1 M KCl, suggesting that the PLA,
specific activity was membrane associated rather than
membrane bound (data not shown).

Evdluation of Ca’* and pH Dependence of EtOH-
Activated Membrane-Associated PLA,

The effect of free Ca’™ on the enzymatic activity was
examined with Ca?*/EGTA buffers to accurately maintain
the free Ca’* levels [33). The PLA, activity of the
membrane from EtOH-treated mouse brain was found to be
dependent upon the presence of Ca®*. The basal activity of
the particulate enzyme, although not very active in the
absence of added calcium, was stimulated by the addition of
Ca’* and exhibited a concentration—response curve with
maximal activity at millimolar calcium concentrations but
with significant activity detected at low Ca** concentra-
tion. Most of the enzyme activation occurred at less than
500 uM Ca** in membrane from control mouse brain; a
significant increase in the PLA, specific activity was
observed above this concentration only in EtOH-exposed
mouse brain (Fig. 2).

The pH dependence of the PLA, activity of the mem-
brane fractions from control and EtOH-exposed mouse
brain was studied. The pH-activity profile of both the
membrane fractions was in the range between pH 6 and 9
and possessed an alkaline pH optimum of ~8.5. A detect-
able amount of PLA, specific activity was obsetved in the
membrane fractions from control and EtOH-treated tissue
at pH 6.0 (data not shown).

Effect of Glycerol on the Activity of EtOH-Activated
Membrane-Associated PLA,

Glycerol increases the cPLA,-catalyzed hydrolysis of phos-
pholipids [34-36]. An increase in the concentration of
glycerol in the assay from 0 to 60% (by volume) increased
the rate of the hydrolysis of 1-palmitoyl-2-[1-"*Clarachido-
nyl sn-glycero-3-phosphocholine. The maximum PLA, spe-
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FIG. 2. Effect of Ca®’* on the specific activity of PLA, in

membrane fractions from EtOH-treated (4 days) mouse brain.
Each assay (500 pL) containing 20 M 1 mﬁ-zm
donyl-sn-glycero-3-phosphocholine, 1-ps -2 Chrachi-
donyl-sn-glycero-3 line (1 % 10° dpm), 20 mM
glycine buffer (pH 8.0), and 0.1% Triton X-100 with indicated
concentrations of Ca?* in a Ca®>*/BEGTA buffer system was
ineubated with membrane fraction (600 ug protein) for 30 min
at 37°. Results are expressed as picomoles of fatty acid relensed
per hour per milligram of protein. Values shown are the
means = SEM of three separate experiments done in triplicate.

o

cific activity of the membrane from control (2.3-fold) and
EtOH-treated (1.5-fold) mouse brain was observed at 20%
glycerol, and no further increase was observed above this
concentration (data not shown).

Effect of cPLA, Inhibitor (MAFP) on the EtOH-
Activated Membrane-Associated PLA,

MAFP is an irreversible inhibitor of cPLA, but has no
effect on sPLA; [37]. MAFP was used to determine the type
of PLA,; activated by EtOH in mouse brain. Figare 3 shows
that MAFP strongly inhibited both the control and EtOH-
activated PLA; activity of the membrane fraction with an
IC50 value of 3.33 pM.

The ability of the PLA; from EtOH-treated mouse brain
membrane fraction to catalyze the hydrolysis of different
phosphoglyceride substrages is shown: in Table 2. The
highest rate. of the hydrolysis was observed using 1-palmi-
toyl-2:{1-"Clasachidonylisn-glycero-3-phosphocheline as
a substrate (3.4-fold higher) compared with 1-palmitoyl-
2-[1-*Cllinoleoyl-sn-glycero-3-phosphocholine (2.1-fold).
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FIG. 3. Effect of cPLA, inhibitor (MAFP) on the activity of
membrane fraction from EtOH-exposed (4 days) mouse brain.
Each assay (500 pL) containing 20 pM 1-palmitoyl-2-arachi-
donyl-sn-glycero-3-phosphocholine, 1-palmitoyl-2-[**Clarachi-
donyl-sn-glycero-3-phosphocholine (1 % 10° dpm), 20 mM
glycine buffer (pH 8.0), 5 mM CaCl,, and 0.1% Triton X-100
with indicated concentrations of MAFP (pM) was incubated
with membrane fraction (600 pug protein) for 30 min at 37°.
PLA, activity was expressed as picomoles of fatty acid released
per hour per milligram of protein. Values shown are the
means * SEM of three separate experiments.

