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To activate adenylate cyclase, binding of the agonist with the corresponding receptor
and subsequent formation of a hormone—receptor-Ng-protein complex are essential. If GIP is
present in the medium this complex quickly breaks down and the .a-subunit of the Ng-protein
forms a complex with adenylate cyclase and activates it [1, 14]. 1In the absence of guanyl
nucleotides, however, the complex can be found on tlie basis of increased affinity for the
agonist.ﬁgpuring activation displacement of proteins of the adenylate cyclase system takes
place inthe membrane [2, 4, 13]. Effective transposition of proteins in the plane of the
membrane is effected in "liquid" (in the liquid-crystalline state) lipids. A change in the
fraction of "liquid" lipids will therefore lead to a change in the membrane fraction acces-
sible for transposition, i.e., it may cause a change in the macrostructure of the membrane.
It is thus important to determine whether changes in membrane macrostructure can modulate
the response of the adenylate cyclase system to the action of B-adrenergic agonists and, if
they can, within what limits. To classify drugs by effectiveness the concept of "intrinsic
activity" [3, 8], reflecting the effectiveness of similar. hormone-like substances relative
to that which exhibits maximal action, is used. Intrinsic activity of several B-adrenergic
agonists, assessed on the basis of the effectiveness of their activation of ademylate cy=- -
clase, is known to correlate with the ability of these agonists to induce the formation of
a triple complex: agonist—receptor—Ng-protein [91.

The aim of this investigation was to study correlation between changes in the ‘intrinsic
activity of the B-adrenergic agonist isoproterenol and the ability of B-adrenoreceptors to
form a triple high-affinity complex depending on a change in the fraction of "liquid" lipids
in the plasma membranes of rat reticulocytes.

EXPERIMENTAL METHOD

Induction of reticulocytosis by phénylhydrazine was carried out as described previously
{10, 13]. Incubation with phospholipase A;, treatment with bovine :serum albumin (BSA),
ans subsequent centrifugations followed the method in [2, 13]. The fraction of "liquid"
lipids in the membrane was determined by McComnel's method in the modification [15], using
the spin probe 2,2,6,6-tetramethylpiperidyl-l-oxyl (TEMPO). Binding of “H-dihydroalprenolol
(®H-DHA) with the plasma membranes was determined as described previously [13]; the ratio
of ‘the fractions of receptors in the composition of the high-affinity complex was determined
from concentration dependences of displacement of *H-DHA (2:010~° M) L-isoproterenol
("Sigma," USA). The displacement data were analyzed on the BESM-6 computer in accordance
with Feldman's mathematical model [6], allowing for nonspecific binding [7]. Adenylate
cyclase activity was determined by the method in [5], as described previously [13]. Protein

was determined by Lowry's method [12].

EXPERIMENTAL RESULTS

Hydrolysis of membrane phospholipids by phospholipase A, followed by removal of the
hydrolysis products from the membranes by incubation with BSA, purified from fatty acids,
led to extraction of some of the phospholipids. This modification of the membranes leads
to a marked decrease in the fraction of "1iquid" lipids [2, 13]. It has been shown that
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Fig. 1. Dependence of adenylate cyclase activity of reticulocyte
membranes on L-isoproterenol concentration. Abscissa, log of L-
isoproterenol concentration; ordinate, adenylate cyclase activity
(in fractions of maximal). 1) Control membranes; 2, 3, 4) membranes
with fraction of "liquid" lipids reduced by 30, 41, and 54% respec-
tively.

with a decrease in the fraction of "liquid" lipids in the membrane the ability of B-~adreno-
receptors to form complexes with high affinity for L-~isoproterenol is reduced. For instance,
whereas in the control the fraction of high-affinity complexes was 65%, with a reduction in
the contentof "liquid'" lipidsby 41 and 547%, their fraction fell to 34 and 10% respectively,
This is evidence of depression of the ability of the receptors to form the triple complex:
agonist—receptor—~Ng-protein.

