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Phospholipid metabolism and concanavalin A stimulation of
thymocytes from magnesium-deficient rats and magnesiumdeficiency-induced T-cell lymphoma
By R. Averdunkand T. Gunther
Institute for Clinical Chemistry and Institute for Molecular Biology and Biochemistry, Freie Universitat
Berlin

Zusammenfassung
In Thymozyten von Mg-arm emahrten
Ratten waren die Aktivitat von Phospholipase A 2 (gemessen an Hand der Freisetzung von inkorporierter 14C-Arachidonsiiure), die Aktivitat von Lysophosphatid-CoA-Acyltransferase (gemessen mit
Hilfe des Einbaus von 14C-Oisaure) und
die Aktivitat der Phosphatidylmethyltransferase (gemessen an Hand des Einbaus von 3H-Methylgruppen aus Methionin) urn 50- I00 % M her als bei normaten Thymozyten. Diese Ergebnisse lassen
sich mit der Ca2+.Abhangigkeit dieser
Enzyme und dem verstarkten Turnover
und der geanderten Verteilung des Ca2+
in Mg-Mangel-Thymozyten erklaren. Die
Phospholipase A2 und Acyltransferase
wurden in Mg-Mangelthymozyten durch
ConA weniger stimuliert als in normalen
Thymozyten. Als Ursache kommen die
erhohte Grundaktivitat und demzufolge
ein verringertes Substratangebot sowie
die verminderte Zahl von Con A-Rezeptoren in Frage. In den durch Mg-Mangel
erzeugten Lymphomzellen des Thymus
waren die Aktivitaten dieser Enzyme etwa so hoch wie in normalen Thymozyten.
Die Stimulierbarkeit des PhospholipidStoffwechsels durch ConA und die Anzahl der ConA-Rezeptoren war in den
Lymphomzellen niedriger als in normaten Thymozyten.

Summary
In thymocytes from Mg-deficient rats, the
activity of phospholipase A2, measured
by the release of incorporated 14C-arachidonic acid, the activity of lysophosphatide CoA acyltransferase, measured by incorporation of 14C-oleic acid, and the activity of phosphatidylmethyltransferase,
measured by incorporation of 3H.Jabelled
methyl groups from methionine, were
50- I 00% higher than in normal thymocytes. These results can be explained by
the Ca2+-dependency of these enzymes
and by the increased turnover and distribution of Ca2 + in Mg-deficient thymocytes. Phospholipase A2 and acyltransferase in Mg-deficient thymocytes were less
stimulated by Con A than in normal thymocytes. The reason may be the higher
basal activity and thus limited availabili-

ty of substrate and a reduced number of
Con A receptors. In Mg-deficiency-induced lymphoma of the thymus, unstimulated activities of these enzymes were
similar to those in normal thymocytes.
There was less Con A stimulation of PL
metabolism and fewer Con A receptors in
lymphoma cells than in normal thymocytes.

Resume
Dans les thymocytes de rats carences en
Mg l'activite de la phospholipase A2, mesuree par la liberation de l'acide arachidonique 14C incorpore, l'activite de la lysophosphatide CoA acyltransferase, mesuree par !'incorporation de l'acide oleique 14C et l'activite de le phophatidylmethyltransferase, mesuree par !'incorporation de groupes methyles marques par le
3H de la methionine s'avere 50 a lOO%
plus elevez que celle de thymocytes normaux. Ces resultats peuvent s'expliquer
par la Ca2+.dependance de ces enzymes
et le turnover accru et la distribution du
Ca2+ dans les thymocytes carences en
Mg. Phospholipase A2 et acyltransferase
des thymocytes carences en Mg sont
moins stimules par la Con A que les thymocytes normaux. La raison peut etre
une activite basale plus haute avec disponibilite limitee de substrat et nombre reduit de recepteurs pour la Con A. Dans le
lymphoma induit par carence magnesique du rat, les activites non stimulees de
ces enzymes sont identiques a celles de
thymocytes normaux. I1 y a une moindre
stimulation par la Con A du metabolisme
des PL et un nombre reduit de recepteurs
a la Con A dans les cellules lymphomateuses que dans les thymocytes normaux.