No detectable PLA, activity was found in the control and
EtOH-treated membrane fractions when 1-palmitoyl-2-
[1-'4Cloleoyl-sn-glycero-3-phosphocholine was used as a
substrate. The order of substrate specificity for the enzy-
matic hydrolysis in the both control and EtOH-treated
membranes was sn-2-arachidonoyl > linoleoyl > oleoyl
glycero-3-phosphocholine.

TABLE 2. Substrate specificity of EtOH-activated (4 days)
mouse brain membrane PLA,

PLA, activity
(pmol/hr/mg protein)
Various substrates Control E«OH
1-pam-2-A,Ach-ptdCho 2328 £ 3.0 398 * 30.0*
1-pam-2-A,lin-ptdCho 39.12 = 3.06 83.34 = 5.76*

1-pam-2-A,ole-ptdCho 0.0 0.0

Each PLA, assay (500 pl) conmtaining 20 M 1-palmitoyl-2-acyl-sn-glycero-3-
phosphocholine, 1-palmitoyl-2-{**Clacyl-sn-glycero-3-phosphocholine (1 X 10°
dpm), 20 mM glycine buffer (pH 8.0), 5 mM:CaCl,, and 0.1% Triton X-100 was
incubated with membrane fraction (600 pg) for 30 min at 37°. Each 1-palmitoyl-2-
[**Clacyl-sn-glycero-3-phosphocholine was radiolabeled at the sn-2 position with
different fatty acids. Results are expressed as picomoles of fatty acid formed per hour
per milligram of protein (mean * SEM) from three separate experiments done in
triplicate. Abbreviations: pam, palmitoyl; ptdCho, phosphatidylcholine; Ach, arachi-
donyl; lin, linoleoyl; and ole, oleoyl.
* P < 0.05, compared with control.
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Effect of DTT on the PLA, Activity of
Membrane Fraction

Treatment with sulfhydral reducing agents, such as DTT,
has been reported to denature the disulfide bridges con-
tained in low molecular weight PLA, (sPLA,) [38]. The
PLA, specific activity in membrane fractions from control
and EtOH-treated tissues was not altered significantly by
pretreatment with 4 or 10 mM DTT incubated at 37° for 30

min (data not shown).

DISCUSSION

The mouse inhalation model has been used for investigat-
ing the cellular and molecular events that underlie ExOH
intoxication, tolerance [18, 39], and withdrawal [22, 23].
We have reported previously that chronic EtOH exposure
increases PLA, activity in mouse brain [18]. In the current
study, we investigated the biochemical properties and
subcellular distribution of E€OH-activated PLA, enzyme.

The present results of EtOH-induced activation of PLA,
activity in mouse brain concur with the results previously
reported in in vivo systems [17, 18], and in chick embryo
[20] and mouse peritoneal macrophage [21] models. For the
first time we have shown here that EtOH treatment leads to
activation of a PLA, that preferentially hydrolyzes
2-arachidonyl-sn-glycero-3-phosphocholine compared with
2-linoleoyl or oleoyl-sn-glycero-3-phosphocholine as a sub-
strate. Most of this arachidonic acid specific PLA, activity
was localized in the membrane fraction. Similar arachido-
noyl-specific PLA ;s have been shown to exist in a variety of
stimulated cells [39-42], rat platelets [43], rat brain [44],
and human brain [45] and have been shown to translocate
to membrane in a Ca’*-dependent manner [42-44]. It is
interesting to note that the observed decrease in specific
activity at 24 and 48 hr of EtOH exposure (75 and 50% of
control values) reflects the short-term effect of EtOH. The
subsequent increase in PLA, specific activity with increas-
ing periods of EtOH exposure (72-96 hr) may be an
adaptation mechanism to the continuous presence of
EtOH.

