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Phosphatidylserine (PS), phosphatidylinosito l (PIN ) or 
phosphatidylglycerol (PG L) incubated with synaptosom al 
plasma m em branes (SPM ) o f dog brain , stim ulated  
adenylate cyclase. The enzyme activity show ed a d ram atic  
increase at around 1.6 nmol PS /m g protein, w hile use o f 
higher concentrations led to inhib ition  o f the activity w ith 
respect to the m aximal percentage o f  stim ulation. M ore­
over, PS stim ulated the dopam ine-sensitive adenylate 
cyclase. Solubilization o f SPM by the detergent L ubrol-PX  
did not affect the enzyme activation induced by dopam ine. 
The solubilization, also, showed that the enzym e activity 
does not change at any PS, PIN or PG L  concentration  
used. These results indicate that acidic phospholip ids do 
not directly act on adenylate cyclase, but indirectly, affect­
ing the m em brane fluidity probably. Such m odifications o f 
interactions through lipid-protein(s) o f adenylate cyclase 
may have implications to physiological responses to 
hormones o r/and  neurotransm itters in the central nervous 
system.
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A. Introduction

The most negatively charged phospholip ids PS 
and PIN, although they are in small am ounts in 
SPM [1], are involved in im portan t physiological 
processes in the central nervous system. PIN lipids 
are well known to be involved in synaptic trans­
mission and their catabolism  plays an im portan t 
and perhaps prim ary central role in the b iochem ical 
events associated with physiological activity [2, 3]. 
Intravenous injection of a sonicated dispersion of 
brain phospholipids results in a significant increase 
of both the dopam ine-sensitive adenylate cyclase 
activity, and the cyclic AMP content o f m ouse brain  
[4], Under these experim ental conditions, PS lipo ­
somes stimulate the release o f acetylcholine from  rat 
cerebral cortex [5] and the release o f histam ine from 
mast-cells [6], M oreover, PS vesicles (liposom es)
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interact with biological m em branes causing changes 
of the membrane physicochem ical p roperties [7], 
Such alterations of the state o f the b ilayer evoke 
several membrane linked events such as, m odifica­
tions of the activities o f m em brane-bound enzymes, 
e.g. N a+,K+-ATPase, acetylcholinesterase and 
adenylate cyclase [8 -  10].

This study was carried out in o rder to investigate: 
a) whether PS only or other acidic phospholip ids as 
well, can induce changes in the activity o f adenylate 
cyclase, b) which is the m echanism  o f action o f 
these compounds.

B. Materials and Methods

Synaptosomal plasm a m em branes (SPM ) from  
dog brain were prepared and qualita tively  assessed 
as previously described [11]. P hosphatidylserine 
(PS), Phosphatidylinositol (PIN) or P hosphatidy l­
glycerol (PGL) liposomes were prepared  essentially 
as previously described [12]. Incubations o f SPM  
with different concentrations o f phospholip ids-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 phospholip ids to SPM, the 
protein content was determ ined by the Lowry 
method as described by M iller [13] and then the 
enzyme activity was determ ined. T he chloroform  
extracts o f m em brane-bound and free phospho ­
lipids were chrom atographed [1], They m oved 
identically with those phospholip ids alone, suggest­
ing no significant m etabolic conversion under the 
present incubation conditions.

Adenylate cyclase was assayed by incubating  for 
15 min at 37 °C 40 (ig o f SPM pro tein  in m edium  
containing, to a total volum e o f 1 ml, 50 m M Tris- 
HCl, pH 7.4, 0.5 mM ATP, 5 mM  M g S 0 4, 1 m M  

EDTA, 5 mM theophylline, 5.6 m M  phosphoenol- 
pyruvate and 2.3 units (1 0 |ig /m l) o f pyruvate 
kinase. The incubation reaction was stopped by 
boiling the mixtures for 3 m in and the am ount o f 
cyclic AMP produced was determ ined  by using 
techniques described previously [11, 14],

Solubilization of the m em branes was perform ed 
using 0.5% w/v Lubrol-PX at 4 ° C  for 4 h  under 
magnetic stirring, in a m edium  0.24 m Tris-H C l, 
pH 7.4 and 8.4% w/v sucrose. A fter the so lubiliza­
tion, the sample was centrifuged at 150 0 0 0 x #  for 
1 h and the supemate contained solubilized adenylate 
cyclase [15]. In the assay m ixture o f the enzym e,
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Table I. Effect of acidic phospholip ids on adenylate 
cyclase activity.

