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The rate of 32Pi incorporation into the main membrane phospholipid fractions, i.e. phosphatidylcholine (PC), phosphatidylethanolamine (PE) and 
phosphatidylinositol (PI), as well as their contents in the cells during synchronous growth of the myxomycete, Physarum polycephalum, have been 
studied. It has been found that both the phospholipid levels and the rates of ‘*Pi incorporation increase during the S phase till the early G2 phase, 
remain nearly constant during the G, phase and fall to the initial level at the end of the G2 phase and in mitosis. It has been revealed that the rate 
of 32Pi incorporation into PC is very low compared to PE and PI, in spite of the fact that the PC level is the highest. The possible reasons of this 
phenomenon are discussed. 
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1. Introduction 

One of the key problems of modern functional bio- 
chemistry is the understanding of temporal organization 
and interactions of intracellular processes occurring dur- 
ing the cell cycle. Membrane biogenesis plays an impor- 
tant role in these processes. It has been shown that dur- 
ing the cell cycle the volume of the cell and, consequently, 
the membrane area, increase non-monotonously and mi- 
tosis is controlled by the cell size [1,2]. It has also been 
shown that the rate of incorporation of the labelled pre- 
cursors into the phospholipids periodically changes dur- 
ing the cell cycle of bacterial [3,4,] and higher eukaryotic 
cells [5,6]. 

On the other hand, phospholipids act as vital elements 
in transmembrane signaling. Stimuli, including growth 
factors, have been established to induce hydrolysis of 
phosphatidylinositides [7] and choline-containing 
phospholipids (phosphatidylcholine, sphingomyelin, 
and their metabolites) [8,9], which is a major mechanism 
for transmitting messages into the cells via protein phos- 
phorylation, ultimately regulating gene transcription 

[lOI. 
The myxomycete Physarum polycephalum, is a prom- 

ising object for studying the cell cycle since it exhibits 
natural synchrony of nuclear division which excludes the 
possible artefacts occurring during synchronization of 
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Abbreviations: PC, phosphatidylcholine; PE, phosphatidylethanolam- 
ine; PI, phosphatidylinositol; 32Pi, [32P]orthophosphoric acid. 

the cell culture. There are some investigations dedicated 
to phospholipid metabolism of F! polycephalum. Comes 
and Kleinig [l l] were the first to report the composition 
of phospholipids and their fatty acid patterns. Minova 
et al. [12] have analyzed the changes in phospholipid 
composition during differentiation of l? polycephalum. 
However, metabolism of phospholipids during the cell 
cycle of E! polycephalum has not yet been investigated. 
The present study is concerned with the content changes 
of the main phospholipids and the rates of 32Pi incorpo- 
ration into them during the cell cycle of the myxomycete, 
I! polycephalum. 

2. Materials and methods 

The myxomycete, Physarum polycephalum, strain M,C, was cultured 
as microplasmodia and macroplasmodia according to 113,141 except 
that the Pi level in the medium was decreased to 25% of the recom- 
mended one. The duration of the S phase was determined from an 
increase in methyl-[3H]thymidine uptake [ 151. The time of mitosis was 
determined by phase-contrast microscopic examination. 

All investigations were carried out during the second cell cycle of 
macroplasmodia after fusion. The inter-division time was approxi- 
mately 12 h in these experiments. Pieces of macroplasmodia (8 mm in 
diameter) were used for experiments. 

The rates of ‘*Pi incorporation into phospholipids were determined 
by incubation of the macroplasmodia pieces in the same medium con- 
taining 3.7 MBq/ml [‘*P]orthophosphoric acid (carrier free) for 75 min 
at 26°C. Incubation was stopped by placing the pieces into 0.2 ml of 
boiling water for 2 min as Comes and Kleinig recommended [l 11. After 
cooling, the lipids were extracted twice, first with 0.75 ml of chloroform/ 
methanol (1: 2, v/v), then the pellet was extracted with 0.95 ml of 
chloroform/methanol/water/cone. HCl(100:200: 80: 2, by vol.) [16,17]. 
The chloroform fractions were combined and evaporated to dryness 
under a stream of nitrogen, dissolved in l&15 ~1 of chloroform/meth- 
anol/ water (75 : 25 : 2, by vol.) and separated by thin layer chromatog- 
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raphy on silica gel plates impregnated with 1% potassium oxalate12 mM 
EDTA in 20% methanol using chloroform/methanol/cone. NH, (9 : 7 : 2, 
by vol.). For lipid identification and evalution of separation quality 
they were also separated by two-dimensional thin layer chromatogra- 
phy with the same solvent in the first direction and using chloroform/ 
acetone/methanol/acetic acid/water (6 : 2 : 2 : 2 : 1, by vol.) as a develop- 
ing solvent in the second dimension. Individual phospholipids were 
identified by co-chromatography with standard phospholipids and 
located by autoradiography. Each located area was scraped into a 
counting vial, mixed with 5 ml of LS-8 liquid scintillator (5 g 2- 
(4-biphenyline)-5-phenyloxazolell50 ml I-methylnaphtalene in 850 ml 
dioxane) and the radioactivity was determined with a SL-4000 (Intertech- 
nits, France) liquid scintillation spectrometer. 

