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tris-HCl buffer pH 7.4, 120 raM NaCl, 5 mM KC1, 5 mM Na phosphate buffer pH 7.4, 2.5 mM 
MgCl2, 20 mM glucose and 2% Ficoll. 

After incubation the slices were disrupted in the cold (0-4°C) by passage through increasingly 
fine nylon mesh down to 50 urn pore size. The celi suspension was diluted with sucrose-salt isolation 
medium (0.32 M sucrose; 120 mM NaCl, 10 mM tris-HCl buffer pH 7.4 and 0.5 mM EDTA) and 
centrifuged for 5 min at 150 g. 

The resulting pellet was resuspended in 20% Ficoll solution. A discontinous Ficoll gradient 
was prepared in tubes for the MSE 3 x65 ml swing-out rotor in the following manner: first 9 ml 
of 20% Ficoll+25% sucrose was added, followed by successive additions of 9 ml 32% Ficoll, 27 ml 
of celi suspension in 20% Ficoll, 9 ml of 16% Ficoll and finally 9 ml of 12,8% 

Ficoll. The tubes 
were centrifuged immediately for 110 min at 55,000 g. After centrifugation the neuronal fraction 
was obtained at the interface below the 32% Ficoll layer and the glial fraction at the interface below 
12.8 % Ficoll. Celi fractions were aspirated from the gradients, diluted with 500 ml of the sucrose-salt 
solution and collected as pellets by centrifugation for 15 min at 2,000 g. After morphological exa-
mination using light microscopy, the fractions were resuspended in 0.1 M tris-HCl buffer, pH 7.4 
and used for experiments. By light microscopy, the neuronal fraction contained about 90% neu-
ronal cells, with capillaries and free nuclei as the major contaminants and glial cells as a minor 
contaminant. Glial preparations appeared to be 80-90% pure with equal numbers of neurons 
and capillary endothelial cells as the contaminants. The glial cells were predominately astrocytes. 

Isolation of synaptosomes. Synaptosomes were isolated by the method of Whittaker & Baker [26]. 
Brain cortices from anaesthetised and perfused rabbits were chopped and dispersed in nine volumes 
of 0.32 M sucrose, pH 7.4. The dispersion was centrifuged for 10 min at 1,000 g. The supernatant 
fraction was then centrifuged for 10 min at 18,000 g to sediment the crude mitochondrial fraction, 
which was resuspended in 0.32 M sucrose and placed over layers of 1.2 M, 1.0 M and 0.8 M sucrose 
in tubes for the MSE 3 x 65 swing-out rotor. The inclusion of the 1.0 M sucrose layer was a modifica-
tion of the cited method. 

After centrifugation at 55,000 g for 2 h, the band between 1.2 M and 1.0 M sucrose was col-
lected, diluted with 0.32 M sucrose, and pelleted by centrifugation for 10 min at 18,000 g. The 
synaptosomal pellet was resuspended in the 0.1 tris-HCl buffer, pH 7.4 for use in the experiments. 

Materials. ATP, CTP and pancreatic lipase were obtained from Sigma Chemical Company, 
St. Louis, Mo., U.S.A. CDP-[14]choline and [l,2-14C]ethanolamine were from the Radiochemical 
Centre, Amersham, Bucks, England. Diacylcyclohexylcarbodiimide was obtained from Ralph 
Emanuel Ltd, Wembley, England. Dowex 1 x 8 200-400 mesh (formate form) was from Serva, 
Feinbiochemica, Heidelberg, FRG. Chimera monstrosa (ratfish) liver oil was from Western Chemical 
Industries Ltd, Vancouver, Canada. Bile salt were obtained from Polfa Laboratories, Warsaw, 
Pol and. Egg lecithin and Silica Gel G were from E. Merck A. G. Darmstadt, FRG. Methyl borate 
was from Ktoch-Light Company Ltd, Colnbrook, England. Tween 20 was from Atlas-Goldschmidt 
GMBH, Essen, FRG. Phospholipase C, Clostridium welchii, was obtained from Calbiochem, Los 
Angeles, California. 

