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SUMMARY: Modification of phospholipid polar head group was
achieved by growing human cultured fibroblasts in medium devoid
of serum and supplemented with N-methyl ethanolamine or N,
N-dimethylethanolamine during 48 h, The corresponding phospholi-
pids accounted for approximately 45 4 of total phospholipids.
Whereas low density lipoprotein (LDL) binding was unaffected,
LDL internalization and degradation appeared to be markedly re-
duced in the presence of N-methylethanolamine, N,N-dimethyletha-
nolamine had no effect on the three studied parameters. These
results emphasize the importance of phospholipid polar head group
in LDL processing by receptor-mediated endocytosis., © 1986 Academic Press, In

The LDL receptor are located at specific regions of the cell
surface: the so-called coated pits (1,2), which are clathrin-
coated invaginations of the plasma membrane., The receptor-media-
ted endocytosis of the LDL molecules involves several membrane
fusion steps, Coated pits give rise to coated vesicles (3), whose
role is to deliver the LDL particles to lysosomes, While the LDL
molecules are targeted to lysosomes where degradation occurs,
the receptor itself is recycled back to the plasma membranes (4).

Phospholipids, as major components of the cellular membra-
nes, might play an important role in intracellular transport and
processing of LDL molecules. Modification of the fatty-acid com-

position of phospholipids can be achieved by growing cells in

ABBREVIATIONS : SM : sphingomyelin, PE : phosphatidyl-ethanol-
amine, PC : phosphatidyl-choline, PI : phosphatidyl-inositol,
PME phosphatidyl-monomethylethanolamine, PDE : phosphatidyl-
iimethylethanolamine, LDL : low density lipoprotein, Hepes : N2-
1ydroxy-ethylpiperazine-N'2 ethanesulfonic acid.
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medium containing specific fatty acids (5). Using this procedure,
Gavigan and Knight (6) reported that enrichment of culture medium
with the polyunsaturated linoleic acid was associated with an in-

crease in LDL degradation by cultured fibroblasts.

Alternatively, the phospholipid polar head group of cultured
cells can be manipulated by supplementing the medium with choline
analogues such as N-methylethanolamine or N,N-dimethylethanolami~-
ne (7,8). In the current studies, the effect of modification of
phospholipid polar head group on LDL binding, internalization and

degradation was investigated.

MATERIALS AND METHODS

Cell culture: MRC5 (human foetal lung) fibroblasts, purchased
from Biomerieux, were routinely grown in Dulbecco Minimum Essen-
tial Medium supplemented with 10 % foetal calf serum (Gibco) at
37 C, ina 5 % co, atmosphere.

Modification of phospholipid polar head group was performed by
growing cells in medium devoid of serum, supplemented with Hepes
buffer 10 mM, serum substitute Ultroser G (IBF France), and 80 to
200 pg/ml of choline or choline analogues (Sigma). The pH of the
medium was adjusted to 7.4.

Determination of phospholipid composition: ,gells were grown
during 48 h in the presence of 50uCi/ml P sodium ortho-
phosphate 20 mCi/mg, CEA France, and the choline analogues. After
harvesting, an aliquot of the cell suspension was applied on si-
lica gel plate and analysed by bidimensional chromatography (9),
first migration chloroform/methanol/H20 65/25/4 v/v, second
migration tetrahydrofuran/methanol/methylal/NH40OH 2N 40/20/20/4
v/v. After autoradiography, the phospholipid spots were cut out
and counted in an Intertechnique instrument.

LDL_binding, internalization and dedradation : LDL was prepared
from human serum by the method of Havel et a}zglo). and labeled
according to Bilheimer et al (11), using I Na (Amersham,
13-17Ci/mg) . The specific radioactivity was about 200-300 dpm/ng.

After supplementation with choline analogues, cells were washed
and LDL procesiigg studied according to Goldstein et al (12),
using 10ug/ml I-LDL. Protein determination was done by the

method of Lowry et al (13). Results are expressed in ng LDL/mg
cell protein.

RESULTS
The phospholipid composition of MRCS human fibroblast after

48h growth in the presence of choline analogues is shown in
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Table I: Phospholipid composition of human fibroblasts MRC5 grown in medium
containing choline or choline analogues

Addition SM BC PI PE PME PDE
None: 13.6+1.5 61.122.3 7.7+£0.9 17.6+1.9 n.d, n.d.
Eth : 13.4+1.8 55.9%2.5 8.3+0.6 22.422 .1 n.d, n.d.
MME 13.0+1.7 37.3%1.8 7.140.5 n.d. b1.7¢2.7 n.d,
DME : 14,111 27.122.1 7.0+0.7 4.3+0.4 n.d, 47.522.6
Chol: 13.541.7 62.3+3.5 7.240.8 17.0+1.7 n.d, n.d.