Abbreviations
PL
phospholipid
PC
phosphatidylcholine
PE
phosphatidylethanolamine
PI
phosphatidylinositol
PS
phosphatidylserine
LysoPC
lysophosphatidylcholine
ConA
concanavalin A
TCA
trichloroacetic acid

Introduction
Young rats chronically fed with a
Mg-deficient diet evidenced a reduction in the immunoglobulin
concentration in serum as well as
the stimulation of lymphocytes
by mitogens [3). For review see
[2]. About 15% of these rats developed a malignant T-cell lymphoma of the thymus [4). Mg-deficient thymocytes and lymphoma cells showed a change in
the cell membrane permeability
of Na +, K + and Ca2+ [1, 4) and
the intracellular Ca2+ -distribution [4]. The cellular concentration of Na+ and Ca2+ increases
[4]. An alteration of Ca2+ metabolism with an increase of intracellular Ca2+ concentration is
one of the early events in lymphocyte activation [18]. The activation of lymphocytes - as, for
example, by ConA - after receptor binding and the activation
of phospholipase C and diacylgycerol kinase lead to the formation of phosphatidic acid (particularly from PC or PI). Phosphatidic acid (or lysophosphatidic
acid formed by phospholipase
A2) may induce gating and influx
of Ca2+ [8]. Inositoltrisphosphate, produced by phospholipase C from PI, may also liberate
stored intracellular Ca2+ [10].
The simultaneously formed diacylgycerol may activate protein
kinase C [15]. The increased intracellular Ca2+ concentration
may stimulate phospholipase A2
[5, 8], a Ca2+-dependent enzyme
[ 19]. Phospholipase A2 releases
arachidonic acid from various
phospholipids (PC, PE and PI)
according to the cell type [7, 19)
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and thus regulates production of act. = 1 mCi!mmol, New Engprostanoids. It is possible that land Nuclear) in Hepes-buffered
PC, formed by methylation of PE RPMI 1640 medium, pH 7.4.
after ConA stimulation, may be After 3 hours, the cells were pelpreponderantly hydrolyzed by leted at 1500 g x 10 min at 4° C
phospholipase A2 [5]. However, and washed three times with cold
the latter result was doubted [7, RPMI 1640 medium. To measure
14].
release of 14C-arachidonic acid,
Methylation of PE may be a I x 107 cells/ml were incubated
consequence of the increased in prewarmed (37° C) RPMI
Ca2+ influx [6, 11]. There is evi- 1640 medium, containing 20 g/1
dence that Ca2+ regulates phos- defatted bovine serum albumin,
pholipid methyltransferase [11]. without or with 2 llg/ml ConA.
However, methylation may also After various times, as indicated
precede Ca2+ influx [5]. The ex- in Fig. 1, 0.5 ml cell suspension
act sequential relationship be- was centrifuged at 5000 g for
tween PL turnover and Ca2+ me- 1 min. The pellet and 0.3 ml of
the supernatant were taken for
tabolism remains unclear.
To explain the reduced func- measurement of radioactivity by
tions of the immune system in liquid scintillation counting. The
Mg deficiency, we tested whether results were expressed as resignal transmission and the reac- leased arachidonic acid in pertions of PL metabolism are cent of incorporated arachidonic
changed in Mg-deficient thymo- acid.
cytes and Mg-deficiency-induced
14
lymphoma cells. For this pur- Incorporation of C-oleate into
PC
and
PE
of
intact
cells
pose, we measured the effect of
ConA on oleate incorporation in 5 x 1Q7 lymphocytes were preinPL with intact cells and a mem- cubated in 2 ml RPMI 1640
brane preparation as well as the medium, buffered with 10 mM
effect of ConA on PL methyla- He pes pH 7.4 for 1 hour in the
tion (phospholipidmethyltrans- presence or absence of 2 llg
ferase) and on arachidonic acid ConA/ml. Thereafter, 10 nmol
release (phospholipase A2) in
these cells.
Methods

Female Wistar Rats, weighing
60 g, were fed an Mg-deficient
diet (Mg content: 3 mmollkg;
Ca content: 250 mmollkg; Ssniff
Co., Soest, F.R.G.) and distilled
water ad libitum for 10 weeks.
Control rats were fed the same
food supplemented with MgC1 2
to an Mg content of 80 mmollkg
dry weight.
Thymocytes were isolated by
sieving in RPMI 1640 medium
(Seromed, Munich, F.R.G.). The
various lymphoma cells were taken after 2- 3 intraperitoneal passages.
Determination ofphospholipase
A2