l-Alkyl-2-acyl-sn-glycerols were prepared from Chimera monstrosa liver oil which was subjected 
to lipolysis as previously described [22], The product was purified by TLC on a 0.5 mm layer of 
Silica Gel G by development with 90:10:8 (v/v/v) toluene-acetone-methyl borate. A 40 mM emulsion 
of alkylacylglycerols was prepared in 0.1 M tris-HCl, pH 7.4 containing 0.1% Tween 20 by soni-
cation (MSE Ultrasonic Disintegrator, London) for 20 min. l,2-Diacyl-s«-glycerols were prepared 
from egg lecithin by treatment with phospholipase C according to Renkonen [24], A 40 mM emulsion 
of diacylglycerols was prepared as described above for alkylacylglycerols. 

The preparation of [14C]phosphorylethanolamine was described by Ansell & Chojnacki [2], 
CDP-[14C]ethanolamine was prepared by the method of Chojnacki & Metcalfe [9] with the use 
of CTP. The purification of the product was performed in all cases by chromatography on Dowex 
1 x 8 200-400 mesh. The amounts of CDP-[14C]choline and CDP-[14C]ethanolamine were assayed 
spectrophotometrically at 260 and 280 nm. 
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Chemical determinations. Protein was determined according to Lowry et al. [21], Phospho-
lipid P was determined in lipid extracts according to Bartlett [3]. 

Incubation conditions. The incubation mixture contained in a finał volume of 0.2 ml: 75 mM 
tris-HCl bufFer, pH 7.6; 30 mM MgCl2; 0.1 mM dithiothreitol; 1.26 mM CDP-[14C]choline, 
1.03x10= dpm, or 1.75 mM CDP-[14C]ethanolamine, 9 .6x l0 5 dpm; 0.01% Tween 20; 4 mM 
alkylacylglycerols or 4 mM diacylglycerols; and either 150 jig neuronal protein, or 270 |ig glial 
protein, or 305 ng synaptosomal protein. 

Reactions were stopped after 30 and 60 min of incubation at 37°C by the addition of 3.0 ml 
of chloroform-methanol, 2:1 (v/v). 

Extraction and analysis of phospholipids. Lipids were extracted according to Folch et al. [12], 
In some experiments, portions of the total extract were taken for the assay of the radioactivity. 

In other experiments, carrier lipids from rat brain (for CDP-ethanolamine experiments) or 
from rabbit heart (for CDP-choline experiments) were added before separation of diacyl, alkylacyl 
and alkenylacyl types of ethanolamine or choline phosphoglycerides by the thin-layer chromato-
graphy method of Horrocks & Sun [20], 

Lipid areas were scraped from the TLC plates into counting vials, scintillation fluid [8] was 
added, and the radioactivity was measured in a Nuclear-Chicago Isocap/300 Liąuid Scintillation 
System. 

Results 

Increased CPG and EPG synthesis by diradylglycerols. 
Experiments were carried out to determine the capacity of neuronal perikarya, 

glial cells and synaptosomes for the synthesis of choline and ethanolamine phospho-
glycerides, with and without alkylacylglycerols and diacylglycerols. Without exo-
genous diradylglycerols, the rate of ethanolamine phosphoglyceride synthesis was 
4.4 times higher in neurons than in glial cells and 4.8 times higher in neurons than 
in synaptosomes (Table I). Similar ratios were found with exogenous diradylgly-
cerols. In the presence of 4 mM alkylacylglycerols, ethanolamine phosphoglyceride 
synthesis was increased by 110, 90 and 90% and with 4 mM diacylglycerols the 
increase was 40, 40 and 50% for neurones, glial cells and synaptosomes, respectiyely. 

