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Summary

Arachidonic acid (20 : 4) and other fatty acids and aldehydes in phospha-
tidylethanolamine (PE) present on the platelet surface was determined. Sur-
face-exposed PE was isolated by using 2,4,6-trinitrobenzenesulfonate, a non-
penetrating probe (Schick, P.K., Kurica, K.B. and Chacko, G.K. (1976) J. Clin.
Invest. 57, 1221—1226). PE contains 50% total platelet arachidonic acid. Ap-
prox. 16% platelet PE is present on the platelet surface. The study showed that
the fatty acid and aldehyde composition of PE on the platelet surface is virtu-
ally identical to that in PE present inside the platelet. Therefore, 8 nmol ara-
chidonic acid are present in PE in the outer layer of the plasma membrane in
10? platelets.

Asymmetry of phospholipids has been demonstrated in the plasma mem-
brane of human platelets [1,2]. There are five major fatty acids and several
aldehydes in platelet diacylglycerophospholipids and plasmalogens [3]. The
distribution of phospholipid fatty acids and aldehydes in the platelet plasma
membrane lipid bilayers and in intracellular membranes is not known. Phospha-
tidylethanolamine (PE) represents 27% of total platelet phospholipids. PE con-
tains a disproportionate amount of arachidonic acid, about 49% of the total

* The study was presented in part at the 7th International Congress on Thrombosis and Haemostasis

(London, U.K., July, 1979).19]. )
Abbreviations: PE, phosphatidylethanolamine; TNBS, 2.,4,6-trinitrobenzenesulfonate; TNP, trinitro-
phenyl.
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arachidonic acid present in platelet phospholipids, as well as several aldehydes
since about 55% platelet PE is composed of plasmalogens [4]. This study was
designed to determine whether the content of arachidonic acid and other fatty
acids and aldehydes in the small portion of PE on the platelet surface is differ-
ent from that in PE in the inner layer of the plasma membrane and in intracel-
lular membranes. The data obtained about PE arachidonic acid, which repre-
sents one half of total platelet arachidonic acid, was used to calculate the dis-
tribution of arachidonic acid in PE in the outer and inner layers of the plasma
membrane and in intracellular membranes. Analysis of the location of arachi-
donic acid in platelet membranes is important since platelet phospholipids are
considered to be the source of free arachidonic acid and thromboxane A,
[5—81].

Washed platelet suspensions were prepared from freshly-collected citrated
human blood as previously described [1]. Contamination by erythrocytes and
leukocytes was not significant. Intact platelets were incubated with 2,4,6-trini-
trobenzenesulfonate (TNBS) which reacts with PE only on the platelet surface
and not with PE in the inner plasma membrane lipid layer and in intracellular
membranes. Details of the labeling procedure have been described [1]. Lipids
and trinitrophenyl (TNP)-lipid derivatives were extracted, separated by thin-
layer chromatography, and analyzed for lipid-P to determine percent PE that

TABLE I
FATTY ACIDS AND ALDEHYDES IN PE-TNP DERIVATIVE AND UNREACTED PE

Lipids were extracted from platelets incubated with TNBS and from control platelets. Phospholipids and
TNP-lipid derivatives were separated by thin-layer chromatography and quantitated by lipid-P. Whole
platelet PE, unreacted PE, and PE-TPN-derivatives were subjected to acid methanolysis to produce fatty
acid methyl esters (FAME) and dimethyl acetal derivatives of aldehydes (DM A) for analysis by gas-liquid
chromatography. In experiments shown in the table about 16% PE had reacted with TNBS during 1-h
incubations. The composition of whole platelet PE, unreacted PE, and PE-TPN-derivatives shown in the
table respresent the means £ §.D. of five experiments each done in duplicate. Other experiments done at
30 and 45 min when less PE had reacted showed that composition of fatty acids and aldehydes in PE-
TNBS derivative and unreacted PE was the same as shown in the table.

