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1. INTRODUCTION

The synthesis of choline in the nervous tissue
has been a subject of debate (reviews [1,2]). Since
the work of [3,4] it was believed that the stepwise
methylation of ethanolamine and/or phosphati-
dylethanolamine in nervous tissue was non-exis-
tant or irrelevant until the suggestion that choline
might be produced de novo in the rat brain [5-7]
throngh methylation of phosphatidylethanoi-
amine. Methyltransferase activity has been shown
in rat brain synaptosomes [89], suggesting that
nervous tissue may have the necessary machinery
for the de novo synthesis of phosphatidylcholine.

The possibility of obtaining cell cultures con-
taining exclusively neurons or glial cells gave us
the opportunity to check, in these isolated systems,
whether neurons and/or glia can methylate phos-
phatidylethanolamine to phosphatidylcholine. The
results obtained suggest that both cell types have
this capacity and that the synthesis of choline
phospholipids through the methylation pathway is
much higher in glial cells than in neurons.

2. MATERIALS AND METHODS

Cells were obtained from 8-day-old embryo
brain (E8) for neurons and l4-day-old embryo
brains (E14) for glia using standard procedures
[10,11]. The neurons were kept in culture for 8
days (C8) and the glia for 14 days (Cl4). Both
types of cell cultures were incubated with 10 pM
[FHlethanolamine (spec. act. 5 Ci/mmol,
Amersham} per dish growth medium. At various

Published by Elsevier Biomedical Press

Phosphatidylcholine synthesis

Methylation

time intervals, the cultures were washed with a
warm (37°C) 0.147 M NaCl solution. The cells
were scraped into 2 ml 0.5 N HCI, homogenized,
centrifuged (4000 X g, 15 min) and the pellet ex-
tracted with chloroform/methanol (2/1, v/v) as in
[12]. The treatment of the cells with 0.5 N HCI
hydralyses the plasmalogens to lysophospholipids,
and thus the radioactivity of the lysophosphatidyl-
ethanclamine and -choline should mainly repre-
sent the incorporation of the label into the plas-
malogens. After addition of carriers, phospholipids
were separaled by bidimensional thin-layer chro-
matography on silica gel using chloroform—meth-
anol—-27% ammonia (65:35:5, by vol.) in the first
direction and butanol-acetic acid—water (60:20:
20, by vol.) in the second direction. The phos-
pholipids were visvalized by iodine vapour,
scraped off and counted (after iodine evaporation)
in 0.5 m1 Hy0O and 10 ml Rotiszint 22 (Roth, Karls-
ruhe) in an Intertechnique SL 30 scintillation spec-
trometer. Lipid phosphorus was measured as in
[13].

3. RESULTS

Both cells incorporated [3H]ethanolamine into
cthanolamine phospholipids. In neurons the ac-
tivity of phosphatidylethanolamine and lysophos-
phatidylethanolamine (plasmalogens) reached a
maximum after 2.5 h incubation, whereas in glial
cell the maximum of incorporation was reached
only after 15 h (figs.1,2). In neurons, radioactivity,
could be detected in monomethyl- and dimethyl-
phosphatidylethanolamine after 15 min incuba-
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Fig.]. Incorporation of [3H)ethanolamine into phospholipids of neurons, from chicken embryo. Incubation was per-
formed as described in the text. Results are expressed as cpm of each phospholipid/pg total lipid phosphorus. Each
point represents the average of 2 expt, each assayed in duplicate. The standard deviation was < 10%. (A) {(c——v) phos-
phatidylethanolamine, (s——e) ethanolamine plasmalogens: (B) (s—-2) monomethylphesphatidylethanolamine,
(a——a)dimethylphosphatidylethanolamine; (c—o) phosphatidylcholine, (a—a) lysophosphatidylcholine.

