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(I) Human platelets were incubated with high density lipoproteins (HDL) doubly labelled with either free 
[ 14 C]arachidonate/[ 3H]araehidonoylphosphatidylcholine or free [ 14C]oleate/[ 3 H]oleoylphosphatidylcholine. 
Whereas [14C]arachidonate was incorporated at a 10-1S-times higher rate than [14C]oleic acid, the exchange 
of both species of phosphatidylcholine occurred to the same extent. In both cases, free 3H-labelled fatty acids 
were generated during the labelling procedure, indicating phospholipase A 2 hydrolysis. A redistribution of 
radioactivity to other phospholipids was noted after exchange of [3H]arachidonoylphosphatidylcholine only. 
(2) The exchange of phosphatidylcholine to platelets was confirmed using [14C]choline-labelled dipalmitoyl- 
and l-palmitoyl-2-arachidonoylphosphatidylcholines. (3) Non-lyric degradation of platelet phospholipids by 
phospholipases revealed that free fatty acids were incorporated at the inside of the cells, whereas exchange 
was taking place on the platelet outer surface. However, 2-arachidonoylphosphatidylcholine displayed a more 
rapid movement towards the cell inside. The above findings suggest a topological asymmetry for the two 
pathways (acylation and exchange) of fatty acid renewal in platelets. The possible mechanisms and 
physiological relevance of the translocatlon of the external arachidonic acid pool across the membrane are 
discussed. 

Introduction 

Arachidonic acid is known to play a major role 
in the regulation of platelet functions as a pre- 
cursor to various biologically active molecules like 
thromboxane A 2 [1]. This fatty acid is present 
almost totally in the 2-position of platelet 
glycerophospholipids and its release, which might 
involve various kinds of lipases [2-13], is a prere- 
quisite to its further conversion by cyclooxygenase 
and lipoxygenase [14]. Several studies dealt with 
the mechanism of arachidonic acid renewal in 
platelet glycerophosphatides [14-18]. Two path- 
ways have been described: the first one (Lands 
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pathway) involves the esterification of acceptor 
lysophospholipids by the acyl-coenzyme A derived 
from either endogenous or exogenous arachidonic 
acid [14-17] and the second, the exchange of 
intact PC molecules, occurs between plasma lipo- 
proteins and the platelet membrane [18]. Both 
pathways might participate in the renewal of 
arachidonate in platelet phospholipids [ 17,18]. 

Phospholipases have been widely used to detect 
the transverse distribution of phospholipids in 
various biological membranes [19-22]. In this re- 
spect, confirming a previous report by Schick et al. 
[23], we described an asymmetric distribution of 
phospholipids in the platelet plasma membrane, 
characterized by the predominance of choline-con- 
taining phospholipids in the outer half and by the 
almost exclusive location of anionic phospholipids 
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(phosphatidylserine and -inositol) and phos- 
phatidylethanolamine in the inner leaflet [21]. As a 
consequence of phospholipid asymmetry, 
arachidonic acid was further shown to display a 
non-homogeneous distribution, since only 6% of 
the total arachidonate present in the platelet is 
located in the outer surface [22]. 

Studies by Renooij et al. [24-26] indicated that 
the Lands pathway occurs in the inner half of the 
erythrocyte membrane, whereas the exchange with 
the plasma lipoproteins takes place on the outer 
face of the red cell membrane. Furthermore, the 
two pools of phospholipids present on both sides 
of the membrane are susceptible to a slow 
equilibration process involving a flip-flop mecha- 
nism [25,26]. 

The existence of such an asymmetry in the 
platelet membrane, besides its physiological sig- 
nificance, could offer a means to label specifically 
the minor external pool of arachidonic acid and to 
compare its behaviour with that of the large inner 
pool during platelet activation. 

The present study was thus undertaken in order 
to determine the sidedness of arachidonic acid 
renewal in the platelet membrane phospholipids 
using purified phospholipases. The results were 
compared to those obtained with oleic acid, which 
is not a precursor of eicosanoids. 

