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Implications in the cutaneous biosynthesis of platelet-activating factor
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A membrane-associated 1-0-alkyl-2-arachidonoyl-GPC hydrolyzing phospholipase A, was identified in guinea pig epidermis. It is regio-specific
(associated with the particulate microsomal fraction) and specific for the hydrolysis of 1-0-alkyl-2-arachidonoyl-sn-glycero-3-phosphocholine. It
is sensilive to low calcium concentrations suggesting that it may be activated by increasing intracellular caleium. Since ether-linked phospholipids
are known to exist in the epidermis, further understanding of the properties of this 1-0-alkyl-arachidonoyl-hydrolyzing PLA, may allow us te control
the generation of 1-0-alkyl-2-lyso-sn-glycero-3-phosphocholine, a key substrate for the generation of the platelet-activating factor in the tissue.

Phospholipase A.; Platelet-aclivatling factor; Membrane enzyme: Epidermis

1. INTROPUCTION

Platelet-activating factor (1-0-alkyl-2-acetyl-sn-glyc-
ero-3-phosphocholine) also known as paf-acether
(PAF), is a potent autocoid which mediates allergic and
inflammatory reactions [1,2]. Although its production
was originally believed to be associated with a wide
range of vascular cells such as: neutrophils, monocytes,
vascular endothelial cells and the platelets [3-5), recent
reports now indicate that human skin fibroblasts as well
as epidermal ceils can biosynthesize PAF [6,7].

The parent substrate for the biosynthesis of PAF is
an ether-linked phospholipid, 1-0-alkyl-2-arachidonoyl-
sn-glycero-3-phosphocholine  (1-0-alkyl-2-AA-GPC).
The hydrolysis of this 1-0-alkyl-2-AA-GPC by phos-
pholipase A, yields two precursors of bicactive lipids:
1-0-alkyl-2-lyso-GPC and arachidonic acid (AA). The
ether-linked lyso-GPC undergoes acetylation by the
transfer of acetyl-CoA into the sn-2 position of the lyso-
GPC by a specific acetyl-CoA: lyso-PAF acetyltrans-
ferase resulting in the formation of PAF [8] while the
AA undergoes oxidative metabolism to yield a family
of pro- and anti-inflammatory eicosanoids.

Since the rate-limiting step of this important biosyn-
thetic pathway for PAF and AA (arachidonic acid) is
the activation of a selective phospholipase A, (PLA.),
major efforts have been directed towards identifying a
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specific PLA. which is specific for the hydrolysis of the
ether-linked parent substrate, 1-0-alkyl-2-AA-GPC. A
variety of PLA, (notably, those that are caleium-de-
pendent) have been described from diverse origins, [9].
A new family of PLA, recently been reported to exist
in the cytosol of various tissues, cells including platelets
[11]. The platelet PLA, has been purified to near homo-
geneity. It is reported to exhibit a molecular mass of
about 90 kDa and it hydrolyzed phospholipids with an
arachidonoyl residue more effectively than those with
a linoleoyl residue. A cytosolic PLA, with a molecular
weight of 100 kDa and with specificity for hydrolyzing
1-0-hexadecyl-2-arachidonoyl-GPC has been partially
purified from a macrophage cell line RAW 264.7 [12].
This enzyme exhibits optimal activity at pH 8.0 and is
calcium-dependent. More recently another cytosolic
calcium-independent, plasmalogen-selective PLA, with
a molecular weight of 40 kDa has been described in
canine myocardial cytosolic fraction [13,14]. Similar
phospholipases with basic pH optimum have also been
described in rat lung [14] and in human amnior [16].
In contrast to the vast emerging information of cyto-
plasmic PLA, in a variety of tissues and cells, little is
known about the existence and properties of mem-
brane-associated PLA, which is selective for the hydrol-
ysis of 1-0-alkyl-2-acyl-GPC. Since such a membrane-
associated enzyme can be expected to be located within
the celluiar membrane of the cells where the phospho-
lipid substrates do exist, we were prompted to explore
whether such an enzyme exists in the guinea pig epider-
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mis where phospholipase A. activities have been de-
scribed in the tissue and subcellular preparations from
skin [16-20]. Enthusiasm for this exploratory effort was
intensified by the recent identification in our laboratory
of the existence in the epidermis of the alkylacyl- and
alkenylacyl species of phosphatidylcholine and
phosphatidylethanolamine as the most abundant of the
three subclasses ol phospholipids (diacyl-GPC/GPE, 1-
Q-alkylacyl-GPC/GPE and 1-0-alkenylacyl-GPC/PGE).
Interestingly, these phosphoglycerides are highly en-
riched in the sn-2 position by polyunsaturated faity
acids (PUFAs) such as: #n-6 PUFA: arachidonic acid
(20:4n-6), n-3 PUFAs: eicosapentaenoic acid (20:51-3)
and docosahexaenoic (22:61-3). The latter two #-3
PUFAS are elevated only after dietary intake. Thus, we
present in the present paper, evidence of a membrane-
associated arachidonoyl-hydrolyzing PLA, enzyme in
the microsomal compartment of guine¢a pig epidermis.