The individual phospholipids to be quantified were visualized with 
iodine vapor to identify them and were scraped from the thin-layer 
plates and extracted. Phosphorous determination was performed by the 
method of van Veldhoven et al. [ 181. 

Data are expressed as phospholipid Pi content (nmol P,/mm’) and the 
rate of “Pi incorporation (cpm/mm’ x min) per square mm of the cell 
area. 

All chemicals were of the purest grade commercially available. 

3. Results and discussion 

The contents (nmol Pi/mm*) of the main phospholip- 
ids, i.e. phosphatidylcholine (PC), phosphatidyletha- 
nolamine (PE), and phosphatidylinositol (PI) during the 
cell cycle of macroplasmodium of P polycephalum are 
shown in Fig. 1. During the S phase, the contents of the 
three investigated phospholipids increased up until the 
early G2 phase. This period lasted for 5-6 h and about 
a two-fold increase in phospholipid levels was observed. 
Then for 4-5 h of the G, phase the levels of the phosphol- 
ipids changed insignificantly. At the end of the G2 phase, 
before nuclear division, a sharp decrease in the levels of 
all three phospholipids occured. These decreases contin- 
ued in mitosis and ended only at the beginning of the 
following S phase. The changes of the total phospholipid 
content during the cell cycle are similar to the level 
changes of each of them. During the S phase and at the 
early G, phase the total level of phospholipids increased 
almost twice within the time consisting of only 0.4 of the 
cell cycle. It should be noted that individual phospholip- 
ids vary in a different manner. At the beginning of the 
S phase, the PE level increases more rapidly than PC, 
whereas at the end of the S phase to the beginning of the 
G2 phase, the PC level increases quicker. The increase in 
the rate of PI content occurs later to those of PC and PE. 

In order to estimate the rates of phospholipid synthesis 
during the cell cycle incorporation of a radioactive label 
into phospholipids was determined (Fig. 2). The rates of 
label incorporation into PE and PI can be seen to in- 
crease abruptly at the beginning of the S phase, then slow 
down until the middle of the G2 phase. The rate of label 
incorporation decreased in the second part of the G2 
phase and during mitosis. These data on the whole satis- 
factorily explain the changes of PE and PI levels shown 
in Fig. 1. 

The plot of 32Pi incorporation into PC is different. 
During the S phase the rate of label incorporation into 
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Fig. 1. Changes in the content of individual and total phospholipids of 
Ii polycephalum during the cell cycle. The symbols show the means + 
S.E.M. of four experiments; horizontal bars on the top indicate the cell 
cycle phases. 

PC increases slightly and then decreases until the begin- 
ning of the next cell cycle. 

The ratio of the average values of the phospholipid 
levels PC/PE/PI was found to be 1 .O: 0.7 : 0.3, which is in 
good agreement with the literature data obtained for 
asynchronous microplasmodium of I! polycephalum 
[8,9]. An unexpected finding was the ratio of the average 
specific rates of phospholipid labelling of PC/PE/PI 
which was equal to 1: 6 : 15. This is a surprise because the 
mass of each phospholipid doubles during the cell cycle 
and it is sensible to expect this ratio to be similar to that 
of their contents. We believe that the reasons for such a 
large difference in these ratios may be the following: (i) 
PE is the major precursor for PC, indirectly supported 
by Comes and Kleinig who reported the similarity of 
fatty acid patterns of PE and PC [ll]. So, the specific 
activity of label for PC synthesis is very reduced with a 
large pool of unlabelled PE. (ii) PI has a very high turn- 
over because it is involved in processes of transmem- 
brane signaling [19,20] and/or other metabolic processes. 
Work in this direction is continuing. 

It is of interest to establish the reasons for the periodic 
changes of the phospholipid levels during the cell cycle, 
i.e. an increase at the beginning and a decrease at the end 
of the cell cycle. As we have already shown, the growth 
of macroplasmodium detected by the increase in cell area 
occurs non-monotonously during the cell cycle [21]. At 
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Fig. 2. The changes in 32Pi incorporation rates into phospholipids of El 
polycephalum during the cell cycle. The symbols are as in Fig. 1. 

the beginning of the cell cycle a relatively low growth rate 
of the cell area can lead to an increase in cell thickness 
and it can be a reason for the observed increase in phos- 
pholipid levels per unit area. In the middle of the cell 
cycle the increase in the area is balanced with mass 
growth and the phospholipid levels do not change signif- 
icantly. At the end of the cell cycle an abrupt increase in 
the cell area is observed which can induce a decrease in 
the cell thickness and lead to a decrease in the obtained 
phospholipid levels per unit area. 
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