Materials and Methods 

Purified phospholipase A 2 from bee venom and 
sphingomyelinase C from Staphylococcus aureus 
were kindly donated by Professor R.F.A. Zwaal 
[26]. All radioactive materials ([9,10(n)-3H]oleic 
acid (5.7 Ci/mmol), [5,6,8,9,11,12,14,15-3H]arach- 
idonic acid (120 Ci/mmol), dipalmitoyl-L-a-phos- 
phatidyl[N-methyl-aH]choline (77 Ci/mmol), [1- 
14C]arachidonic acid (54 mCi/mmol), [1-14C]oleic 
acid (57.4 mCi/mmol), dipalmitoyl-L-a-phos- 
phatidyl[N-methyl- 14 C]choline (58 mCi/mmol)) 
were from the Radiochemical Centre, Amersham, 
U.K. Indomethacin and soybean lipoxygenase (EC 
1.13.11.12) were from Sigma Chemical Co., St. 
Louis, MO. Dipalmitoylphosphatidylcholine and 
arachidonoyl chloride were purchased from Inter- 
chim, Montlugon, France. Bovine serim albumin 
(30%, w/v) was from the Transfusion Centre. 

Preparation of radioactive substrates 
1 -A cyl-2-[ 3H]oleoyl-sn-glycero-3-phosphocholine 

and 1-acyl-2-[~H]arachidonoyl-sn-glycero-3-phos - 
phocholine. Rat liver microsomes were prepared 
for acylation by either [3H]oleic acid (1 mCi) or 
[3H]arachidonic acid (250 #Ci) as described in 
Ref. 28. After lipid extraction, the 2- 
[3H]acylphosphatidylcholine purified by thin-layer 
ch roma tog raphy  [29] was eluted with 
chloroform/methanol (1 : 1, v/v) and then stored 
at -20°C, under nitrogen. Thin-layer chromatog- 
raphy controls showed no contamination by other 
lipids. The specific activities of [3H]arachidonoyl- 
phosphatidylcholine and of [3H]oleoylphosphati- 
dylcholine were 3.106 and 9.106 dpm//~mol, re- 
spectively. 

1-Palmitoyl-2-arachidonoyl-sn-glycero-3-phos- 
pho[N-methyl-3H]choline. The specific activity of 
1,2-dipalmitoyl-sn-glycero-3-phospho[ N-methyl- 
3H]choline was adjusted to 10 7 dpm//~mol by 
isotopic dilution with unlabelled L-di- 
palmitoylphosphatidylcholine and then submitted 
to the action of Crotalus adamanteus venom phos- 
pholipase A 2. After conversion to its CdC12 ad- 
duct, the lysophosphatidylcholine was then 
acylated with arachidonoyl chloride as described 
by Chakrabarti and Khorana [30]. Alternatively, 
1 -p alm itoyl-sn-glycero- 3-p h osp h o[ N-methyl- 
~4C]choline was reacylated using free arachidonic 
acid in the presence of microsomes. 

Labelling of HDL with radioactive substrates 
Human high density lipoproteins ( d =  

1.063-1.21 g/ml) were isolated according to the 
method of Ayrault-Jarrier et al. [31]. Purity of the 
preparation was ascertained by polyacrylamide gel 
electrophoresis. The labelling procedure was simi- 
lar to that of Brrrziat et al. [18] with the following 
adaptations: 10 ~mol [3H]arachidonoyl- or 
[3H]oleoylphosphatidylcholine and the corre- 
sponding 14C-labelled free fatty acid (150 nCi) 
were co-sonicated in 2 ml of 33 mM phosphate 
buffer, pH 7.4. Liposomes obtained were centri- 
fuged for 20 min at 105000 × g and the super- 
natant containing monolamellar liposomes was 
incubated for 2 h at 37°C with 6 mg HDL protein. 
HDL were then spun down for 18 h at 105000 × g 
and were resuspended in 2 ml of Tyrode buffer 
(pH 7.4) containing 0.35% (w/v) bovine serum 



albumin and 0.25 mM EGTA [32]. About 80-85% 
of HDL lipid phosphorus was in PC. The same 
procedure was used for the labelling of HDL with 
diacyl-sn-glycero-3-phospho[N-methyl- 3 H]choline. 

Platelet isolation 
Platelets were isolated from platelet con- 

centrates obtained from the Transfusion Centre. 
The storage length never exceeded 17 h. Alterna- 
tively, fresh human  b lood  collected on 
acid/c i t ra te /dextrose  as an anticoagulant was used 
[33]. In both cases, platelet suspensions were pre- 
pared according to the method of Ardlie et al. [32]. 
Final suspensions were in a calcium-free Tyrode 
buffer (pH 7.4), containing 0.2 mM EGTA, 10 
mM glucose and 0.35% (w/v)  bovine serum al- 
bumin. They were adjusted to 10 mg platelets/ml 
suspension (wet weight), which corresponds to 
0.2-0.25/~mol/ml as lipid phosphorus. The whole 
procedure was performed at room temperature in 
siliconized glassware (Sigmacote, Sigma). 