2. MATERIALS AND METHODS

2.1, Marerials

Male Hartley guinea pigs (400-450 g) were purchased from Simon-
sen (Gilroy, CA). [1-"*C]Arachidonic acid (5.A. = 55.6 mCi/mmol) wis
purchased from New England Nuclear Research Products (Boston,
MA). Unlabeled arachidonic acid (5,8,11,14-cicosatetraenoic acid),
snake venom phospholipase A; (lecithinase-A phosphatide-2-acyl-hy-
drolase), vL-a-lysophosphatidylcholine, 1-0-hexadecyl-sn-glycero-3-
phosphocholine (lyso-plalelet activating factor), including cofactors:
coezyme A and pL-dithiotreitol (bL-DTT) were purchased rom Sigma
Chemiceal Co. (St. Louis, MO). Adenosine-5"-triphosphate (ATP) was
purchased from Boehringer Mannheirn Biochemicals (Indianapolis,
IN), and 5,8,11,14-¢cicosatetraynoic acid (ETYA) was purchased from
Biomol Research Laboratories Inc, (Plymouth Mecting, PA).

2.2, Preparation of guinea pig epidermal subcellular fractions

Hair from the dorsum of normal male Hartley guinea pigs (400-450
2) was removed by shaving and depilation with sodium thioglycollate
(Nair, Carter-Wallace, Inc.). Afler rinsing with deionized water, the
animals were sacrificed by cervical dislocation and the skin rapidly
removed. Epidermal strips (0.2 mm thick) were obtained using a Cas-
troveijo elecirokeratome (Storz, St. Louis, MO) and homogenized
using a polytron (Brinkmann Instruments, Westbury, NY) in 10 vols,
of ice-cold Tris-HCI buffer (20 mM), pH 7.4 containing 0.25 M su-
crose and 1 mM EDTA to chelate endogenous calcium. The homoge-
nate was centrifuged at 800 x g for 10 min at 4°C to remove the cell
and nuclei debris. The resulting supernatunt was centrifuged at 12,000
» g for |5 min lo remove mitochondria. The resulting supernatant was
finally subjected to ultracentrifugation at 100,000 x g for 60 min a1 4°C
in de Beckman L5-50E ultracentrifuge (Beckman Instruments, Palo
Alto, CA) to give the high speed supernatant and microsomal frac-
tions, The 100,000 x g supernatant fraction was concenlirated lo
smaller volume and the pellet resuspended in 50 mM phosphate bulTer,
pH 7.4, Protein concentration was determined by the Lowry method
with bovine serum albumin used as standard. The resuspended pellet
and the supernatant fraction were used as sources of epidermal PLA,
enzyme(s) for the subsequent incubations.

2.3, Preparations of [-0-alkyl-2-{*CfAA-GPCand L-acyl2-[*C ] AA-
GPC
Radiolubeled 1-0-alkyl-2-{""C]AA-GPC and l-acyl-2-['*C]AA-GPC
were prepared by acylation of ['"*C} arachidonic acid (["*C](AA) and
unlabeled arachidonic acid (50 nmol), into cither 1-0-alkyl-2-lyso-
GPC (50 nmol) or 1-acyl-2-1yso-GPC (50 nmol) in | ml of Tris-FHCl
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buffer (50 mM) pH 7.4 containing: ATP (2.5 mM), MgCl, (10 mM),
DTT (0.1 mM), coenzyme-A (CoASii) (0.1 mM), sucrose (0.35 M)
and suspended rat liver microsomal fraction (350 seg protein). Incuba-
tion was for 15 min and the reaction was terminated by the addition
of 4 volumes of CHCIyCH,OH (2:1, v/v). The extracted organic plhase
containing either the 1-0-alkyl-2-["*C]AA-GPC or l-acyl-2-['*C]AA-
GPC was purified by thin layer chromatography (TLC), using the
solvent system: chloroform/methanol/acetic acid water {50:37.5:3.5:2,
v/viviv). The respective radiolabeled bands were scraped ol the plates,
extracted with chloroform/methanol (2:1, v/v) and dried under N, gas.
The purified labeled precursors were used as substrates lor phospho-
lipase A, assay.