Thymocytes (108 cells/ml) were
incubated at 37° C with 1 lie
14C-arachidonic acid (specific
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I4C-oleate (spec. activity
1 mCi/mmol, New England Nuclear) in 10 ltl ethanol were added. After a further 1 h incubation
at 3r C, 5 ml of methanol, containing unlabelled PC, PI, PE,
PS and sphingomyeline, 100 llg
of each (Serva, Heidelberg,
F.R.G.), where added. The lipids
were extracted with chloroform :
methanol = 2:1 (V/V). The
phospholipids were separated by
thin-layer chromatography on
TLC silica gel 60 plates (Merck,
Darmstadt, F.R.G.) with chloroacid
form :methanol : acectic
50:
(99 %) :0.15 M NaCl
25 : 8 : 4 (V/V). The phospholipid spots were visualized by exposure to iodine vapor. For identification, pure phospholipids
were chromatographed on the
same plates. PC and PE were
scraped off and counted by liquid scintillation counting.
Determination ofacyl CoA: lysophosphatide acyltransferase
activity

8 x 1Q8 cells were incubated in
20 ml RPMI 1640 medium with
5 o/o fetal calf serum without or
with 2ltg ConA/ml for 1 hour at
%
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Fig. 1: Effect of Con A on phospholipase A2 activity in normal thymocytes and lymphoma cells (A) and in Mg-deficient thymocytes (B). Normal cells (o), normal cells
with Con A (e), Mg-deficient thymocytes (o), Mg-deficient cells with Con A (•), lymphoma cells ( t::. ), lymphoma cells with Con A ( .& ).
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37° C. Therafter, the cells were Buchler, Braunschweig, FRG) some preparation (Table 2).
resuspended in 10 ml 1 mM Tris~ after oxidation to 12 with chlor- Oleate incorporation into PC
Cl, pH 7.4, for 30 min at 4° C amine-T (Fluka AG, Buchs, was about three times higher
and disrupted by homogenisa~ Switzerland) according to Mc- than oleate incorporation into
tion in a Potter-Elvehjem with Conahey and Dixon [12]. The re- PE (Table 1) in accordance with
loose fitting pestle by 10 strokes. maining I 2 was reduced by so- the greater amount og PC in
The homogenate was centrifuged dium metabisulfite (Merck AG, membranes. The effect of CortA
at IO 000 g for 15 min. The super- Darmstadt, FRG) and removed was about 2-3 times more
natant, containing the membrane by dialysis. Aggregated ConA marked in the microsome preparfraction, was centrifuged at was removed by high-speed cen- ation than in intact cells. The adIOO 000 g for 1 hour. The pellet trifugation (25 000 gxl h). For dition of lysoPC may have overwas suspended in 2 ml 50 mM ConA-binding, 1.5 J..Lg I25I-la- come the restriction of enzymatic
potassium phosphate buffer, pH belled ConA (spec. activity = activity caused by limited sub7.4. The assay for measuring the 1011 cpm!J..Lmol) was added to strate availability. The rate of
enzymatic activity contained in 107 cells in I ml RPMI 1640 methyl incorporation into PC of
intact cells is not constant with
I mi phosphate buffer, pH 7.4:
medium.
60 nmol I ~palmitoyl~Sn-glyceroAfter incubation at 3r C for time. For a period of up to 10
3~phosphatidylcholine
(Sigma, 180 min, the cells were washed min, the rate was higher than aftMunich, F.R.G.)
three times with 5 ml cold RPMI er that time (Fig. 2), as found by
30 nmol 14C~oleoyl-CoA (spec. 1640 medium. Unspecific bind- others [ 16]. The incorporation of
activity = 50 mCilmmol, New ing was measured by parallel methyl groups was not signifiEngland Nuclear).
tests in the presence of 50 J..LM cantly stimulated by ConA.
The protein content of the as- a.-methyl mannoside. The rasays amounted to l 00 J..Lg. After dioactivity of the sedimented Mg-deficient thymocytes
an incubation of 10 min at 37° C, cells was counted in a y-counter In the thymocytes from Mg-defithe reaction was stopped by ad~ (Berthold Co., Wildbad, FRG). cient rats, the basal activity of
dition of l ml methanol.
The number ·of ConA binding phospholipase A2 is about 50%
The 14C-labelled phospholi- sites per cell was calculated higher, whereas the activity of
the ConA-stimulated phospholipids were extracted, chromato- using Loschmidt's number.
pase A2 is the same as in ConAgraphed and counted as desResults
cribed above.
stimulated normal thymocytes.
Protein was measured accordThus, the effect of ConA on
Normal thymocytes
ing to Lowry et al. [9].
phospholipase A2 in Mg-defiIn normal thymocytes, ConA sti- cient cells (factor 1.8) is less
Methylation ofphospholipids
mulates the release of incorporat- marked than in normal thymoed
J4C-arachidonic acid and thus cytes (factor 2.5) (Fig. 1).
Thymocytes (1.5 x 107 cells/ml)
phospholipase
A2 by a factor of
The same was found for the
were incubated in RPMI 1640
2.5
(Fig.
1).
Simultaneously,
the
14C-oleate
incorporation into PC
medium with 5 % fetal calf serum
of
I4C-oleic
acid
incorporation
of
intact Mg-deficient
and
PE
at 37° C for 2, 10 and 30 min;
after addition of 200 J..LCi 3H-L- into PC and PE is stimulated by cells. Unstimulated 14C-oleate inmethionine (spec. act.: 89 Cil ConA with intact cells (Table 1) corporation in Mg-deficient cells
mmol, NEN) and 2 J..Lg ConA/ as well as in PC with a micro- was 90 o/o higher and the effect of
ml, as indicated, 0.2 ml aliquots
were added to 0.5 ml ice-cold
10 % TCA, containing 10 mM Table I: Incorporation of 14C-oleate in PC and PE of intact normal and Mg-deficient
methionine. The suspension was thymocytes and intact lymphoma cells. The cells were incubated with 14C-oleate in
centrifuged at 10 000 g for 10 RPMI 1640 medium for 60 min at 37° C without or with 2 11g ConA/ml. Mean SD
min. The pellet was washed twice of 5 experiments. The factor of ConA stimulation is given in parentheses.
with TCA, containing methionMg-def.
Lymphoma
PhosphoNormal
Addition
ine. The phospholipids were exofConA
thymocytes
thymocytes
cells
lipid
tracted with chloroform/methanol 2/1 (V/V) and chromatocpm/ mg prot · h
graphed as described above. Ra1831 ± 192
3500±378
2746±307
PC
dioactivity was counted in a li3120±361
4593±537
3412±392
+
quid scintillation counter.