Incubation conditions 
Platelet suspensions (2 ml) were incubated with 

labelled HDL (0.25 ml, 1-1.2/~mol phospholipids) 
for various times, at 37°C in a shaking, thermo- 
statically controlled water bath. In some experi- 
ments, in which only the acylation by exogenous 
fatty acid was studied, platelets were incubated 
either with [3H]oleic acid (2 #Ci) or with 
[~4C]arachidonic acid (0.025 #Ci) without HDL. 
At the end of the incubation, cells were separated 
by centrifugation (1500 × g for 10 min), and the 
supernatant containing HDL was collected for 
further lipid analysis. Platelets were then washed 
twice with a calcium-free Tyrode buffer (pH 6.5) 
containing 0.35% bovine serum albumin (w/v)  
and finally suspended in a Tyrode buffer (pH 
7.35) lacking albumin, and containing 11 mM 
glucose, 1 mM MgC1 z, the calcium concentration 
being reduced to 0.25 mM. 

Treatment of intact platelets with phospholipases 
In order to discriminate between the labelled 

phospholipids of the outer surface and of the cell 
inside, platelets were submitted to the sequential 
action of phospholipase A z from bee venom and 
of sphingomyelinase C from S. aureus as previ- 
ously described [22]. Platelets were first prein- 
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cubated for 10 min with indomethacin (20 #M), 
used as an anti-aggregant, and with soybean lipo- 
xygenase (110 U/ml) .  After incubation with the 
phospholipases for 60 min, an aliquot of the cell 
suspension was centrifuged at 1500 × g for 8 min 
and the supernatant was assayed for lactate dehy- 
drogenase activity. Only pellets where cell lysis 
remained less than 8% were kept for further analy- 
sis. The remaining cell suspension was cooled at 
0 -4°C and EDTA (15 mM) was immediately ad- 
ded to block the phospholipase activities. Control 
incubations with no enzyme were carried out in 
the same way. 

Lipid analysis 
Lipids were extracted according to the method 

of Bligh and Dyer [34] after acidification with 0.01 
ml formic acid per ml platelet suspension. The 
different phospholipids, free fatty acids and the 
other neutral lipids were separated by a two-di- 
mensional thin-layer chromatography on silica gel 
F 254, 0.25 mm thickness (Merck), using the two 
solvent systems of Broeckhuyse [35]. The lipid 
spots were visualized by exposure to iodine vapour 
and were then analysed for their radioactivity or 
phosphorus content. 

Analytical determination 
Radioactivity was determined in an Intertech- 

nique liquid scintillation spectrometer (model SL 
4000) with automatic quenching correction. Lipid 
phosphorus was assayed by a modification [36] of 
the procedure of Fiske and SubbaRow [50], after 
destruction with 70% HC104 at 190°C. Lactate 
dehydrogenase was measured as previously de- 
scribed [21] using the method of Wroblewski and 
La Due [37]. Protein was determined by the method 
of Lowry et al. [38] using bovine serum albumin as 
standard. 

Results 

(1) Distribution of radioactivity in the lipids of HDL 
HDL were labelled by incubation with lipo- 

somes containing the radioactive lipids, and were 
then reisolated by centrifugation. About 60% of 
the label initially present in the medium was re- 
covered with the lipoprotein. Using phosphati- 
dylcholines labelled either on the 2-position with 
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[3H]oleic/[3H]arachidonic acid, or on the choline 
moiety, over 9570 of the HDL label was found in 
PC, and no appreciable degradation of the phos- 
pholipid was detected. When a ~4C-labelled free 
fatty acid was added to the liposomes, it was 
recovered as such in the labelled reisolated HDL. 

(2) Time course of oleic acid and arachidonic acid 
incorporation into platelet phospholipids 

