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1. INTRODUCTION 

Phosphatidylcholine and phosphatidylethanol- 
amine are the major phospholipids in the mem- 
branes of nervous tissue. Studies on their intra- 
membrane localization showed that these phos- 
pholipids have an asymmetric distribution in 
microsomes [l] and in synaptosomal plasma mem- 
branes [2-31. These observations raise the question 
on the mechanisms by which this asymmetry is 
produced. The de novo synthesis of phosphatidyl- 
choline and phosphatidylethanolamine in brain is 
largely ensured by Kennedy’s pathway [4]. The last 
step of their synthesis is catalyzed by phosphocho- 
line transferase (EC 2.7.8.1) and phosphoethanol- 
amine transferase (EC 2.7.8.2), respectively. Re- 
cent studies on the localization of these enzymes 
suggest that they are differentially embedded in 
the microsomal membrane [S]. Therefore, it seems 
likely that both enzymes may participate in the 
asymmetric assembly of phospholipids in the 
membranes. The synthesis of phosphatidylethanol- 
amine and the corresponding plasmalogens by the 
cytidine pathway was therefore investigated, and 
the site of incorporation of the labelled precursors 
was determined. The results are the subject of this 
report. 

Abbreviations: PE, phosphatidylethanolamine; LPE, 
lysophosphatidylethanolamine; TNBS, 2,4,6-trinitro- 
benzene sulfonic acid 

2. MATERIALS AND METHODS 

Microsomes were obtained from adult chicken 
brain as in [6] and incubated with CDP [W]eth- 
anolamine as in [7]. The reaction was stopped by 
addition of Ca* + (final cont. 1.25 mM). 

The determination of the radioactivity of phos- 
phatidylethanolamine and the ethanolamine plas- 
malogens in the outer and inner leaflet of the mi- 
crosomal bilayer was determined using trinito- 
benzene sulfonic acid (TNBS) in non-permeating 
conditions. The labelled microsomes were incu- 
bated with 1.66 mM TNBS at 0°C for 20 min as in 
(81. In these conditions -32% of the total eth- 
anolamine phospholipids reacted with TNBS. The 
reaction was terminated by the addition of per- 
chloric acid (final cont. 0.8 N) and the miciosomes 
centrifuged for 30 min at 5000 rev./min. The pellet 
was washed with 0.6 N perchloric acid, and the 
lipid extracted with 20 vol. chloroform-methanol 
(2: 1, v/v) as in [9]. 

The treatment of the microsomes with perchloric 
acid hydrolysed the plasmalogens into lysophos- 
phatidylethanolamine and thus radioactivity deter- 
mined in the lysophosphatidylethanolamine and 
those which reacted with TNBS will represent the 
incorporation of the label into the plasmalogens 
situated in the inner and outer leaflet of the micro- 
somal membrane. 

The lipids were separated by thin-layer chro- 
matography on silica-gel plates (Merck-Darm- 
stadt) using chloroform-methanol-ammonia 27% 
(65:35:5, by vol.) as a development system, and 
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visualized by exposure to iodine vapours. The 
phosphatidylethanolamine, the corresponding 
lyso-compounds reacting with TNBS (TNBSPE 
and TNBSLPE) and those which did not react with 
TNBS (PE and LPE) were scraped into a scintilla- 
tion vial and counted in 0.5 ml water and 10 ml 
Rotiszint 22 in a scintillation spectrometer Inter- 
technique SL. 30. The amount of product syn- 
thesized was calculated from the specific activity of 
CDP-[Wlethanolamine measured in the same 
conditions. 

3. RESULTS AND DISCUSSION 

Fig.1 shows the distribution of the newly syn- 
thetized phosphatidylethanolamine in the two mi- 
crosomal leaflets after incubation with CDP 
[%Z]ethanolamine. The amount of labelled PE in 
the outer leaflet (TNBS PE) was higher than in the 
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Fig.1. Microsomes (1.75 mg protein) were incubated 
with CDP [ t%Jethanolamine (1.25 mM) spec. act. 2.87 
X 106 cpm/pmol in 170 mM NaHCOs (pH 8.00) 
10 mM MnC12 in 0.400 ml final vol. The reaction was 
stopped by 1.25 mM Ca*+ and the microsomes treated 
with TNBS (1.66 mM) at 0°C for 20 min as in [S]. Phos- 
pholipids were extracted and separated as in section 2. 
Of the total PE, 34.9% reacted with TNBS. The results, 
expressed as nmol/mg protein as function of incubation 
time with CDP [14C]ethanolamine, are an average of 3 
expt: (o-o) [ t%]phosphatidylethanolamine in the out- 
er leaflet (TNBSPE); (m-m) [ t%Z]phosphatidylethanol- 
amine in the inner leaflet (PE); (A - - A) ratio of newly 
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Fig.2. Microsomes were incubated as in tig.1. Of the 
total LPE (ethanolamine plasmalogens), 30.3% reacted- 
with TNBS. The results, expressed as in tig.1, are an 
average of 3 expt.: (e-*) [t%]ethanolamine plas- 
malogens in the outer leaflet (TNBSLPE); (m-m) 
[ *4C]ethanolamine plasmalogens in the inner leaflet 
(LPE); (A - - A) ratio of the newly synthesized LPE: 

synthesized PE: [t%]PE external/[14C]PE internal. [ t4C]LPE external/[t4C]LPE internal. 

inner leaflet (PE) and both increased over OS- 
60 min. However, the ratio of labelled PE reacting 
with TNBS over those not reacting with TNBS de- 
creased from - 3.2- - 2.0 over 0.5- 10 min and re- 
mained constant thereafter. 

Similar results were also obtained for the syn- 
thesis of ethanolamine plasmalogens (fig.2). The 
amount of labelled plasmalogens in the outer leaf- 
let (TNBSLPE) was also higher than in the inner 
one (LPE). Similarly to the diacyl compounds, the 
amount of radioactive plasmalogens increased in 
both leaflets, while the ratio [t4C]TNBSLPE/ 
[14C]LPE decreased from - 2.6- - 1.7 over 0.5- 
10 min and remained constant thereafter. These 
results indicate that the rate of increase of radioac- 
tive plasmalogens and diacyl compounds is higher 
in the inner than in the outer leaflet. 

The much higher amount of newly formed PE 
and LPE present in the outer leaflet after short 
time of incubation may indicate that the di- 
acylglycerophosphoethanolamine and the corre- 
sponding plasmalogen are synthesized on the ex- 
ternal side of the microsomal vesicles which corre- 
spond to the cytoplasmic side. The increasing 
amount of radioactive ethanolamine phospho- 
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lipids in the inner leaflet suggests a transfer of 
these molecules from the outer to the inner leaflet. 
This transfer seems to be very rapid since the ratios 
[14C]TNBSPE/(14C]PE and [14C]TNB’SLPE/[14C]- 
LPE decrease very rapidly and become constant 
after - 10 min incubation. 

The mechanism which controls this transfer is 
unknown. It may be that either a certain amount 
of the synthesized molecules of ethanolamine 
phospholipids are discharged by the phospho- 
ethanolamine transferase into the inner leaflet 
or that the enzyme discharges all molecules into 
the outer leaflet where another mechanism ensures 
the passage to the inner leaflet. The trans- 
membrane position of the phosphoethanolamine 
transferase in brain microsomes suggested in [5] 
may be consistent with the first hypothesis. 
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