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SUMMARY : Krebs II ascites cells were incubated with [3H] or []4C]

choline

cifically enha?ﬁed phosphatidylcholine (PC) biosynthesis, as shown by com-
parison with ['C] ethanolamine. Further analysis revealed that the stimu-
lating effect of PLC remained limited to 1,2-diacyl-sn-glycero-3-phosphocho-
line (diacy1-GPC) and 1-alkenyl-2-acyl1-GPC, whereas the biosynthesis of
1-alkyl-2-acy1-GPC, the putative precursor of platelet activating factor
(PAF-acether) remained unchanged. These differences reflect different loca-
lizations of the three PC subclasses in the plasma membrane and are discus-
sed in relation to the requlation mechanism of PC biosynthesis. o 19ss

Academic Press, Inc.

Using a new procedure of determination, we recently reported a high
occurrence of ether-phospholipids (ether-PL) in Krebs II ascites cells, a
tumoral cell line maintained in Swiss mice (1). A growing interest for these
PL species arose these last years since structural determinations as well as
various metabolic and enzymatic studies suggested that 1-alkyl-2-acyl-sn-
glycero-3-phosphocholine (alkyl-acyl-GPC) could represent a biochemical pre-
cursor to platelet activating factor (1-alkyl-2-acetyl-Gpc or PAF-acether),
a potent biological mediator active on platelets and leukocytes and able to
evoke various pulmonary and cardiovascular effects (2-9).

However, the regulation of the biosynthesis of alkylacyl-,alkenylacyl-
and diacyl- GPC has never been investigated in any cell system. Actually,
the factors involved in the specific accumulation of ether-phospholipids
in certain cells (10-16) are yet poorly understood. Although several studies
reported an increased phosphatidylcholine (PC) biosynthesis upon cell stimu-
lation by various agents (17-24), no discrimination was made between the
various subclasses.

Abbreviations : PL, phospholipids ; GPC, sn-glycero-3-phosphocholine ; PC, phos-
phatidylcholine ; PLC, phospholipase C.
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In the present study, Krebs ascites cells have been treated by phos-
pholipase C (PLC) under non-lytic conditions, which promoted an increased
synthesis of PC. Analysis of the three PC subclasses revealed that the stimu-
lation was limited to diacyl- and alkenylacyl- GPC, with no effect on PAF-
acether precursors. These data are compared to recent findings on membrane
sidedness of ether-PL (25,26) and illustrate a possible relationship between
phospholipid metabolism and membrane transverse asymmetry.

MATERTIAL AND METHODS

[Me- '%c cho1lne chloride (58 mCi/mmole), [Me- H] choline chloride
(78 Ci/mmole) and ethanolamine (55 mCi/mmole} were purchased from the
Radiochemical Centre Amersham UK. Purified PLC from Clostridium_welchii

(EC 3.1.4.3) was a g1ft of Prof. RFA Zwaal (27). Minimum Essential Medium of
Eagle was supplied by Seromed, Lille, France.

Incubation of cells

Krebs II cells were maintained by weekly intraperitoneal injection
into Swiss mice, as already described (28). After harvesting, cells were
washed twice in calcium-free Tyrode buffer (pH 6.5) and suspended in Eagle
medium buffered to pH 7.4 with 40 mM Hepes (4-(2- hydroxyethy] g1perazine
ethane sulfonic acid). Final concentration was adjusted to 2 x 10° cells/ml,
using a Nageotte couting cell.

Cells were then incubated at 37° C for up to 3 h in the presence or
in the absence of PL(f4 after add1t1on of various labelled precursors :
1 uCi/ml of either ['*C] or [3H] choline (resulting in specific radioactivi-
ties of 41 mCi/mmo]e and 140 mCi/mmole, respectively, taking in account the
concentration of choline in Eagle medium).

Incubations were stopped by rapid centrifugation (600 x g for 2 min).
The supernatant was used for lactate dehydrogenase determination (29,30).
The pellet received immediately 1 ml of cold 10 mM EDTA and phospholipids
were extracted according to Bligh and Dyer (31).

Phospholipid analysis

Various phospholipids were separated on Silicagel G thin layer plates,
0.25 mm thick (Merck, Darmstadt, FRG) using a two dimensional system (32).
Separation of diacyl- and ether- PL subclasses was performed after phospho-
lipase A, hydrolysis, using a bidimensional thin layer chromatography invol-
ving exp%sure to HC1- fumes between the two runs, as described (1).

Radioactivity was determined in 1ipid extracts or in the various spots
revealed by exposure to iodine vapor, using a Kontron Intertechnique counter
(type SL 4000) and Picofluor (Packard, USA) as a scintillation fluid. Phospho-
rus was measured according to Bottcher et al (33).

RESULTS

Treatment of Krebs Il cells with PLC promoted a biphasic effect on
[14
inferior to 5 mU/ml increased []4C} choline incorporation in a dose-dependent
14

C ] choline incorporation into PL. As shown in Fig. 1, enzyme concentrations

manner. However, after reaching a maximum at 5 mU/ml, [ 'C] choline labelling

progressively declined. As also indicated in Fig. 1, low phospholipase concen-
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Fig. 1 : Effect of increasing phospholipase C concentrations on [14C] choline
incorporation into Krebs Il cell phosphatidylcholine and on cell Tysis.

Cells were incubated for 3 h at 37° C as described under Materials
and Methods. [14C] choline incorporation is expressed as dpm/2.10° cells, cell
lysis corresponds to percentages of total lactate dehydrogenase determined in
supernatants.

trations induced a minor cell lysis, whereas as much as 40 % leakage of lactate
dehydrogenase was measured in the presence of 40 mU/ml PLC. Thus an enzyme
concentration of 5 mU/ml, which allowed a maximal stimulation of PC biosynthe-
sis with a minimal cell lysis, was chosen for further experiments.