The kinetics of exchange of [3H]oleoyl- and 
[3H]arachidonoylphosphatidylcholine from HDL 
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Fig. 1. Time course of oleic acid incorporation into platelet 
phospholipids from [J4C]oleate and from [3H]oleoylphosphati- 
dylcholine. Platelets were incubated with doubly labelled HDL 
([3H]oleoylphosphatidylcholine, 5.5. 106 dpm; and [n4C]- 
labelled free oleic acid, 4.6.104 dpm). Results are expressed as 
a function of time for: (A) [3H]oleoylphosphatidylcholine ex- 
changed to cells; (B) [ J4C]oleic acid incorporated to cells. Only 
PC (45% of the total incorporated label) is represented here for 
more clarity. Other labelled phospholipids were phosphati- 
dylserine, phosphatidylinositol and phosphatidylethanolamine 
(12 and 10% of the total label, respectively. See Table II.) (C) 
3H- or 14C-labelled free oleic acid present in the post-incuba- 
tion supernatant. Typical experiment representative of three 
different experiments. FFA, free fatty acids. 
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Fig. 2. Time course of arachidonic acid incorporation into 
platelet phospholipids from [laC]arachidonate and from 
[3H]arachidonoylphosphatidylcholine. Platelets were incubated 
with doubly labelled HDL ([3H]arachidonoylphosphatidylcho- 
line, 2.7-106 dpm; and J4C-labelled free arachidonic acid, 
4.8.104 dpm). Results are expressed as a function of time for: 
(A) [3H]arachidonoylphosphatidylcholine exchanged to cells; 
(B) ll4C]arachidonic acid incorporated into cells; (C) 3H- or 
14C-labelled free arachidonic acid present in the post-incuba- 
tion supernatant. Typical experiment representative of four 
different experiments. PS, phosphatidylserine, PI, phosphati- 
dylinositol; PE, phosphatidylethanolamine; FFA, free fatty 
acids. 

to platelets are compared in Figs. 1A and 2A. A 
plateau of exchange was more rapidly reached 
with oleoylphosphatidylcholine. However, the 
amount of radioactive PC transferred to platelets 
at the end of a 120 rain incubation was compara- 
ble using either substrate," e.g., 10-20 nmol /1000  
nmol platelet phospholipids, since the specific ac- 
tivity of [3H]oleoylphosphatidylcholine in HDL 
was 3-4-fold higher than that of the [3H]arachid- 
onoyl species. Actually, this represents a very low 
fraction, 0.8-1.27o, of the [3H]PC initially present 



in the H D L  preparations. A similar extent of  
exchange was recorded using PC labelled on their 
polar  head group. 

In  contrast,  the rates of incorporat ion of oleic 
and arachidonic acid when presented in a free 
form were revealed to be quite different f rom each 
other  (Figs. 1B and 2B). Using an equivalent con- 
centrat ion of  labelled fatty acid (of the same 
specific activity), the amount  of cell-associated 
radioact ivi ty ,  at all incuba t ion  times, was 
10-15-t imes greater for arachidonate than for 
oleate labelling. Besides platelet PC, phosphati-  
dylserine and phosphatidylinositol  were found to 
be most  active in incorporat ing arachidonic acid, 
especially when considering that they represent 
only 15-16% of the total cell phospholipids. Phos- 
phat idylethanolamine was labelled to a lesser ex- 
tent. 

Similar results were obtained when the radioac- 
tive fatty acids were used dispersed in an al- 
b u m i n / T y r o d e  buffer with no H D L  present. It is 
noteworthy that, confirming previous data f rom 
Brrrziat  et al. [18], some degree of redistribution 
of  the radiolabel among  cell phospholipids was 
also noted following exchange of [3H]arachid- 
onoylphosphatidylcholine.  This was not  observed 
with the oleoylspecies. 

As free arachidonate is readily taken up by 
platelets, the amount  of labelled free fatty acids in 
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H D L  was monitored over the incubation period 
and compared  for both  kinds of  doubly  labelled 
H D L  (Figs. 1C and 2C). While the content  of  
~4C-labelled free fatty acid decreased in the post- 
incubat ion supernatants,  thus paralleling its cellu- 
lar uptake, that  of  the 3 H-labelled homologue was 
enhanced. This behaviour was repeatedly ob- 
served. In both cases, control  labelled H D L  in- 
cubated alone for 60-120 rain showed no con- 
sistent changes in the distribution of  radioactive 
lipids (data not shown). This observation suggests 
a continuous generation of  [3H]arachidonic /  
[3H]oleic acid, following incubation with platelets. 
It is to be noted that the amounts  of such gener- 
ated 3H-labelled free fatty acids after a 120 rain 
incubat ion are 4-5- t imes  that of  the [3H]PC ex- 
changed to cells, during the same period. 

(3) Non-lytic degradation by exogenous phospholi- 
pases of doubly labelled platelets 

To explore the cell sidedness of  the two 
processes studied here (i.e., [acyl-3H]PC ex- 
change / t ac - l abe l l ed  fatty acid incorporation),  
platelets that had been doubly labelled for 15 min 
with H D L  were further submitted to the non-lytic 
action of exogenous phospholipases. As previously 
shown [20,21], this allows a total degradat ion of 
phospholipids in the outer layer of the platelet 
membrane.  

