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of polyphosphoinositides in lymphocyte plasma membrane
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Inside-out vesicles from lymphocyte plasma membrane were phosphorylated in the presence of

[y-PPJATP. The dissociated catalytic subunit of cyclic AMP-dependent protein kinase stimulated both

membrane protein and membrape lipid phosphorylation, indicating the presence of a phosphorylation

cascade. The phosphorylated membrane lipids were analyzed by thin-layer chromatographyv. Increase of

3p.labelling stimulated by the cyclic AMP-dependent protein kinase was found exclusively in
polyphosphoinositides.

Cyclic AMP Protein kinase

1. INTRODUCTION

Cyclic AMP-dependent phosphorylation and
subsequent dephosphorylation is a well documen-
ted way of cellular regulation. In the initiation of
lymphocyte growth both cyclic nucleotides and cal-
cium ions have been implicated as second messen-
gers [1-3] and an attractive possibility is the invol-
vement of membrane phosphorylation in such re-
gulation [3-4]. The presence of cyclic AMP-
dependent and -independent protein kinases in
lymphocytes [5—6] and the activity of such
membrane-bound enzymes [7—8] have also been
positively established. In [9] we described the pre-
paration of sealed inside-out vesicles (I0Vs) from
the plasma membrane of human lymphocytes. We
report here that in this membrane preparation, the
catalytic subunit of cyclic AMP-dependent protein
kinase stimulated both protein and lipid phospho-
rylation indicating the presence of a phosphorylati-
on cascade. The observed increase in lipid phos-
phorylation was due to the formation of polyphos-
phoinositides from phosphatidylinositol.
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2. EXPERIMENTAL

Plasma membrane I0Vs were prepared from
Iymphocyies {9] and from red blood cells {10]. The
percentage of sealed IOVs was 75—78 in the case of
red cell and 30-35 in the case of lymphocyte
membrane.

The dissociated catalytic subunit of cyclic AMP-
dependent protein kinase was prepared from calf
thymus extract. The extract was incubated in the
presence of cyclic AMP and DEAE-cellulose chro-
matography was carried out in the presence of cy-
clic AMP as in [11]. Fractions containing the disso-
ciated catalytic subunit were pooled and applied
onto a phosphocellulose column. Elution was per-
formed using NaCl concentration gradient in
10 mM potassium phosphate (pH 7.5). The cataly-
tic subunit eluted at about 0.2 M NaCl. The spec.
act. of the preparation obtained was about
60 nmol phosphate transferred X min~'/mg pro-
tein when measured with H2b histone as substrate.

Incubation media for phosphorylation contai-
ned 100 mM KCl, 25 mM Tris—HCl (pH 7.5),
2.5 uM [y-**P]JATP (spec. act. 0.7 TBg/mmol),
about 0.04 mg enzyme protein and 0.5-0.6 mg
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membrane (0.25-0.3 mg membrane protein) per
mi medium. Membrane phosphorylation was mea-
sured by precipitating and washing the incubated
membranes in trichloroacetic acid + ATP + P;
containing media and counting liquid scintillation
as in [12].

Lipid extraction was performed as in [13). Preci-
pitated and washed membrane pellet was dissolved
in 6 ml of chloroform-—-methanol—-HCl
(200: 100:0.6) solution and a 1-ml aliguot was ta-
ken to measure total ?P-labelling. The remaining
solution was mixed with 1 ml of 0.16 M NaCl sha-
ken for 2 min at 25°C and then cenirifuged for
10 min at 3000 x g. The upper phase and the inter-
0.25phase precipitate were removed. **P activity
was measured in a 1 -ml aliquot of the organic
phase and after corrections for the volume changes
this is referred to as activity in membrane lipids.
The difference between the total activity and the
activity of the lipid fraction is referred to as activi-
ty in membrane proteins.

Thin-layer chromatography of polar {phospho}
lipids was performed on silica gel 60 (10 X 20 cm})
precoated plates {Merck) in a solvent system of
chloroform—aethylacetate—n-propanol—methanol
-0.25% KCI (10:10:10:13:5.5). Authentic ref-
erence compounds {phosphatidic acid,
phosphatidylinositol, diphosphoinositide and tri-
phosphoinositide, extracted brain lipids) were run
parallel. Chromatograms were scanned by a
Bertold-Diinnschicht Scanner II (speed: 60 cm/h;
sensitivity: 1000 Kepm; slit: 1 mm) and visualised
by phosphomolibdenic acid staining.

The heat-stable inhibitor protein of cyclic AMP-
dependent protein kinase was purified as in {141

