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Abstract- Stereospecific binding sites for (-)-I-‘Hldihydroalprenolol, a fi-adrenergic antagonist, have been 
identified in guinea-pig myocardial cell membranes and lung tissue preparations. A close correlation between 
the abilities of /I-adrenergic antagonists to compete with labelled antagonist binding and to block the response 
of isoproterenol plus Gpp(NH)pt stimulated adenylate cyclase has been found. Equilibrium binding of (-)- 
[3Hidihydroalprenolo1 to binding sites of cardiac and lung tissue displays characteristics consistent with 
negative cooperativity among the DHA binding sites: Scatchard plots are curvilinear with upward concavity. 
The existence of site-site interactions of the negatively cooperative type was demonstrated directly by the 
ability of unlabelied (-)alprenolol to accelerate the dissociation of (--)-I “H ldihydroaiprenolol under 
conditions where rebinding of the radio&and does not occur. 

The pharmacological and physiological effects of fi- 
adrenergic receptor stimulation are consequences of 
drug receptor interactions at the molecular level. 

By the introduction of labelled /_I-adrenergic antago- 
nists it has become possible to characterize the /I- 
adrenergic receptor directly and to demonstrate its 
close connection with the adenylate cyclase [ l-41. In 
general these characteristics include the appropriate 
affinity, reversibility, specificity of binding and stereo- 
specificity as well as saturability of the binding sites. 
Furthermore, a recently observed site-site interaction 
among membrane bound receptors has caught the 
general interest. Limbird and Lefkowitz tS1 showed. 
by analysis of steady-state data for (-)- 
[3Hldihydroalprenolo1 binding to frog erythrocyte 
membranes, the existence of negative cooperativity, 
meaning a concentration dependent site-site interac- 
tion causing decreasing atlinity of the receptor for the 
drug at high drug or hormone concentrations. 

The dissociation of lZSI-insulin from its receptor (in 
human lymphocytes culture) in the absence and pres- 
ence of unlabelled insulin followed different kinetics. 
This has been taken as evidence for site-site interac- 
tions among insulin receptors, because the presence of 
unia~lled hormone increased the dissociation rate f 61. 
These changes in the states of insulin receptors might 
explain several pathophysiological conditions [ 71. 

It is the purpose of this study to examine the exist- 
ence of site-site interactions among DHA binding sites 
in mammalian cardiac and lung tissue. 

MATERIALS AND METHODS 

Materials. The chemicals used to assay adenylate 
cyclase were of analytical purity and were purchased 

* This study was supported by the Deutsche Forschungs- 
gemeinschaft (Er 65/ 1). 

Preliminary results were presented at the meeting of the 
European Society for Clinical Investigation, 1977. 

$ Abbreviations used are: Gpp(NH)p, S’-guanyiylimido- 
diphosphate; DHA, dihydroalprenolol; CAMP, cyclic adeno- 
sine 3’. 5’ monophosphate; STH, somatotropic hormone. 

from E. Merck, Darmstadt, Germany and Boehringer- 
Mannheim, Germany. (-)-[3H]dihydroalprenolol (sp. 
act. 32 Ci/mmole) was from NEN, Dreieichenhain, 
Germany. 

The following compounds were generous gifts from 
the respective companies: (-)-propranolol, 
(+)propranolol, (+)propranolol, (ICI-Pharma, Plank- 
stadt, Germany); (--)oxprenolol, (+ )oxprenolol, 
(+)oxprenolol (Ciba-Geigy, Wehr, Germany); (-)al- 
prenolol, (+ )alprenolol, (i_ )alprenoloi (Astra C hemi- 
cals, Wedel, Germany). 

Preporot~o~ of a crude ~e~brone fruct~o~. Male 
guinea-pigs (250-350 g) were decapitated; their hearts 
were quickly removed. and freed from connective tis- 
sue, atria and valves. The ventricles were dissected and 
washed free from blood. The washed ventricular tissue 
was minced and a crude membrane fraction was pre- 
pared as described by Drummond and Severson 181. A 
crude membrane fraction of lung tissue was prepared in 
the same way. 