The PLA,; specific activity of membrane fraction from
conttol and EtOH-treated mouse brain increased with
increasing concentrations of Ca?*. The activation was
observed at lower concentrations of Ca’* with the maxi-
mum activation at 0.5 mM Ca’*; a significant increase was
observed above this concentration only with EtOH. These
results suggest that EtOH may activate more than one
PLA,, requiring both lower and higher Ca’* concentra-
tions for complete activation. In nerve cells, the concen-
tration of cytosolic free Ca’* is maintained at 0.1 to 0.3
M in the resting state and increases up to 1-2 pM during
excitation [46]. A similar type of PLA, was reported in rat
brain [44], which has been shown to be affected by
increasing concentrations of Ca’* [44]. Ca’*-dependent
association of PLA, with the membranes has been shown in
the macrophage cell line RAW 264.7 [47], and in human
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brain and rat brain synaptosomal membranes [44]. The
purified rat brain PLA, has been found to be associated
with the membrane in a Ca**-dependent manner. In the
absence of Ca’*, the enzyme does not bind to synaptosomal
membranes [44]. ¢cPLA, stimulated by Ca** ionophore or
IgE/antigen has been shown to translocate from cytosol to
the nuclear membrane in mast cells [25]. The Ca**-
sensitivity of PLA, observed in the present study suggests
that EtOH may modulate PLA, activity through calcium
ions in the nervous system.

Among the various membrane fractions examined, the
highest PLA, specific activity was associated with the
synaptic membrane followed by the nuclear membrane. It is
not clear at this time why PLA, specific activity in purified
synaptic membrane is decreased compared with the P100
fraction. One possible explanation for the observed loss of
PLA, specific activity in the purified fractions may be due
to loss of cofactors or dissociation of loosely bound PLA,
itself from the membrane. Treatment of membranes with
1 M KCl led to total dissociation of PLA, activity from
membrane, indicating that the enzyme exists in a mem-
brane-associated form rather than as an integral membrane
protein. A similar type of PLA, has been reported in
platelet lysate [48], rat kidneys [49], gerbil brain [50], and
human brain [45]. These results further support the notion
that EtOH may translocate the PLA, to the synaptic
membrane by an as of yet undetermined mechanism in
chronic EtOH-exposed mouse brain, thereby altering the
fatty acyl composition as a part of an adaptation mecha-
nism. This may further lead to alteration of surface recep-
tors and second messenger systems.

PLA, specific activity of membrane fractions from con-
trol and EtOH-treated mouse brain was enhanced greatly in
the presence of glycerol. The hydrolysis of phospholipids by
cPLA, is reported to be activated by glycerol [34--36].
Further, the PLA, specific activity in the control and
EtOH-treated membranes was inhibited by the cPLA,
specific inhibitor MAFP with an iC5y value of 3.33 pM.
This compound is an irreversible inhibitor of cPLA; and
has no effect on sPLA, [36]. MAFP has been used previ-
ously to identify the role of cPLA, in signal transduction
{51]. In addition, most characteristically, the PLA,, specific
activity of membranes from both control and EtOH-treated
mouse brain was DTT insensitive, which is also in keeping
with the characteristics of cPLA,. Taken together, these
results suggest that EtOH-activated PLA, is membrane
associated and most likely has a cytosolic origin. The Ca**
sensitivity (both lower and higher) of PLA,, arachidonoyl
specificity, and association of higher activity with synaptic
membranes observed in the present study seem to suggest
that EtOH may modulate arachidonic acid specific PLA; as
part of an adaptation mechanism to chronic EtOH. Thus,
the activation of PLA, in EtOH-exposed mouse brain may
lead to either altered physical properties of the membrane
or altered membrane function through the release of ara-
chidonic acid and its metabolites, which may play a role in
the adaptation mechanism to chronic EtOH exposure.

B. S. Basavarajappa et al.

Further studies with ¢cPLA, antibodies and different phos-
pholipid substrates will reveal the precise role played by
PLA, and the role played by released arachidonic acid and
its metabolites in EtOH tolerance and dependence.

The authors would like to thank Dr. Amiram I. Barkai for helpful
discussion. This study was supported, in part, by a grant from NIH
(AA07525).
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