Data from Table 1 indicate that []4C

sphingomyelin labelling remaining non significant. The effect was specific
14
C

] choline entered essentially PC,

for choline, since [ "C] ethanolamine incorporation was hardly modified by

TABLE 1  Different effect of phosphalipase C on [14C] choline and [1%¢] ethano-

Tamine incorporation into Krebs cell phospholipids

T&P{;&gﬁgﬂc [MC] choline incorporation into [%¢ Jethanol amine incorporation into
(nU/m1) SPH PC PC PE
0 740 32180 590 28510
1 520 20450
2.5 540 22156
5.0 1980 89032 480 22306
10.0 650 25406
20.0 600 23902

Results are expressed in dpm/2.106 cells.

SPH, sphingomyelin ; PC, phosphatidylcholine ; PE, phosphatidylethanolamine.
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Fig. 2 : Time course of []4C] choline incorporation into Krebs II cell phospha-
tidyTcholine in the presence (O—O) and in the absence (@---@) of phospholipase C.
Phospholipase C concentration was 5 mU/ml.

Fig. 3 : Time course of [3H] choline incorporation into the three subclasses
of Krebs II cell phosphatidylcholine in the presence {O—O) and in the absence
(@---@) of phospholipase C.

PLC treatment. This allows to conclude that PLC had a direct effect on PC
biosynthesis rather than a non specific action on membrane permeability for
the labelled precursors. Table 1 also indicates that phosphatidylethanolamine
methylation was not involved to a significant extent under our experimental

conditions, since PC labelling by []4C

] ethanolamine remained very Tow.

Fig. 2 shows a time course of []4C] choline incorporation into Krebs
cell phospholipids with or without treatment by 5 mU/ml PLC. The increase in
PC Tabelling promoted by PLC started immediately and could even be observed
as soon as 15 min after enzyme addition (not shown). In 11 experiments, it
was found that 5 mU PLC stimulated PC biosynthesis by 1.4 to 2.8 fold.

Under the same conditions, total cell phospholipid content, as determined by
phosphorus measurement, did not vary significantly.

In a series of experiments, the three PC subclasses were separated
from each other, according to our published procedure (1). As shown in Fig. 3,

Ch

GPC and the lowest in alkenylacyl-GPC, alkylacyl-GPC displaying an interme-

] choline incorporation under basal conditions was the highest in diacyl-

diate picture. However, the most striking observation was the lack of PLC
effect on alkylacyl1-GPC Tabelling, whereas [3H] choline incorporation into
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diacyl- and alkenylacyl- GPC was stimulated by 1.5 and 1.6 fold, respecti-
vely. These values reasonably agree with data of Fig. 2 concerning total PC.

DISCUSSION

Sleight and Kent (17,21) have previously shown that PLC enhances PC
biosynthesis in several cell Tines. Such a treatment induces a specific adsorp-
tion of cytosolic CTP : phosphocholine cytidylyltransferase (EC 2.7.7.15) onto
microsomal membranes. The subsequent activation of the cytidylyltransferase,
which catalyzes the Timiting step of PC biosynthesis, leads to an increased
production of PC. The same mechanism has been shown to occur during stimula-
tion of PC biosynthesis under various conditions (17-24).

The present study shows that Krebs II ascites cells are responsive to
PLC treatment and that the stimulation of PC biosynthesis is absolutely simi-
Tar to that observed in other cell systems. Indeed, preliminary experiments
revealed that CTP : phosphocholine cytidylyltransferase is also in Krebs cells
the reqgulatory enzyme of PC biosynthesis and that PLC treatment promotes its
specific adosrption onto microsomal membranes (Tercé et al., in preparation).

Apparently, the increased PC production compensates for PC hydroly-
sis induced by PLC, this PL being the preferred substrate of the enzyme (27).
Indeed, no change in PL content could be detected in cells over 3 h PLC
treatment.

The advantage of using Krebs II cells in this experimental model is
that the relatively high amount of ether-PL should allow to examine the beha-
viour of the three PC subclasses, which was never previously emphasized.
Actually, our study revealed a striking difference between the three subclas-
ses, since only diacyl- and alkenylacyl-GPC were susceptible to PLC action,
alkylacy1-GPC remaining refractory to the stimulation evoked by the enzyme.

We recently found that PL subclasses display a highly asymmetric distribution
through the plasma membrane of Krebs cells (25,26). For instance, diacyl-

GPC and alkenylacyl-GPC are almost entirely located in the outer Teaflet of
the membrane, whereas alkylacyl-GPC remains specifically confined to the in-
ner leaflet. It is thus tempting to conclude that PLC effect was limited to
those PC subclasses directly exposed on the cell surface. This would suggest
that PC resynthesis involves the diglycerides generated by PLC action. Indeed,
diglycerides can easily cross the membrane bilayer (34,35). Such a reutiliza-
tion of the diglyceride backbone is thus similar to that reported during the
increased turnover of inositol-PL brought about by numerous physiological
agonists (36).

In conclusion, our study brings a new insight into the process regu-
lating PC biosynthesis. In the last step of PC building, besides the availa-
bility of the hydrosoluble substrate, CDP-choline, the amount and the nature
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of the lipophilic substrate diacylglycerol might also represent a critical
parameter. This could give a key in understanding the mechanism by which a
cell regulates its relative content of diacyl- and ether- PL. Such a process
is specially important in the case of alkylacyl-GPC, owing to its role in

PAF -acether biosynthesis and should justify further studies using the experi-
mental model depicted herein.
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