2.4, Hydrolysis of 1-0-alkyl-2-f"C)AA-GPC and t-acyl-2-f*ClAA-
GPC by guinea pig subfractions

The standard assay for the GP PLA, aclivity included the incuba-
tion of the suspended particulate (microsomal) fraction of high speed
cytosolic fraction (containing 600 ug protein) respectively with ap-
proximately 50,000 cpm of either 1-O-alkyl-2-["C]AA-GPC or l-acyl-
2.{"*C]A-GPC in 1.0 ml of phosphate buffer (50 mM) pH 7.4 contain-
ing: Ca* (0.05-2 mM) and eicosatetraynoic acid (ETYA) (50 g M).
The incubation was carried out at 37°C for 20 min. For control
experiments, the microsomal fraction was boiled for 30 min prior te
incubalions, For positive control, snake venom PLA, (25 ug) was used
as enzyme source for incubations. The typical reaction mixture was
teriminated by the addition of 5 volumes of chloroform/methanol (2:1,
v/v), the organic phase removed, dried under N, and the hydrolytic
products separated by TLC using the solvent system: chloroform/
methanol/acelic acid walter (50:37.5;3.5:2, v/v/viv),

3. RESULTS

3.1. Hydrolysis of I-acyl-2-[*CJAA-GPC and 1-0-
alkyl-2-f*ClAA-GPC by high speed microsomal
and cytosolic fractions

The data shown in Fig. 1 revealed the distribution of
phospholipase A, activities in both the cytosolic and
particulate fractions with significant activity evident in
the particulate fraction. Furthermore, the hydrolytic re-
lease of [*CJAA from 1-O-alkyl-2-["*C]AA-GPC was
significantly (P < 0.05) higher than from l-acyl-2-

["*CJAA-GPC in both cytosolic (Fig. 1A) and particu-

late (Fig. 1B) fractions. These results suggest that selec-

tivety of subsirate preferentially for [-0-alkyl-2-

[*C]AA-GPC by a particulate PLA,; exists in the GP

epidermis.

3.2. Effect of Ca®" concentration vt epidermal micro-
somal and cytosolic PEA, activity

Since a role for CA*" in arachidonoyl-hydrolyvzing
phospholipase A, has been suggested in a variety of
reports, we determined whether or not the guinea pig
PLA, activities expressed in the particulate and cy-
tosolic compartments evolve from one or more en-
zymes. The data in Fig. 2B revealed that incubation of
1-0-alkyl-2-[“*C]AA-GPC with the particulate enzyme
preparation in the absence of Ca®' (chelated with
EDTA) revealed a negligible basal activity. However, at
the low extracellular Ca®* concentration of 0.05 mM,
approximately 58% of [“CJAA was released from la-
beled substrate. This release of ["*C]AA increased rap-
idly and was maximal at 5 mM Ca?** concentration (Fig.



Volume 305, number 3

[A] AA RELEASED BY CYTOSCOLIC PLAZ

1 AcybARGPE

1.0-AlhybAAQRS

* ™ T T T p— ==
'] 1 2 3 4 5 ] ?
pms! AA released/ mg praisin/ min

FEBS LETTERS

July 1992

{8] AA RELEASED BY PARTICULATE PLA2

1-ASyl-AAGRC

1.0-AllyHAA-ORC

T T T T="r=
[} 1 H 3 4 3 ] 7
pmMol AA released/ mg proteiny min

Fig. 1. Subcellular distribution of phospholipase A, activity in epidermal cytosolic and microsomal fractions. Suspended particulate (microsomal)

fraction of the high-speed cytosolic [raction (containing 600 ug protein, respectively) was incubated with either 1-0-alkyl-2-["*CJAA-GPC (50,000

cpm) or l-acyl-2-["C]AA-GPC (50,000 cpm) in 1.0 ml of phosphate buffer (50 mM), pH 7.4, containing predetermined, maximal concentration

of Ca** (0.05 mM)and ETYA (50 uM). The incubation was carried out at 37°C for 20 min. Reaclion mixture was terminated by the addition of

5 vols. of chloroform/methanol (2:1, v/v). The organic phase was removed, dried and the hydrolylic products separaled by TLC as described in

the text, Phospholipase activity is expressed as pmol [*]AA released, per mg protein, per min. ‘The horizontal bars represent the mean + S.E.M.
of duplicate determinalions from 3 separate experiments.

2B). Calcium concentrations higher than 0.5 mM inhib-
ited the hydrolytic activity. In contrast, the incubation
of the diacyl-GPC (1-aikyl-2-['*C]JAA-GPC) with the
particulate enzyme at all concentrations (0.05-2 mM)
resulted in minimal release of [*C]JAA when compared
to the 1-0-alkyl-2-['*C-AA}-GPC. This finding suggests
that selectivity of the microsomal PLA, for the ether-
linked phosphelipid, (1-alkyl-2-acyl-GPC) exists in the
guinea pig epidermis.