T A B L E I 

Stimulation by added diradylglycerols of the incorporation of radioactivity into choline and ethano-
lamine phosphoglycerides of neuronal and glial cells and synaptosomes from adult rabbit brain 

Incubation mixture: 75 mM tris-HCI (pH 7.6), 30 mM MgCl,, 0.01 % Tween 20, 1.75 mM CDP-['4C]ethanolamine 
(9.6 X 105dpm) or 1.26 mM CDP-[I4C]cho!ine (1.03 X 105 dpm), 0.1 mM dithiothreitol and either 150 ng neuronal protein, 
por 270 ag glial protein, or 305 [Ag synaptosomal protein. The finał volume was 0.2 ml and incubations were carried out 
at 37°C for 30 min and 60 min. Vatues (nmol/mg protein/h) are the means from experiments with two preparations each 
of neurons, glia and synaptosomes. 
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The rate of choline phosphoglyceride synthesis without exogenous diradylglycerols 
was 3.1 times higher in neurons than in glial cells and 4.2 times higher in neurons 
than in synaptosomes. Higher ratios were found with exogenous diradylglycerols. 
With added 4 mM alkylacylglycerols, the increase of choline phosphoglyceride 
synthesis was 6.2 fold in neuronal cells, 3.1 fold in glial cells and 2.0 fold in synapto-
somes. The increase was 5.6, 3.3 and 2.4 fold for neuronal cells, glial cells and synapto-
somes respectively with 4 mM diacylglycerols. 

T A B L E II 

Distribution of radioactivity in the phosphoglycerides. With only the endo-
genous diglycerides, the neuronal and glial cells incorporated a substantial amount 
of radioactivity into diacyl GPE, a smali amount into alkenylacyl-GPE and very 
little into alkylacyl-GPE (Table II). For calculation of the degree of increase of 
ether lipid synthesis the rates for alkylacyl-GPE and alkenylacyl-GPE were combined 
because the latter is formed from the former (see [17]). Without exogenous alkyl-
acyl-glycerols, we believe that most of the newly synthesized alkylacyl-GPE is oxi-
dized to alkenylacyl-GPE. Newly synthesized alkylacyl-GPE accumulates only when 
the rate of synthesis exceeds the rate of oxidation, namely when the formation 
of alkylacyl-GPE is stimulated by the addition of alkylacylglycerols. In the presence 
of 4 mM alkylacylglycerols with the neuronal cells, a 3.4-fold increase was found 
for the formation of the ether lipids in comparison with the values found without 
an exogenous lipid substrate. With the glial cells, the addition of exogenous alkyl-
acylglycerols increased the incorporation of radioactivity into ether lipids 14-fold. 

As noted for the ethanolamine phosphoglycerides, without exogenous diglycerides 
the neuronal and glial cells incorporated a substantial amount of radioactivity into 
diacyl-GPC. Smali amounts of radioactivity were found in the ether lipids. In the 
presence of 4 mM alkylacylglycerols with the neuronal perikarya, a 12-fold increase 
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was found for the formation of the ether lipids as compared to the values found 
without exogenous diglycerides. The corresponding value with glial cells was a 6-fold 
increase. 

Discussion 

The synthesis of phospholipids in neuronal and glial celi fractions was examined 
for the*first time by Freysz Bieth & Mandel [13] who studied the in vivo turnover 
of phospholipids using labelled ortophosphate. The in vitro synthesis of diacyl-GPC 
and diacyl-GPE in dispersions of isolated neuronal and glial cells from adult rabbit 
brain was investigated by Binaglia et al. [4] with labelled nucleotides and added 
1,2-diacyl-s'rt-glycerols. They concluded that the cytidine-dependent enzymie system 
for the synthesis of these diacyl phosphoglycerides is concentrated mostly in the 
neuronal cells as compared to glial cells. Similar results for the synthesis of diacyl-GPC 
in chicken brain neuronal and glial cells were reported by Freysz & Mandel (14). 
A similar cytidine-dependent enzymie system is involved in the synthesis of alkylacyl 
phosphoglycerides [18,19, 22, 23], which are the precursors of the alkenylacyl 
phosphoglycerides [19]. 