TABLE I 

NON-LYT1C DEGRADATION BY EXOGENOUS PHOSPHOLIPASES OF DOUBLY LABELLED (OLEIC ACID) PLATE- 
LETS 

Platelets were incubated for 15 min with [3 H]oleoylphosphatidylcholine- and [14C]oleic acid-labelled HDL. Distribution of cell lipid 
radioactivity was determined after incubation for 60 min in the absence or presence of phospholipases under non-lytic conditions. 
Results are expressed as percent of total lipid radioactivity for [14 C]oleic acid labelling, [ 3H]oleoylphosphatidylcholine labelling and 
represent means+ S.E. of three to five experiments. 

Controls Phospholipase treatment 

t4C Phosphatidylcholine 44.5+3.0 34.3+2.0 
Phosphatidylserine 4- phosphatidylinositol 12.7 + 1.6 8.2 _4- 1.9 
Phosphatidylethanolamine 8.8 + 0.7 7.5 4- 1.0 
Neutral lipids 16.24- 2.1 10.7 + 2.7 
Free fatty acids 16.6 + 4.0 37.1 + 3.9 

3 H Phosphatidylcholine 83.2 4- 2.7 11.5 + 1.3 
Lysophosphatidylcholine 1.4 _ 0.1 11.64- 1.6 
Neutral lipids 2.5 4- 0.5 1.5 + 0.5 
Free fatty acids 9.1 4- 1.5 72.44-2.8 
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TABLE II 

NON-LYTIC D E G R A D A T I O N  BY EXOGENOUS PHOSPHOLIPASES OF DOUBLY LABELLED (ARACHIDONIC ACID) 
PLATELETS 

Platelets were incubated for 15 min with [ 3 H]arachidonoylphosphatidylcholine- and [ 14 C]arachidonic acid-labelled HDL. Distribution 
of cell lipid radioactivity was determined after incubation for 60 min in the absence or in the presence of phospholipases under 
non-lytic conditions. Results are expressed as percent of cell lipid radioactivity for [14C]arachidonic acid labelling, 
[3H]arachidonoylphosphatidylcholine labelling and represent means_+ S.E. of four to seven experiments. 

Controls Phospholipase treatment 

14C Phosphatidylcholine 50.2_+ 2.0 41.6_+ 2.3 
Phosphatidylserine + phosphatidylinositol 27.2_+2.0 23.1_+ 1.7 
Phosphatidylethanolamine 9.6_+0.9 9.0_+ 0.5 
Neutral lipids 4.8 _+ 1.7 3.6 _+ 1.4 
Free fatty acids 5.7_+ 2.2 20.3 _+ 4.1 

3 H Phosphatidylcholine 80.3 _+ 2.4 40.8 _+ 11.2 
Phosphatidylserine + phosphatidylinositol 10.1-+3.1 12.0-+ 2.3 
Phosphatidylethanolamine 3.1 -+ 1.6 5.4 _+ 0.8 
Neutral lipids 2.6_+0.4 4.9_+ 3.4 
Free fatty acids 2.7_+ 1.4 31.2+ 10.9 

As shown in Tables I and II, oleic and 
arachidonic acids differed in their incorporation 
into the various cell lipids. A substantial accumu- 
lation as free fatty acid (16%) or in the neutral 
lipids (16%) was noted for oleate but not for 
arachidonate (about 5%). However, in both cases, 
the platelet-labelled phospholipids were poorly hy- 
drolysed by the subsequent action of exogenous 
phospholipases: 16 and 13.5%, respectively, of the 
[14C]oleic and [14C]arachidonic acid cell radioac- 
tivity were released from phospholipids upon en- 
zymatic treatment, and were recovered as free 
fatty acids. 

In contrast, 86% of the [3H]oleoylphosphati- 
dylcholine acquired through exchange was accessi- 
ble to phospholipase action (Table I). It is note- 
worthy that some of the 3H radioactivity released 
from phospholipids was recovered as lyso com- 
pounds, reflecting that part of the [3H]oleoyl- 
phosphatidylcholine initially labelled at the C t- 
position. After exchange of [3H]arachidonoylphos- 
phatidylcholine (Table II), a redistribution of ra- 
dioactivity among cell phospholipids was evident, 
and about 50% of the labelled PC was degraded by 
exogenous phospholipase A z. 

As shown in Table III, the percentage of labelled 
PC degradation by the phospholipases was not 
essentially different upon labelling the platelets for 

15 or 120 min, with either HDL preparation. Yet, 
the exchanged [3H]PC exhibited a slightly lesser 
accessibility after 120 min. 