For the adenylate cyclase assay the membranes were 
quickly frozen and stored at -40”. Protein was deter- 
mined by the method of Lowry et al. [91. 

banding assay. Membrane suspensions, freshly pre- 
pared (0.4-0.8 mg protein) were incubated at 37O in 
7.5 mM Tris-HCI, pH 7.4, 2.5 mM MgCl, with 
labelled p-receptor antagonists and various additions 
(final vol: 1 ml). At the given time, (usually 15 min) 
membrane bound and free ligands were separated by 
rapid filtration followed by two washes (10 ml each) on 
Whatman fiberglass filters (GF/C). Radioactivity on 
filters was determined by liquid scintillation counting 
(Insta Fluor, Fa. Packard). 

Unspecific binding was determined in the presence of 
unlabelled (-) and (+)alprenolol, lo-’ M. It amounted 
to about 50 per cent of maximal binding, as described 
by Krawietz and Erdmarm 1101. 

Adenykzte cyckzse assay. A two step incubation was 
~ployed for concentration-response curves. During 
the first step (15 min at 0°) myocardial membranes 
were preincubated in the absence of adenylate cyclase 
reagents with additions (agonists, antagonists and 



Gpp(NHfpi: aderiyiate eyclase reagents were added at 
the end of the preincubation and during the second step 
incubated at 3Y for IS min. The final ~on~ent~~~o~ of 
reagents was: MgCl,, i mM: creatinphosphate, 
8.7 mM; creatinkinase, SO U/ml; cyclic AMP, 1 mM; 
isobutylmethy~xanthine, 5.4 mM; Tris-HC1 buffer. 
pH 7.8, 50.5 mM; Ij’PIATP, 0.3 mM (2.5-50 c.p.m./ 
pmole). The final reaction volume was 60,ul and the 
concentration of myocardial membrane was kept be- 
tween 80 and 160 pg protein/60 $. The reaction was 
terminated and [32Pl~AMP was isolated as described 
by Satomon et af. i 111. Duplicates agreed within 7 per 
cent. The activity of adenylate cyclase is expressed in 
pmdes eAMP produced per mg of protein per 10 min. 

~j~~~~~~jo~~ kinelics. For these experiments the 
radioactive Iigand, usua$Iy 6.4 nM, was incubated with 
membranes (8.2 mg protein/ml) for IS min at 37* or 
25’. Ahquots of 100~1 each, containing the usual 
binding assay, were then transferred to a series of tubes 
that contained 10 ml of 7.5 mM Tris-NC1 and 2.5 mM 
MgCI,, pH 7.4, with or without 1O-6 M unlabelled 
(-)alprenolol at indicated intervals. 

Further dilution experiments showed that a dilution 
beyond 1:60 of the incubation medium was sufI?cient to 
prevent reassociation of radio&and. The iOO-fold ditu- 
tion empfoyed would be more than enough. At appro- 
priate intervals, two tubes from each set (with or with- 
out unlatched j-)atprenofol) were vacuum fiftered and 
the rad~~~t~v~ty was measured as described before. 
Paraliei experiments are performed with the same mem- 
branes heated for 23 hr at 37*. Binding to membranes 
prepared in this way has been proved to be unspecific 
[ IO]. This ‘unspecific binding’ was subtracted from the 
total amount of bound radioactivity in each experiment. 
The radioactivity bound to the membranes at different 
times was expressed as a percentage ofthe radioactivity 
at t=O (being defined as the time immediately after 
dilution). 

(a) CalcuIatians: K, vatues for @-receptor antag 
nists were catcuiated using equations given by Dixon 
and Webb i IZ]. Different concentrations ofthe antago- 
nist were tested in the presence of a constant concentra- 
tion of an agcxGS anb Iinear regression anaiysis was 
performed after transformative of the data f 141 into 

where 1’ is the response of adenylate cyclase in the 
presence of the agonist alone at concentration (A f with 
ba~f-maximal response at the concentration K,; Yj is the 
response in the presence of the /&receptor antagonist at 
the concentration I. and Ki is the concentration of the 
antagonist leading to SO per cent occupancy of the 
receptor. 