I

(1.7)

Number of ConA receptors
ConA (Pharmacia, Sweden) was
labelled with Nal25I (Amersham

PE

+

750±79
1349± 177
(1.8)

I

(1.3)

957 ± 105
1447±182
(LS)

(1.2)

1100± 158
1500±203
(1.3)
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ConA was likewise less pronounced than in normal cells (Table 1).
Measurement of acyltransferase activity in microsomes revealed a lower rate of 14C-oleate
incorporation in the preparation
of Mg-deficient cells and a reduced effect of ConA as compared with the preparation of
normal cells (Table 2), which indicates a smaller amount of acyltransferase. The higher activity of
acyltransferase in intact Mg-defi~
cient thymocytes shows that it is
operating at a higher level in
these cells.
Methyl incorporation was 80%
higher in intact Mg-deficient
cells than in normal cells and
was not significantly stimulated
by ConA (Fig. 2).
T-celllymphoma cells
Phospholipase A2 activity in lymphoma cells was only somewhat
higher than in normal thymocytes and only negligibly less stimulated by ConA (Fig. 1). An
analogous behavior is found for
14C-oleate incorporation in intact
lymphoma cells. Oleate incorporation into microsomes of lymphomas was about the same as
into the microsomes of normal
cells. However, ConA stimulation of 14C-oleate incorporation
was reduced as compared to controls (Table 1, 2). Methyl incorporation in lymphoma cells was
about the same as in normal cells
and not significantly increased
by ConA (Fig. 2).

Number of ConA receptors
To find an explanation for the
reduced effect of ConA in Mgdeficient and lymphoma cells,
the number of ConA binding
sites was measured. As shown in
Table 3, the number of ConA
binding sites was reduced by
l 0 % in Mg-deficient thymocytes
and by 20 % in lymphoma cells.