3. RESULTS AND DISCUSSION

Inside-out vesicles from both red cell membra-
nes and lymphocyte plasma membranes are rapidly
phosphorylated in vitro by [y-*?P]ATP. In lym-
phocyte membranes 2P incorporation was linearly
proportional to the concentration of ATP between
0.2-5 xM, Mg concentration dependence showed
saturation with a Ky, of 5-8 mM. As shown in
fig.1a, the addition of the dissociated catalytic sub-
unit of cyclic AMP-dependent protein kinase
almost doubled the amount of phosphate incorpo-
ration in lymphocyte IOVs, while in red cell mem-
brane vesicles the effect of the catalytic subunit
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Fig.1. Effects of the catalytic subunit of cyclic AMP-
dependent protein kinase on membrane
phosphorylation. (a) **P incorporation into plasma
membrane inside-out vesicles. Red ceil membrane 10Vs
incubated in the absence (O---0) and presence ()
of the catalytic subunit; lymphocyte membrane IQVs
incubated in the absence (O---0) and presence (#——e)
of the catalytic subunit. Data from one of 3 similar
experiments. {b) Protein and lipid phosphorylation in
lymphocyte membrane  inside-out  vesicles. VP
incorporation into membrane proteins in the absence
{O---0} and presence {e——a) of the catalytic subunit;
*2p incorporation into membrane lipids in the absence
{a---2) and presence (&) of the catalytic subunit,
The figure shows data from one of 3 similar
experiments.
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was insignificant. In red cell membranes there was
no measurable dephosphorylation in the 20 min in-
cubation period, while in lymphocyte membranes
32p_Jabelling significantly decreased after the first
1-2 min of incubation at 37°C. The rate of de-
phosphorylation was greater if ATP concentration
was smaller or lymphocyte membrane concentra-
tion was greater; most probably dephosphoryla-
tion became predominant after ATP had been con-
sumed. Here we have to note that phosphorylation
of lymphocyte membrane vesicles was not signifi-
cantly stimulated either by the addition of cyclic
AMP-independent protein (Ser-X-Lys} kinase
[5,15], or by various casein kinases prepared from
lymphoid tissues [6]. In lymphocyte IOVs the
characteristics of membrane phosphorylation and
its stimulation by the catalytic subunit of cyclic
AMP-dependent protein kinase were not changed
if the IOVs had been washed 3-times with 10 mM
Tris—HCI (pH 7.5) or with a 10 mM Tris—HCl (pH
7.5) + 0.5 mM EDTA solution. This latter finding
indicates the involvement of membrane-bound en-
zymes and substrates in this process.

Fig.1b shows the distribution of *’P label be-
tween lymphocyte membrane proteins and lipids,
after phosphorylation either in the absence or
presence of the catalytic subunit of cyclic AMP-
dependent protein kinase. Protein phosphoryla-
tion was predominant at the beginning of the reac-
tion, while the labelling of membrane lipids be-
came more pronounced after 1-2 min of incuba-
tion. Significant protein dephosphorylation could
be observed in these studies, while lipid dephos-
phorylation was insignificant. An impressive find-
ing is that the catalytic subunit of cyclic AMP-
dependent protein kinase stimulated both protein
and lipid phosphorylation, although the action of
this enzyme is specifically restricted to certain pep-
tide regions of proteins [16]. Thus we have to sup-
pose a specific phosphorylation and activation of
membrane enzymes which in turn phosphorylate
lipids in this preparation. As shown in table 1, the
addition of purified heat-stable inhibitor protein
[14] of the cyclic AMP-dependent protein kinase
antagonized the stimulation of both membrane
protein and lipid phosphorylation, while it did not
alter the basal value.

SDS—polyacrylamide gel electrophoresis of the
phosphorylated lymphocyte membrane proteins
yielded several labelled bands, as in [7,8,17], and
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Table 1

Effects of the catalytic subunit of cyclic AMP-dependent

protein kinase and its heat-stable protein inhibitor {14}

on the phosphorylation of lymphocyte membrane inside-
out vesicles

Additions 32p incorporation
into membrane
Lipid Protein

None i18.4 8.0
Inhibitor 17.2 7.3
Catalytic subunit 38.8 14.2
Catalytic subunit +

inhibitor 19.4 8.5

32p incorporation into membrane is expressed as pmol

phosphate/mg membrane lipid or protein. The

incubation period was 5 min. Data from one of 3 similar
expts

the addition of the catalytic subunit of cyclic
AMP-dependent protein kinase increased 3P in-
corporation in at least 3 bands (not shown).
Extracted membrane lipids were analysed by
thin-layer chromatography (fig.2). Some degrada-
tion products remained at the start in each case. In
red cell membranes the label was found in the posi-
tion of polyphosphoinositides as in {12] and it did
not change in the presence of the catalytic subunit,
In lymphocyte membranes one more labelled frac-
tion was demonstrated in the position of phospha-
tidic acid, in addition to polyphosphoinositides.
However, increase of *2P-labelling, stimulated by
the catalytic subunit was found exclusively in the
position of polyphosphoinositides; while the label-
ling of the precursor molecules was not affected.
Identical pattern was obtained also in another thin-
layer chromatography system as in {18]. Though
on the basis of our present experiments we cannot
tell whether the phosphatidylinositol kinase or the
phosphatidylinositol-4-phosphate kinase, or both,
were activated, the lymphocyte membrane lipid
phosphorylation stimulated by cyclic AMP-
dependent protein kinase is obviously due to the
formation of polyphosphoinositides.
Phosphatidylinositol metabolism and polyphos-
phoinositides have been suggested to play some
role in the transducing mechanism of several hor-
mones using calcium as second messenger [19-21].
ACTH or cyclic AMP have been found to increase
the diphospho- and triphosphoinositide content of
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Fig.2. Radiodensitometric scanning of phosphorylated
membrane lipids separated by thin-layer
chromatography. Human erythrocyte membrane 10Vs
(a) were incubated in the absence, and lymphocyte
membrane IOVs were incubated in the absence (b) and
presence (¢) of the dissociated catalytic subunit of cyclic
AMP-dependent protein kinase. (PA: phosphatidic acid;
PPI: diphosphoinositide and triphosphoinositide.) The
figure shows the result of one of 3 similar experiments.

rat adrenal sections in the presence of Ca’** [22],
but the increased synthesis of the precursor phos-
phatidylinositol has been considered to be respon-
sible for this effect [23]. The lymphocyte membra-
ne preparation used in our experiments is probably
depleted from the enzymes and cofactors of phos-
phatidylinositol synthesis. The calcium and cyclic
AMP messenger systems are intimately interrelated
[24,25]. The formation of polyphosphoinositides
may also represent a possible mechanism for this
interaction.
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