tion, The activity of monomethylphosphatidyleth- To (he opposite, in glial cells, the radioactivity in
anolamine increased up to 2.5 h at a much higher the three phospholipids could be detected only
rate than in dimethylphosphatidylethanolamine after 1 h incubation (fig.2B). The radioactivity in-
and phosphatidyicholine (fig.1B). creased thereafter during 15 h for monomethyl-
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Fig.2. Incorporation of [*H]ethanolamine into phospholipids of glial cells from chicken embryo. Incubation was per-

formed as described in the text. Results are expressed as cpm of each phospholipid/pg total lipid phosphorus. Each

point represents the average of 2 expt, each assayed in duplicate. The standard deviation was < [0%. (A) (o ——o) phos-

phatidylethanolamine, (s——s} cthanolamine plasmalogens. (B) (a—2) monoemethylphosphatidylethanolamine,
(s-— s ydimethylphosphatidylethanolamine; (c——=) phosphatidylcholine, (s——s) lysophosphatidylcholine.
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phosphatidylethanclamine and up to 36 h for
phosphatidylcholine. The activity of dimethyl-
phosphatidylethanolamine remained very low and
reached a plateau after 9 h incubation, Moreover,
after 3 h incubation the activity of phosphatidyl-
choline increased at a much higher rate than in
monomethyl and dimethylphosphatidylethanol-
amine. Between 336 h incubation the activity of
phosphatidylcholine is higher when compared to
monomethyl- and dimethylphosphatidylethanol-
amine. It should also be noted that the radiocac-
tivity of the phosphatidylcholine is —2—3-times
higher in glial celis than in neurons.

4. DISCUSSION

This work indicates that neurons and glial cells
from chick embryo hemispheres in culture are abie
to synthesize phosphatidylcholine by stepwise
methylation of ethanolamine and/or ethanolamine
phospholipids. The occurrence of radioactive
monomethyl- and dimethylphosphatidylethanol-
amine suggests that at least part of the synthesis of
phosphatidylcholine in neurons and glial cells is
catalyzed by methylation of the aminophospholip-
ids. However, recent experiments also showed that
both cells incubated with radioactive ethanolamine
contain radioactive labelled phosphorylcholine
(not shown), the amount being much higher in
neurons than in ghal cells after short incubation
times, suggesting that either free ethanolamine or
phosphorylethanolamine may be methylated in
both cells. The results indicate that ethanolamine
may be metabolized differently in neurons and
ghial ceils. The higher amount of phosphatidylcho-
line synthesis in glial cells compared to neurons
after long incubation times and the fact that cho-
line of glial cells may be utilized by neurons during
K+ depolarization [14] suggest that glial cells may
be a storage site {réservoir) of choline for neurons.
The implication of such a mechanism in the syn-
thesis of acetylcholine is under investigation.

FEBS LETTERS

September 1982

ACKNOWLEDGEMENTS

L.E. is Maitre de Recherche au CNRS; HD. is
Chargé de Recherche a PINSERM; RM. is
Chargé de Recherche au CNRS.

REFERENCES

{1] Ansell, G.B. and Spanner, 8. {1981) Cholinergic
Mechanisms (Pepeu, G. and Ladinsky, H. eds) pp.
393403, Plenum, New York.

12} Kewitz, H. and Pleul, O. (1981} Cholinergic Mecha-
nisms (Pepeu, G. and Ladinsky, H. eds) pp. 405—
413, Plenum, New York.

{31 Bremer, J. and Greenberg, D.W. (1961} Biochim.
Biophys. Acta 46, 205.

{41 Ansell, G.B. and Spanner, S. {1967) J. Neurochem.
14, 873.

[5] Dross, K. and Kewitz, H. (1966) N.S. Arch. Phar-
macol. 255, 16.

[6] Dross, K. and Kewitz, H. (1972) N.S. Arch. Phar-
macol. 274, 91 -106.

{71 Kewitz, H. and Pleul, O. (1977} Proc. Natl. Acad.
Sci. USA 73, 21812185,

[8] Mozzi, R. and Porcellati, G. (1979) FEBS Leut. 100,
363--366.

[9] Blusztajn, XK. and Wurtman, R.J. (1981) Nature
200, 417—418.

[10] Pettmann, B., Louis, J.C. and Sensenbrenner, M.
(1979) Natnre 281, 378—380.

[11] Booher, 3. and Sensenbrenner, M. (1972) Neu-
robiology 2, 97—105.

[12} Folch, P.J, Lees, M. and Sloane-Stanley, G. (1973)
I. Bicl. Chem. 226, 497-509.

[13] Rouser, G., Fleischer, §. and Yamamote, A. (1970}
Lipids 5, 494—496.

[14] Wong, T.Y., Hoffmann, D., Dreyfus, H., Lous, J.C.
and Massarelli, R. (1982} Neurosci. Lett. 29, 293—
296,

223