Fatty acids In whole In unreacted PE In PE-TNP derivative
aldehydes platelet PE
(FAME, DMA)

16 : 0 DMA 5.6 0.3 6.3x1.9 6.1+1.4
16:0 4.0+04 41+04 3.4 0.6
16:1 1104 1.0+0.3 0.9 £0.7
18 : 0 DMA 131 £ 0.3 11.7+1.1 12.7+0.9
18 : 1 DMA 3.81+0.2 3504 4.0+ 0.7
18:0 152+14 146 + 2.0 146 +1.3
18:1 6.6 09 6.8+1.3 6.3+1.2
18:2 3.2=x08 3.7+05 1.7+0.5
18:3,20:0 0.9 +£03 0.6 +0.4 0.7 £+ 0.5
20:1 0.6 £0.3 05+0.1 0.5 £0.2
20:3 0.8 +0.2 0903 1.0+04
20:4 31.7+2.2 32.0+1.8 35.3 +2.0
22:3,22:4 52+0.2 5.6 +1.3 5.4 £0.2
24 :1 0.9 £0.2 08zx0.2 1.2 0.4
22:5,25:0 3.402 3.0+0.2 2.6 0.1
22:6 2.5 x0.2 22+04 27+1.2

Other 1.5x06 29+1.0 0.9 +0.2
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had reacted with TNBS [1].

The fatty acid and aldehyde content of PE that had reacted with TNBS as
well as that of unreacted PE was determined as follows. Both unreacted PE and
PE-TNP derivatives were subjected to acid methanolysis to produce dimethyl
acetal derivatives of aldehydes and fatty acid methyl esters. Fatty acid methyl
esters and dimethyl acetal derivatives were analyzed by gas-liquid chromatog-
raphy using a Hewlett-Packard GLC, model No. 5830A, and a Supelco SP 2330
column with a multi-level temperature program.

Table I shows the results of four experiments in which platelets were incu-
bated with TNBS for 60 min. Under these conditions, 16% PE in platelets reac-
ted with TNBS. Except for linoleic acid (18 : 2) the fatty acid composition of
PE that had reacted with TNBS was not appreciably different from that in the
remainder of platelet PE. The amount of linoleic acid in platelet PE is small in
comparison to the amount of other PE fatty acids and aldehydes. However, the
linoleic acid content of PE-TNP lipid derivatives was significantly (P < 0.01)
lower than the corresponding figure for unreacted PE. The significance of this
finding is not clear at this time. Three aldehyde derivatives were detected, the
dimethyl acetal derivatives of 16 : 0, 18 : 0, and 18 : 1, which reflect plasma-
logen PE. There was no difference between the composition of aldehydes in the
TNP-PE derivatives and in unreacted PE.

About 16% platelet PE is present on the platelet’s surface. The study shows
that the composition of arachidonic acid and other fatty acids and aldehydes in
PE in the outer plasma membrane lipid bilayer, except for linoleic acid, is the
same as that of PE inside the platelet. It confirms that the distribution of plas-
malogen PE in platelet membranes is random as has been reported [6]. Also,
the data indicate that there is a random distribution of each plasmalogen spe-
cies, judged on aldehyde composition, in the outer surface of the plasma mem-
brane as compared to the inner surface and the intracellular membranes,

This information can be used to determine that there are 8 nmol arachidonic
acid in PE in the outer layer of the platelet plasma membrane in 10° platelets.
This is based on the calculation showing that there are 52 nmol arachidonic
acid in PE in 10° platelets * and that about 16% platelet PE is present on the
cell’s surface. Phosphatidylinositol and phosphatidylserine are primarily located
within the platelet [1,2] and thus do not provide significant amounts of ara-
chidonic acid in the platelet surface. About 40% platelet phosphatidylcholine is
present on the platelet surface [2] but its arachidonic acid content relative to
the remainder of platelet phosphatidylcholine is not known. There is evidence
that there is 10 nmol arachidonic acid on the platelet’s exterior [10]. There-
fore, arachidonic acid in surface-exposed PE represents the majority of arachi-
donic acid in the platelet plasma membrane outer layer.

The study shows that despite the asymmetrical distribution of PE in the
platelet plasma membrane the species of fatty acids and aldehydes in surface
exposed PE do not-differ from that in PE located inside the platelet.

The work was supported by the USPHS HL 25455.

* There are 600 nmol fatty acids and aldehydes in 10° human platelets based on the analysis of lipid
phosphorus (9.3 ug lipid-P). Since PE is 27% of total platelet phospholipids and 31.7% of PE fatty acids
represents arachidonic acid, then there are 52 nmol arachidonic acid in PE in 109 platelets.
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