In these experiments, phospholipid degradation 
by exogenous phospholipases was determined 

TABLE III 

NON-LYTIC D E G R A D A T I O N  OF RADIOACTIVE PC IN 
PLATELETS INCUBATED FOR VARIOUS TIMES WITH 
DOUBLY LABELLED HDL 

In the case referred to as oleic acid, platelets were labelled with 
H D L  containing [lac]oleic acid and [3H]oleoylphosphati- 
dylcholine. In the case referred to as arachidonic acid, platelets 
were labelled with H D L  containing [14C]arachidonic acid and 
[ 3 H]arachidonoylphosphatidylcholine. Results are given as per- 
centage of hydrolysis upon treatment with bee venom phos- 
pholipase A 2 and S. aureus sphingomyelinase and are the 
m e a n s _  S.E. of three to seven experiments. 

Time of labelling 

15 min 120 min 

Oleic acid 3H 86+ 2 74 _+ 11 
14C 23_+ 3 28 _+ 7 

Arachidonic acid 3H 49-+ 12 38 -+ 8 
14C 17+_ 3 22.5-+ 5 



comparatively to controls incubated for 60 min in 
the absence of enzymes. However, in three experi- 
ments, controls were compared to non-incubated 
samples. It was found that 19.9 + 9.3% of 
[3H]arachidonoylphosphatidylcholine was hydro- 
lysed, whereas [3 H]oleoylphosphatidylcholine de- 
gradation was 5.5 _ 3.5%. In contrast, [laC]arach- 
idonoylphosphatidylcholine remained unchanged 
(0 _+ 7.9% hydrolysis) ,  while [14C]oleoyl- 
phosphatidylcholine decreased by 22.9 _+ 6.3%. 

(4) Non-lytic degradations of platelet phospholipids 
upon labelling with [3H]- or [14C]cholinephos- 
phatidylcholines 

HDL were prepared, labelled on the PC polar 
head group with [3H]- or [14C]methylcholine. Two 
kinds of molecules were incorporated into 
HDL : dipalmitoyl- and l-palmitoyl-2-arachi- 
donoylphosphatidylcholine. The latter was either 
biosynthetically obtained or chemically synthe- 
sized as described in Materials and Methods. 

An exchange of PC towards platelets occurred 
to an extent comparable with that observed with 
other labels. About 80% of the newly incorporated 
dipalmitoylphosphatidylcholine remained availa- 
ble to phospholipase action, irrespective of the 
time of cell labelling (Table IV). By contrast, the 
degradation of the cell-transferred 1-palmitoyl-2- 
arachidonoylphosphatidylcholine was dependent 

457 

on the time of incubation with HDL and showed a 
decrease for prolonged labelling times (Table IV). 

Discussion 

The purpose of this study was to determine the 
membrane sidedness of the two pathways involved 
in the renewal of arachidonic acid in platelet phos- 
pholipids, i.e., the acylation or Lands pathway and 
the exchange pathway. The methodology was based 
on the treatment of intact platelets with a combi- 
nation of bee venom phospholipase A 2 and S. 
aureus sphingomyelinase C under non-lytic condi- 
tions. Such treatment is thought to degrade selec- 
tively all the phospholipids present on the platelet 
outer surface and led to the proposal of an asym- 
metric distribution of phospholipids between the 
two leaflets of the platelet plasma membrane 
[21,221. 

The same experimental model was previously 
applied to the red cell membrane:after labelling 
the cells with either 14C-labelled fatty acids (Lands 
pathway) or plasma lipoproteins bearing 32p. 
labelled phospholipids (exchange pathway), Re- 
nooij et al. [24,25] found that only the [32p]phos- 
pholipids were significantly accessible to the phos- 
pholipase degradation. It was thus concluded that 
the fatty acids were predominantly incorporated in 
the inner leaflet of the membrane, whereas the 

TABLE IV 

PHOSPHOLIPASE TREATMENT OF CHOLINE-LABELLED PLATELETS 

Platelets were incubated with [3H]- or [14C]methylcholinephosphatidylcholine-labelled HDL for the times indicated. 1-Palmitoyl-2- 
arachidonoylphosphatidylcholine contained exclusively arachidonic acid at the C2-position when chemically synthesized or a 
predominance of polyunsaturated species when biosynthetically prepared. Cells were further treated by exogenous phospholipases. 
Results are expressed as percent of labelled-PC hydrolysis and are the means (+  S.E.) of three individual experiments or individual 
values. 