Ethanolamine and choline phosphotransferases (E.C. 2.7.8.1. and 2.7.8.2. respe-
ctively), have a considerably higher specific activity in neuronal perikarya than in 
glial cells (predominately astrocytes) or in synaptosomes. The neuronal-glial ratio 
of the specific activities of the ethanolamine phosphotransferase with diacylglycerols 
was 4.5 (present study), 4.8 (Binaglia et al [4]) and 2-6 depending on the source 
of the diacylglycerols (Binaglia et al. [5]). A greater disparity has been found for 
the choline phoshotransferases with diacylglycerols. We obtained a neuronal-glial 
ratio of 5.2, Binaglia et al. [4] reported a ratio of 8.8, and for chicken cells Freysz & 
Mandel [14] reported a ratio of 2,7. 

For the ethanolamine phosphotransferase with alkylacylglycerols, we obtained 
a neuronal-glial ratio of 4.9, whereas Roberti et al. [25] found a ratio of 1.9. Another 
difference is in the extent of desaturation of the alkylacyl-GPE. Of the total radio-
activity in the alkenylacyl-GPE and alkylacyl-GPE, from 13—18% was in alkenyl-
acyl-GPE in our studies but Roberti et al. [25] found 40%. Our procedure for the 
isolation of neuronal perikarya and glial cells was very similar to that employed 
by Binaglia et al. [4,5] and Roberti et al. [25], The major difference in ineubation 
conditions is that we used 30 mM MgCl2 and Roberti et al. [25] used 10 mM MnCl2. 
The effect of this difference on desaturating activity is now being investigated. 

Choline phosphotransferases have not been assayed previously in brain cells 
with alkylacylglycerols. The synthesis of ether containing choline phosphoglycerides 
was ąuite active in the presence of alkylacylglycerols (Table II) as found previously 
for microsomes from rat brain (Radomińska-Pyrek et al., [23]). The neuronal-glial 
ratio of the specific activities of the cholinephosphotransferase with alkylacylglycerols 
was 5.2. Thus, in the present study, the rangę of neuronal-glial ratios with or without 
added diradylglycerols was 4.5—4.9 for the ethanolamine phosphotransferase 
and 3.4—6.1 for the choline phosphotransferase. The higher specific activity of 
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these phosphotransferases in neuronal perikarya as compared with glial cells was 
expected because Freysz et al. [13], Woelk et al. [27] and Goracci et al. [15] reported 
that neuronal ethanolamine and choline phosphoglycerides were more active meta-
bolically in neuronal perikarya than in glia. Freysz et al. [13] also reported that 
-the choline plasmalogens in rat brain cortex had the highest metabolic activity 
of all the types of choline and ethanolamine phosphoglycerides in both the neuronal 
perikarya and glial cells. In the present study, the rate of forraation ot choline plasma-
logens with alkylacylglycerols was twice as high as the corresponding rate of formation 
of ethanolamine plasmalogens in both neuronal and glial cells. Such a high syn-
thetic capacity for a relatively smali amount of lipid is consistent with a high rate 
of metabolic turnover. 

Cohen & Bernsohn [10, 11] have studied the incorporation of fatty acids into 
the phospholipids of various celi types from rat and calf brains. In contrast to results 
with phosphotransferases, for fatty acid incorporation they report that astrocytes 
are as active or more active than neuronal perikarya. Oligodendroglia from calf 
brain were 9 to 170 times as active as neuronal perikarya in incorporating stearic, 
linoleic and linolenic acids into phospholipids. 

We found Iow rates of phosphotransferase activity for synaptosomes. Neu-
ronal-synaptosomal ratios of the specific activities of the ethanolaminephospho-
transferase ranged from 4.8-5.3. For the cholinephosphotransferase, the neuronal-
-synaptosomal ratios were 4-13 depending on the naturę of the diradylglycerol 
substrate. The glia were always more active than the synaptosomes. The diacyl-
glycerol-stimulated cholinephosphotransferase specific activity is 7 times greater 
for microsomes than for synaptosomes according to Abdel-Latif et al. [1], In our 
hands, much higher activities for this enzyme have been obtained, namely 64 nmoles/ 
/mg protein/h for microsomes (Radomińska-Pyrek et al. [23] and 5.9 nmoles/mg 
protein/h for synaptosomes. sińce the activity of the synaptosomal fraction is only 
9 % of the activity of the microsomal fraction, all of the activity found in the synapto-
somal fraction may be due to contamination by microsomes [16], 
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