Reduction of the "liquid" lipid fraction is accompanied by depression of hormonal ac-
tivation of adenylate cyclase (Fig. 1). Intrinsic activity of L-isoproterencl, estimated as
its ability to activate adenylate cyclase in the control membranes, was taken as 1. Maximal
activation of adenylate cyclase by L-isoproterenol in membranes with a reduced fraction of
"liquid" Jipids is therefore represented in Fig. 1 in units of intrinsic activity relative
to control membranes. Reduction of the fraction of "liquid" lipids is thus accompanied by a
fall in the intrinsic activity of L-isoproterenol.

The effect of treatment with phospholipase and BSA on functional integrity of the
components of the adenylate cyclase system was investigated. To do this, we studied in
particular binding of the labeled B-adrenergic antagonist ’H-DHA with receptors, and followed
it up with Scatchard plot analysis. It was found that neither the number of binding sites,
reflecting the number of B-adrenergic receptors in the membranes, nor the dissociation con-
stant of the antagonist—receptor complex changed within the limits of changes in the frac-
tions of "liquid" lipids tested. Adenylate cyclase activity, measured in the presence of
Mot ions, corresponds to activity strictly of a catalytic unit [11]. In the present in-
vestigations adenylate cyclase activity, measured in the presence of 20 mM MnCl,, was un-
changed by a decrease in the fraction of "liquid" lipids. Consequently, the catalytic pro-
teins of adenylate cyclase also remained functionally intact.

Integrity of proteins of the adenylate cyclase system and their potential ability to
form functional complexes after a reduction in the "liquid" lipid fraction in the membranes
were tested in experiments with preliminary incubation with L-isoproterencl and the non-
hydrolyzable GTP analog — guanylylimidodiphosphate (GIDP). Incubation with L-isoproterenol
in the absence of guanyl nucleotides leads to the formation of long-living triple complexes
in the membrane [1, 14]. After such preincubation, reduction of the "liquid" lipid fraction
was found not to depress the formation of functional triple complexes. If, however, the
membranes were incubated with isoproterenol and GIDP, stable complexes of Ng-protein with
the catalytic unit were formed [1, 14]. Adenylate cyclase activity in these preincubated
membranes, measured in the presence of GIDP, did not fall even at maximal degrees of reduc—
tion of "liquid" lipids. Consequently, a decrease in the fraction of "liquid" lipids leads
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Fig. 2. Correlation between changes in characteristic activity of
L-isoproterenol and number of B-receptors in composition of complexes
with high affinity for L-isoproterenol on a decrease in fraction of
"liquid" lipids. Abscissa, intrinsic activity of adenylate cyclase
(in fractions of maximal); ordinate, fraction of B-receptors in
composition of high-affinity complexes (7). Remainder of legend as
to Fig. 1.

to reduction of the membrane fraction accessible for protein transposition, while proteins
of the adenylate cyclase system remain functionally intact. Meanwhile the formation of
complexes from protein molecules is depressed, although the latter fully preserve their
potential capacity for functional interaction. Reduction of the "liquid" lipid fraction
causes a change in the properties of the membrane that are essential for interaction between
proteins undergoing transposition in it. As a result of the reduction of the membrane sur-
face fraction accessible for transposition of proteins below a threshold level (the percola-
tion threshold), the single continuous space (percolation cluster) breaks up into separate,
unconnected regions [2, 13]. This, in turn, leads to a disturbance of protein interaction.

Data illustrating correlation between reduction of the fraction of high-affinity com-
plexes and intrinsic isoproterenol activity associated with different degrees of reduction
of the "liquid" lipid fraction, are illustrated in Fig. 2: the dependence is linear and can
be extrapolated to the origin of coordinates.

With a decrease in the fractiom of "liquid" lipids in the membranes, intrinsic activity
of isoproterenol may thus decline virtually to nought. As Fig. 2 shows, these changes corre-
late directly with the ability of the agonist to induce agonist—receptorNg-protein complexes
in the membrane. Consequently, changes in the macrostructure of the cell membrane may con—
siderably modify the effectiveness of hormonal action.
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