Addition
ofConA

As shown with normal thymocytes, ConA stimulation as a model for signal transmission is associated with an increase in both
phospholipase A2 and acyltransferase. Phospholipid methyltransferase was slightly but not
significantly increased. These results are in agreement with comparable findings of other authors
[5, 7, 8, 19]. However, there are
also contradictory results. Some
authors found no effect of ConA
on the methylation rate of phospholipids in mouse thymocytes
[14], whereas others found ConA
stimulation of methylation in human cells [16]. In mouse thymocytes, ConA had no effect on the
rate of arachidonic release [ 13];
whereas, in human blood lymphocytes, ConA stimulated the
release of arachidonic acid [ 13,
17]. Species (and methodological) differences and the inhomogeneity of the cell preparations
may be responsible for these discrepancies.
In intact Mg-deficient rat thymocytes, l. the basal turnover of

Normal
thymocytes

I

Mg-def.
thymocytes

I

Lymphoma
cells

nmol/mg prot · min

PC

+

2.67±0.31
12.34± 1.30
(4.6)

1.35±0.22
4.91 ±0.52
(3.6)

cpm
mg prot.

12000

10000

8000

6000

Discussion

Table 2: Activity of oleoyl-CoA: lysophosphatide acyltransferase. The cells were
preincubated without or with 2 J.tg ConA/ml in RPMI 1640 medium at 37° C for
60 min. After preincubation, microsomes were prepared and tested for acyltransferase
activity as described in Methods. Mean ± SD of 5 experiments. The factor of ConA
stimulation is given in parentheses.
Phospholipid
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2.03±0.29
3.04±0.31
(1.5)
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Fig. 2: Methylation of phospholipids in
normal and Mg-deficient thymocytes and
lymphoma cells. The same symbols as in
Fig. I were used.

phospholipids was increased,
and 2. the effect of ConA was reduced. These results may be explained by the changes in Ca2 +
metabolism in Mg-deficient rat
thymocytes. Phospholipase A2
and PL-methyltransferase are
Ca2 +-dependent enzymes; their
activities are enhanced when the
Ca2+ influx across the cell membrane, e.g. by A 23187, and the
cytosolic Ca2+ concentration are
increased [7, 8]. Both, Ca2+ influx and cytosolic Ca2+ concentration, may be increased in Mgdeficient rat thymocytes [4]. The
activation by Ca2+ of oleate incorporation in intact Mg-deficient cells is still higher, as can
be seen by comparing acyltransferase from microsomes with that
from intact normal and Mg-deficient cells, because the activity of
acyltransferase in the microsomes of Mg-deficient cells is
only half that of the microsomes
from normal cells.
There may be various reasons
for the decreased ConA-stimulation in Mg-deficient cells:
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l. The number of ConA-recep- Table 3: Binding of mr.labelled ConA
tors was reduced. However, to normal and Mg-deficient thymocytes
and to lymphoma cells. See Methods for
we cannot decide whether the experimental details. Mean ± SD of 3
small reduction in the number experiments.
of binding sites is sufficient
for explaining the lower
ConA molecules
bound per cell
ConA stimulation.
2. As the basal phospholipid turNormal thymocytes (6.02±0.108) x 106
nover is already enhanced, Mg-def. thymocytes (5.52±0.131) x IQ6
the additional increase by Lymphomacells
(4.64±0.121) x IQ6
ConA may be smaller because
of a non-linear correlation between PL and Ca2+ metabolism.
lated to a small degree. After a
3. In Mg-deficiency, the number
few intraperitoneal passages (4
of thymocytes is reduced by or more) none of the lymphomas
necrosis and phagocytosis [1 ]. were stimulated by ConA any
Thus, the cell population longer. The reduced stimulation
compared to that of normal may depend on the reduced
rats may have changed, result- number of ConA binding sites.
ing in different properties.
However, the subsequent reacThe altered PL metabolism in tions of signal transmission in
Mg-deficient thymocytes is irrev- the cell membrane after receptor
ersible during the experimental binding may also be abolished.
period, because the cells were incubated in RPMI 1640 medium
with normal Mg2+ concentrations. The sum of these alterations may explain the reduced
functions of the immune system
in Mg deficiency [2, 3].
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