Molecular species Incubation time Hydrolysis of labelled phosphatidylcholine 
(min) (~) 

Dipalmitoylphosphatidylcholine 15 77 and 82 
30 73 and 81 

120 80 and 80 

1 - Palmitoyl-2-arachidonoylphosphatidylcholine 
chemically synthesized 

biochemically synthesized 

15 79.5 ± 2.9 
120 56.5 + 6.7 
30 56 and 69 

120 50 and 53 
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exchange process was taking place in the outer 
half of the membrane. 

Phospholipases can be used as biochemical 
probes of membrane phospholipid sidedness, as 
long as no rapid transmembrane movement of 
phospholipids takes place. In this respect, it is 
important to recall that the transmembrane ex- 
change of PC is very slow in the red cell mem- 
brane from human, whereas its half-time in the rat 
is about 7 h [39]. This is much longer than the 
incubation time with phospholipases used in the 
present study. As to the platelets, Bevers et al. [40] 
recently described a rapid transfer of phosphati- 
dylserine from inner to outer leaflet occurring in 
the platelet membrane, under very specific condi- 
tions of activation with calcium ionophore or with 
a combination of thrombin plus collagen. This 
effect was certainly avoided in our study, since 
only resting platelets were used. 

Our results clearly show that upon labelling 
platelet phospholipids with either oleic or 
arachidonic acid, most of the label remains in- 
accessible to the phospholipase degradation, indi- 
cating that the fatty acids are predominantly in- 
corporated at the platelet inside, i.e., in the inner 
leaflet of the plasma membrane and (or) in other 
intracellular membranes. A preliminary experi- 
ment of subcellular fractionation revealed that 
about 60% of the label was located in the plasma 
membrane, whatever the fatty acid used. This could 
be explained by the presence in platelets of phos- 
pholipid-exchange protein [41]. 

As previously described, indomethacin was ad- 
ded to platelets during phospholipase treatment in 
order to avoid platelet aggregation. In this meta- 
bolic investigation, the addition of an excess of 
soybean lipoxygenase was also found to be neces- 
sary, since preliminary experiments had shown 
that some of the radioactive arachidonic acid re- 
leased by phospholipase A 2 was reincorporated 
into phospholipids, mostly phosphatidylethanol- 
amine. In the presence of exogenous lipoxygenase, 
this effect was no longer observed, since hydroxyl 
derivatives of arachidonic acid are poorer sub- 
strates for reacylation into platelet phospholipids 
than the parent fatty acid [42]. 

Upon labelling the platelets by the exchange 
with HDL of PC bearing [3H]oleic or [3H]arachid- 
onic acid in the 2-position, phospholipase treat- 

ment revealed that only oleic acid remained highly 
accessible to the enzyme attack, whereas 
arachidonic acid displayed a more internal lo- 
cation. The latter fatty acid was also the only one 
displaying a redistribution to other phospholipids. 
A similar difference was previously reported by 
B6r6ziat et al. [18] between arachidonic and lino- 
leic acid. At that time of the study, such a peculiar 
behaviour of 2-arachidonoylphosphatidylcholine 
could be suspected to have an artifactual origin. 
Indeed, around 1% of the total radioactivity of 
H D L preparations is present in the free fatty acid 
fraction. Probably due to a specific arachidonoyl- 
Co A synthetase [17], arachidonic acid is very 
actively incorporated into platelet phospholipids 
(about 10-15-times quicker than oleic acid, cf. 
Figs. 1B and 2B). So the labelling of other phos- 
pholipids and the more internal localization of 
[3H]arachidonic acid might be due to those traces 
of non-esterified arachidonic acid present in all 
preparations used. 

For that reason, most of the exchange experi- 
ments were performed using a double-labelling 
procedure by adding a tracer dose of ~4C-labelled 
fatty acid to the HDL suspension. For comparison 
with arachidonic acid, oleic acid was preferred to 
linoleic acid, which is only available with a ~4C 
label. This model should have allowed an estima- 
tion of the proportion of platelet phospholipids 
having incorporated [3H]arachidonic acid via the 
Lands pathway, since the ~4C label could be used 
as an internal standard. However, such an estima- 
tion was revealed to be impossible since, as shown 
in Figs. IC and 2C, there was a continuous genera- 
tion of [3H]arachidonic acid (as well as [3H]oleic 
acid) from HDL-PC, so that the ratio 3H/14C in 
HDL-free fatty acids did not remain constant. 
Such a phospholipase A2-1ike hydrolysis of HDL- 
PC was only found in the presence of platelets and 
never exceeded 3% of hydrolysis after a 120 min 
incubation. These cells are known to contain ac- 
tive phospholipases A 2 [2-6], but our data do not 
allow us to conclude whether PC was hydrolysed 
after transfer to the platelets or whether a phos- 
pholipase A 2 was released 4rom the cells, as shown 
previously for sheep platelets [43]. 