Preparation M em brane-bound Solubilized

pm ol cAM P 

mg p ro te in /m in

Non-treated SPM 110.2 ±  4.4 60.0 ±  2.4
(Control)
+  0.1 m M  DA 200.3 ±  10.4 62.4 ±  4.0

Phosphatidylserine 330.5 ±  23.1 70.9 ±  3.5
+  0.1 m M  DA 720.0 ±  51.8 68.1 ±  4.5

Phosphatidylinositol 270.6 ±  16.2 65.7 ±  4.1

Phosphatidylglycerol 300.8 ±  15.3 75.3 ±  4.3

Values are means ± S .D . o f three independent experi­
ments. The average value o f each experim ent cam e from  
duplicate determ inations. Phospholip ids-liposom es were at 
concentration 1.5 nm ol/m g protein in the incubation  
medium. W hen dopam ine (DA) was requ ired , it was 
added 10 min before enzyme incubation  in the assay 
m edium  (see M aterials and M ethods).

the detergent was in a final concentration  less than  
0.008%, which was not able to influence the m ea­
surement o f enzyme activity.

C. Results and Discussion

The data in Table I show the influence o f acidic 
phospholipids PS, PIN or PG L  on the activity o f 
the adenylate cyclase. At concentration 1.5 pm ol/m g 
protein, these phospholipids produced an im portan t 
stimulation of the entire activity, w hich d isap ­
peared in the experim ents with solubilized enzyme. 
The solubilization successed w ith the nonionic 
detergent Lubrol-PX. M oreover, it was observed 
that PS liposomes incubated w ith SPM  resulted in a 
dram atic increase in the activity o f dopam ine-sen­
sitive adenylate cyclase. Solubilization o f SPM  by 
Lubrol-PX, however, did not affect the enzym e 
activation induced by the dopam ine (DA), ind ica t­
ing that its receptor may not be to b ind ligands [16] 
or/and not be found linked to others proteins o f the 
enzyme.

The enzyme activity exhibited an im portan t 
increase at around 1.6 pm ol P S /m g protein , as can 
be seen in the Figure 1. F u rthe r increase o f PS 
concentration above this point, how ever, led to

P S , mmo l e s /m g  protein

Fig. 1. Effect of different concentrations o f phosphatidy l- 
serine (PS) liposomes on the activities o f SPM -bound
adenylate cyclase o------o and the solubilized one • ----- • .
Points and bars represent m eans ± S .D . respectively from  
three different experiments. The average value o f each 
experiment came from duplicate determ inations.

inhibition of the activity with respect to the m ax i­
mal percentage of stim ulation. N o change in the 
activity was found at any concentration o f PS, w hen 
liposomes were incubated with solubilized enzyme.

These results indicate that acidic phospholip ids 
do not act on adenylate cyclase directly, b u t in ­
directly, affecting the m em brane fluidity probably. 
Changes in the viscosity o f the m em brane can affect 
the conformation, rotation, d iffusion and associa­
tion of enzyme proteins, and especially the ab ility  o f 
hormone receptor(s) to bind ligands. The increased 
activities of the adenylate cyclase achieved by low 
concentrations of phospholipids (Fig. 1), p resu m ­
ably due to a slight increase in fluidity  o f the m em ­
branes resulting to an increase o f the conform ational 
flexibility o f the enzyme achieved by a re lief o f a 
physical constraint im posed by the b ilayer upon the 
protein molecules. F urther increases o f the m em ­
brane fluidity induced by high concentrations o f 
phospholipids, inhibit the activity, probably  by 
displacing annular lipids from around the pro tein  
molecules [17], In conclusion, m odulation  o f SPM  
architecture caused by changes in lip id  fluidity  by 
acidic phospholipids, could affect the activities o f 
other m em brane-bound enzymes and the b ind ing  o f 
neurotransmitters, events which could control the 
synaptic transmission.
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