Incubations of the cytosolic enzyme preparation with
the diacyl, 1-acyl-2-[“C]JAA-GPC and the ether-linked
phospholipid, 1-0-alkyl-2-[“C]AA-GPC (Fig. 2A) re-
vealed moderate (15-20%) release of ['*C]AA from both
labeled substrates. This cytosolic enzyme was not acti-
vated at Ca®* concentrations (0.05-2 mM) tested.

3.3, Kinetic properties of the microsomal PLA,

To gain more information on the preferential hydrel-
ysis of 1-0-alkyl-2-["*C]AA-GPC by the identified par-
ticulate PLA,, we evaluated the effect of varying con-
centrations of both substrates on the hydrolytic release
of [*C]AA. As shown in Fig. 3, hydrolysis of the ether-
linked phospholipid, 1-0-alkyl-2-['*C]AA-GPC was
markedly higher when compared to the diacyl l-acyl-2-
[""C]AA-GPC. The double reciprocal plots (Line-
weaver-Burke) of data from both experiments revealed
that the apparent K, values for 1-O-alkyl-2-[''C]AA-
GPC was 0.1 nmol AA/mg protein/min while that for
1-acyl-2-[*C]A-GPC was 0.16 nmol AA/mg protein/
min.

4. DISCUSSION

Data from these studies demonstrate the existence of
a novel membrane-associated arachidonoyl-hydrolyz-
ing PLA, in the guinea pig epidermis which preferen-
tially hydrolyzes 1-0-alkyl-2-AA-GPC, Its activity is

markedly elevated at low concentrations of Ca** and
inhibited at higher concentrations. This property of
marked activity at low Ca?" concentrations suggests
that the activity of this membrane PLA, may be regu-
lated by the biochemical events of increased intracellu-
lar Ca**/protein kinase C emanating from the signal
transduction process. Such a view is consistent with
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Fig. 2. Effect of Ca* concentration on epidermal microsomal and
cylosolic PLA, activity. Epidermal strips were homogenized in the
presence of | mM EDTA prior 1o fractionation into subecellular frac-
lions. Each subfrasiion (particulale or cylosolic) was incubated with
varying concentrations of calcium. Extractions and separation of me-
tabolites are as indicated in the legend of Fig. 1. Each point represents
the mean * $.E.M. of duplicale determination from 3 separate experi-
ments.
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Fig. 3. Kinetic properties of the microsomal PLA,, The suspended
microsomal PLA, was incubated with varying concentrations of two
substrates: the diacyl-GPC (l-alkyl-2-AA-GPC) and ether-linked
phospholipid, 1-Q-alkylacyl-GPC (1-0-alkyl-2-AA-GPC). Each point
represents the mean + S.E.M. of duplicale determinations from 3
separale experiments, The inserts show the results [rom the double
reciprocal plots.

reports [23,24] that Ca®" and protein kinase C (PKC)
may regulate the biosynthesis of platelet activating fac-
tor.

In contrast to the vast number of cytosolic PLA,
described in other cells and tissues, the particulate ara-
chidonoyl-hydrolyzing PL.A, described in these studies
is regiospecific (microsomal) and substrate specific (will
hydrolyze the alkyl acyl (1-0-alkyl-2-AA-GPC) and not
the diacyl (l-alkyl-2-AA-GPC). Furthermore, unlike
the microsomal PLA, reported in the rat lung [24], the
guinea pig microsomal PLA, is extremely sensitive to
low concentrations of calcium,

Although it has been reported that the stimulation of
isolated human epidermal cells with Ca**-inophore
(A23187) results in the production of PAF [7], the mech-
anism of this inductive generation of PAF is unknown.
One possibility is that the microsomal, regiospecific ar-
achidonyol-hydrolyzing PLA, for 1-0-alkyl-2-AA-GPC
is activated after stimulation by Ca**-ionophore. This
activation results in an inward flux of extracellular cal-
cium, resulting in an increase in intracellular Ca** which
then activates the microsomal phospholipase A,. The
consequence of this activation is the generation of PAF
precursor  (1-0-alkyl-2-lyso-sn-glycero-3-phosphocho-
line), its acetylation by the transfer of acetyl CoA into
sn-2 position of the alkyl-2-lyso-GPC by the enzyme
acetyl-CoA: 1-0-alkyl-2-lyso-sn-glycero-3-phosphocho-
line transferase and the formation of PAF. The acti-
vation of the microsomal PLA, by low Ca®* concen-
trations described in these studies seem consistent with
the described activation of PAF production by human
epidermal cells. Further studies are, however, war-
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ranied to delineate this possible mechanism of action.
Furthermore, elucidation of the properties of this novel
epidermal microsomal arachidonoyl-hydrolyzing PLA,
may allow us to regulate the hydrolytic release of sub-
strates for the synthesis of pro-inflammatory lipid medi-
ators,
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