Also, reincubation of platelets labelled after 
exchange revealed the same kind of phospholipase 
A 2 activity, which was found to be the most active 
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towards [14C]oleoylphosphatidylcholine and to- 
wards [ 3 H]arach idonoylphospha t idy lcho l ine ,  
which still remains difficult to explain. 

To avoid the drawback encountered with the 
fatty acid labelling of PC, the exchange experi- 
ments were repeated with [14 C]choline-labelled PC. 
In this case, both dipalmitoyl- and l-palmitoyl-2- 
arachidonoylphosphatidylcholines showed an ex- 
ternal location after a short incubation time (15 
min). This evidences the fact that the previous 
experiments with [3H]arachidonate-labelled PC led 
to an artifactual incorporation of the free fatty 
acid at the inside of the cells. However, upon 
longer labelling times, arachidonoylphosphati- 
dylcholine showed a more internal location, 
whereas dipalmitoylphosphatidylcholine was al- 
ways exposed to the cell exterior. This would 
indicate a translocation process to the inner leaflet 
of the platelet membrane specific for arachid- 
onoylphosphatidylcholine. A more rapid flip-flop 
rate has been indeed described for the most un- 
saturated PC species in the rat erythrocyte mem- 
brane [25,26]. But in the latter case, phospholipid 
movement occurred in both senses, which is differ- 
ent from platelets. One cannot also exclude that 
the phospholipase A 2 previously revealed by the 
release of [3H]oleic or arachidonic acid might have 
been more  active towards  a rachidonoyl -  
phosphatidylcholine, the lysophosphatidylcholine 
formed being then reacylated at the inside of the 
platelets [44-46]. 

In conclusion, our study shows that, like in the 
erythrocyte, incorporation of fatty acids in all 
glycerophospholipids takes place at the inside of 
the platelet, whereas the exchange of intact PC 
molecules with the plasma lipoproteins involves 
the outer leaflet of the surface membrane. This 
allows elimination of a receptor-mediated inter- 
nalization process of HDL as a mechanism of PC 
incorporation into platelets. This also provides 
evidence for the presence in the platelets of vari- 
ous phospholipid pools, as recently suggested by 
Holmsen et al. [47] and might account for the 
discrepancies encountered between various groups 
as to the role of PC, degraded by phospholipase 
A 2 [6] and the role of phosphatidylinositol, de- 
graded by phospholipase C [7-10] and phos- 
pholipase A 2 [13], in the release of arachidonic 
acid upon platelet activation. The procedure used 

in most of the studies reported in the literature 
used arachidonic acid as a radioactive precursor, 
which leads to the labelling of only internal phos- 
pholipid pools. 

This work also gives some indication that 
arachidonoylphosphatidylcholine species present 
on the platelet outer surface might be rapidly 
translocated to the inside of the cell by a mecha- 
nism which remains to be elucidated. Comparing 
our results on arachidonic acid distribution in the 
platelet membrane to those of Schick et al. [48] 
showing an identical fatty acid composition in 
external and internal platelet phosphatidyl- 
ethanolamines, we have calculated that the 6% of 
total cell arachidonic acid present on the platelet 
surface should belong to the external phos- 
phatidylethanolamine [49]. As a consequence, the 
PC molecules forming the external leaflet of the 
plasma membrane would be devoid of arachi- 
donate. This is at variance with the erythrocyte, 
which has been shown to display a symmetrical 
distribution of PC molecular species between both 
halves of the membrane [26]. Because of its possi- 
ble physiological significance, such a suspected 
non-random transverse distribution of PC molecu- 
lar species in the platelet plasma membrane would 
justify further experimental work as well as the 
mechanism of a specific translocation of 
arachidonoylphosphatidylcholine to the platelet 
inside. 

Our present results extend those of B~r~ziat et 
al. [18] showing that platelet-lipoprotein exchange 
of PC might represent a likely way for renewal of 
platelet arachidonate. They suggest that specific 
internalization of arachidonoylphosphatidylcho- 
line, probably involving a deacylation step with a 
reacylation in other glycerophospholipids, might 
participate in maintaining arachidonate at the in- 
side of the cell, essentially in the large phos- 
phatidylethanolamine pool. 
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