Cells were incubated during 48h in pulbecco Minimum
Essential Medium supplemented with Hepes 10 mM, serum sSubstitute
Ultroser G, and 200 ng/ml ethanolamine (Eth), choline (Chol), mono- 32
methylethanolamine (MME) or dimethylethanolamine (DME), and 350 pCi/ml P
sodium orthophosphate. Radiocactive phospholipids were then separated by bidi-
mensional thin layer chromatography. Mean of 3 determinations * s.d. n.d.:
not detectable.
Table I. Supplementation with ethanolamine induced a slight in-
crease in PE proportion, accompanied by a slight decrease in PC
proportion. Changes in phospholipid composition following addi-
tion of N-monomethylethanolamine and N,N-dimethylethanolamine
were quite noteworthy : the corresponding phospholipids, PME and
PDE, accounted for 42 % and 48 % of total phospholipids respecti-
vely, thus representing the majority of cellular phospholipids.
These modifications were accompanied, as expected, by a decrease
in PC and PE proportions. By contrast, supplementation with cho-
line yield no significant effect on the phospholipid composition
of the studied cell line. It is of note that the amounts of minor
phospholipids, such as SM or PI, were not affected by choline
analogues supplementation. Further, no modification of cell mor-
phology or adhesiveness occurred during the course of experiments

Figure 1 illustrates the effect of phospholipid polar head

group modification on LDL binding, internalization and degrada-

45



Vol. 137, No. 1, 1986

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

100% o~

=

80 120

1007 -

160 200 80 120 160 200

A

80 120 160 200

Figure 1 : Effect of manipulation of phospholipid polar head

group on low density lipoprotein binding (1a), internalization
(1b) and degradation (1c). Cells were grown during 48 h in me-
dium supplemented with Hepes 10 mM, serum substitute Ultroser G

and the indicated concentration of ethanolamine (®), mono-
methylethffglamine (v), di-methylethanolamine (m) or cho-
line (O) I-LDL binding, internalization and degradation
were then measured as described (12). Results are expressed in
percentages of control. Mean of 3-5 determinations.

tion of LDL. It appeared that LDL binding, monitored at 4I[C, is

not dependent upon phospholipid polar head group. However, at

37[C, both LDL internalization and degradation are decreased in

the presence of N-monomethylethanolamine, and thus with a dose-

dependent effect. A maximum of 30-35 % decrease was obtained with

160-200 ug/ml of N-monomethylethanolamine. This effect appeared

to be specific since supplementation with other analogues, espe-
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cially with N,N-di-methylethanolamine, induced no effect on LDL

processing by fibroblasts.

DRISCUSSION

In the current studies, it is demonstrated that modification
of phospholipid polar head group of cultured human fibroblasts
can be achieved by supplementation with choline analogues. Simi-
lar results have been obtained with LM mouse fibroblasts (7,8),
with chick embryo fibroblasts (14) or with rat C-6 glial cells
(15). The possibility of manipulation of phospholipid polar
head group of human cultured cells gives a good model for
investigation of the activity of membrane-linked enzymes or
receptors, in relation to their 1lipid environment.

Modification of phospholipid polar head group had no signi-
ficant effect on LDL binding by human fibroblasts. It is there-
fore reasonable to assume that phospholipids play a minor role
in the recognition of the LDL molecule by the specific receptor.

By contrast, LDL internalization and degradation appeared
to be inhibited by enrichment of cellular membranes with PME.
The fact that degradation is approximately reduced to the same
extent than internalization indicates that most probably, LDL
transport from membranes to lysosomes is impaired whereas the ly-
sosomal degradation function is unaffected.

The mechanism whereby PME inhibits LDL intracellular trans-
port remains unclear at the present time. One hypothesis might be
that modification of membrane microviscosity could, in part, be
responsible of this phenomenon, but different authors (16,17) re-
ported that modification of cellular phospholipid composition did
not modify the fluidity of cultured cells. Most probably, enrich-
ment with PME induces some modification of the membrane struc-

ture, with reorganization of membrane constituants, so that mem-
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brane invagination to coated pits, coated vesicles and endosomes
might be inhibited.

Schroeder (18) demonstrated that alteration of the phospho-
lipid composition of LM mouse fibroblasts, either by supplementa-
tion with N-methylethanolamine, NN-di-methylethanolamine or etha-
nolamine, correlated with a depression in polystyrene bead phago-
cytosis and horseradish peroxidase pinocytosis. It must be noted
that phagocytosis and pinocytosis are non specific process, which
do not involve the presence of specific receptors, coated pits
and coated vesicles, as is the case in LDL endocytosis.

Thus, the inhibitory effect of PME on LDL uptake might be
be ascribed to its action either on the budding of coated pits
to coated vesicles, on the biogenesis or function of endosomes,
or finally on the fusion of endosomes with lysosomes where

degradation is achieved.
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