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Phosphatidylserine (PS), phosphatidylinositol (PIN) or
phosphatidylglycerol (PGL) incubated with synaptosomal
plasma membranes (SPM) of dog brain, stimulated
adenylate cyclase. The enzyme activity showed a dramatic
increase at around 1.6 pmol PS/mg protein, while use of
higher concentrations led to inhibition of the activity with
respect to the maximal percentage of stimulation. More-
over, PS stimulated the dopamine-sensitive adenylate
cyclase. Solubilization of SPM by the detergent Lubrol-PX
did not affect the enzyme activation induced by dopamine.
The solubilization, also, showed that the enzyme activity
does not change at any PS, PIN or PGL concentration
used. These results indicate that acidic phospholipids do
not directly act on adenylate cyclase, but indirectly, affect-
ing the membrane fluidity probably. Such modifications of
interactions through lipid-protein(s) of adenylate cyclase
may have implications to physiological responses to
hormones or/and neurotransmitters in the central nervous
system.

A. Introduction

The most negatively charged phospholipids PS
and PIN, although they are in small amounts in
SPM [1], are involved in important physiological
processes in the central nervous system. PIN lipids
are well known to be involved in synaptic trans-
mission and their catabolism plays an important
and perhaps primary central role in the biochemical
events associated with physiological activity [2, 3].
Intravenous injection of a sonicated dispersion of
brain phospholipids results in a significant increase
of both the dopamine-sensitive adenylate cyclase
activity, and the cyclic AMP content of mouse brain
[4]. Under these experimental conditions, PS lipo-
somes stimulate the release of acetylcholine from rat
cerebral cortex [5] and the release of histamine from
mast-cells [6]. Moreover, PS vesicles. (liposomes)
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interact with biological membranes causing changes
of the membrane physicochemical properties [7].
Such alterations of the state of the bilayer evoke
several membrane linked events such as, modifica-
tions of the activities of membrane-bound enzymes,
e.g.  Na'",K*-ATPase, acetylcholinesterase and
adenylate cyclase [§—10].

This study was carried out in order to investigate:
a) whether PS only or other acidic phospholipids as
well, can induce changes in the activity of adenylate
cyclase, b) which is the mechanism of action of
these compounds.

B. Materials and Methods

Synaptosomal plasma membranes (SPM) from
dog brain were prepared and qualitatively assessed
as previously described [11]. Phosphatidylserine
(PS), Phosphatidylinositol (PIN) or Phosphatidyl-
glycerol (PGL) liposomes were prepared essentially
as previously described [12]. Incubations of SPM
with different concentrations of phospholipids-lipo-
somes were carried out for 3 h at 25 °C and then the
bound and free phospholipids were separated [9].
In the samples of bound phospholipids to SPM, the
protein content was determined by the Lowry
method as described by Miller [13] and then the
enzyme activity was determined. The chloroform
extracts of membrane-bound and free phospho-
lipids were chromatographed [1]. They moved
identically with those phospholipids alone, suggest-
ing no significant metabolic conversion under the
present incubation conditions.

Adenylate cyclase was assayed by incubating for
15min at 37°C 40 pg of SPM protein in medium
containing, to a total volume of 1 ml, 50 mM Tris-
HCl, pH7.4, 0.5mM ATP, 5mM MgSO,, 1 mMm
EDTA, SmMm theophylline, 5.6 mM phosphoenol-
pyruvate and 2.3 units (10 pg/ml) of pyruvate
kinase. The incubation reaction was stopped by
boiling the mixtures for 3 min and the amount of
cyclic AMP produced was determined by using
techniques described previously [11, 14].

Solubilization of the membranes was performed
using 0.5% w/v Lubrol-PX at 4°C for 4h under
magnetic stirring, in a medium 0.24 M Tris-HCI,
pH 7.4 and 8.4% w/v sucrose. After the solubiliza-
tion, the sample was centrifuged at 150000 x g for
1 h and the supernate contained solubilized adenylate
cyclase [15]. In the assay mixture of the enzyme,
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Table I. Effect of acidic phospholipids on adenylate
cyclase activity.

Preparation Membrane-bound  Solubilized

pmol cAMP
mg protein/min

Non-treated SPM 1102+ 44 60.0 = 2.4
(Control)

+0.1 mm DA 200.3 £ 10.4 6241 4.0
Phosphatidylserine 330.5 £ 23.1 70.9 = 3.5
+0.1 mm DA 720.0 £ 51.8 68.1 £ 4.5
Phosphatidylinositol 270.6 £ 16.2 65.7 + 4.1
Phosphatidylglycerol 300.8 £ 15.3 753+ 43

Values are means *S.D. of three independent experi-
ments. The average value of each experiment came from
duplicate determinations. Phospholipids-liposomes were at
concentration 1.5 pmol/mg protein in the incubation
medium. When dopamine (DA) was required, it was
added 10 min before enzyme incubation in the assay
medium (see Materials and Methods).

the detergent was in a final concentration less than
0.008%, which was not able to influence the mea-
surement of enzyme activity.

C. Results and Discussion

The data in Table I show the influence of acidic
phospholipids PS, PIN or PGL on the activity of
the adenylate cyclase. At concentration 1.5 umol/mg
protein, these phospholipids produced an important
stimulation of the entire activity, which disap-
peared in the experiments with solubilized enzyme.
The solubilization successed with the nonionic
detergent Lubrol-PX. Moreover, it was observed
that PS liposomes incubated with SPM resulted in a
dramatic increase in the activity of dopamine-sen-
sitive adenylate cyclase. Solubilization of SPM by
Lubrol-PX, however, did not affect the enzyme
activation induced by the dopamine (DA), indicat-
ing that its receptor may not be to bind ligands [16]
or/and not be found linked to others proteins of the
enzyme.

The enzyme activity exhibited an important
increase at around 1.6 pmol PS/mg protein, as can
be seen in the Figure I. Further increase of PS
concentration above this point, however, led to
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Fig. 1. Effect of different concentrations of phosphatidyl-
serine (PS) liposomes on the activities of SPM-bound
adenylate cyclase o——o and the solubilized one e—ae.
Points and bars represent means * S.D. respectively from
three different experiments. The average value of each
experiment came from duplicate determinations.

inhibition of the activity with respect to the maxi-
mal percentage of stimulation. No change in the
activity was found at any concentration of PS, when
liposomes were incubated with solubilized enzyme.

These results indicate that acidic phospholipids
do not act on adenylate cyclase directly, but in-
directly, affecting the membrane fluidity probably.
Changes in the viscosity of the membrane can affect
the conformation, rotation, diffusion and associa-
tion of enzyme proteins, and especially the ability of
hormone receptor(s) to bind ligands. The increased
activities of the adenylate cyclase achieved by low
concentrations of phospholipids (Fig. 1), presum-
ably due to a slight increase in fluidity of the mem-
branes resulting to an increase of the conformational
flexibility of the enzyme achieved by a relief of a
physical constraint imposed by the bilayer upon the
protein molecules. Further increases of the mem-
brane fluidity induced by high concentrations of
phospholipids, inhibit the activity, probably by
displacing annular lipids from around the protein
molecules [17]. In conclusion, modulation of SPM
architecture caused by changes in lipid fluidity by
acidic phospholipids, could affect the activities of
other membrane-bound enzymes and the binding of
neurotransmitters, events which could control the
synaptic transmission.
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