Ah experimems were performed in dupficate assays 
and at tea& twice. Tbe resnfts are uswlIy given as mean 
5 S.E.M. 

(b) To estimate the amount of binding sites and the 
dissociation constants, calculations according to Wei- 
demann et al. 1 13 1 were p~rf~~~d. The data were 
evaluated as follows: the reaction for binding is [RI + 
[L,] = IffLl; R= receptor, L= @and, RL-: receptor- 
hgand complex. 

By introducing the dissociation eonstants !K,I= [Rf 
IL l/!RL 1 and the total number of binding sites = R,, 

f&j = [R] + IfZj. one obtains for the concentration 
dependence: 

If there are two different binding sites R,‘, 17,” with two 
different dissociation constants K,>’ and K,” one ob- 
tains for the concentration dependence of the total 
binding: 

In this plot (2) a &ear relation should be obtained for a 
single binding site and a nonlinear relation for two or 
more binding sites. For the catculations a Hewiett- 
Packard HP 9830 computer progr~e was devel- 
oped, which fitted the experimenta! vaIues according to 
the Gauss-Newton iteration. 

RESULTS 

(-tlJFF]Dihydroalprenolo~ is used as a tracer for fl- 
adrenergie receptors in cardiac tissue I 14 i as well as in 
lung tissue. Ifincreasing concentrations ofunlabelled fi- 
adrenergic blocking agents are added to the incubation 
medium ~o~ta~uj~~ I .S nM (-j-f ‘H ~d~~ydroa~pr~~o~o~ 
and cardiac or lung tissue, a stereospecific inhibition of 
binding of the labelfed ~-adrenerg~~ antagonist can be 
demons~at~ by {+ f and (--)isomers {Figs. ta and 2a), 
The order of efhcacies of alprenoloi isomers in inhibit- 
ing binding of (-)-[‘H ldihydroalprenolol to its bind- 
ing sites in both tissues and those necessary for the 
inhibition of membrane bound adenylate cyclase activ- 
ity correlate well, as shown in Figs. 1 and 2. The 
calculated dissociation constants for (-)alprenolol 
binding to the receptor (KJ and the caIcu~ated iahibi- 
tion constants of the enzyme (Ki) are congruent (K, = 
Ki = 10-9 M) E 10, 12, 141. 

In the experiments depicted in Figs. lb and 2b the 
activity of the adenyfate cyclase is measured in the 
presence of ~-adreuer~i~ agonist and antagonist to- 
gether with Gpp~NH~- RecentIy, Howl& ef ai. t 151 
reported that nucleotides decrease the affinity of ,B- 
adrenergic agents to the fl-adrenergic receptor. These 
results could be confirmed in our laboratory in cardiac 
tissue ~~~~i~~~ pig. Therefore, the concentrative differ- 
ences at SO per cent inhibition of the adenylate cyclase 
and 50 per cent inhibition of antagonist-receptor bind- 
ing are caused by the combined stimulation of the 
adenylate cyclase by Gpp(NH)p and isoprotsenol. 
This phenomenon is caused by Gpp(NH)p and it may 
be one of the many, but only partly discovered, actions 
of this l~u~leotide f tt;t. The (-)isomers are about iOU- 
fold more potent than the (t Iisomers (similar results 
have been obtained with oxprenolo~ and propranolol). 

To determine the afI%&y of~-a~~er~~~ antagonists 
to the binding sites of cardiac and Iung tissue, steady- 
state binding experiments were performed. Labelled 
alprenolol in a concentration of 1.5 nM was added 
together with increasing amounts of the respective 
unlabelled drug to the membranes at 37*. The data 
obtained from these binding experiments are plotted 
according to Scatchard f 171 (Figs. 3 and 4). These 
experiments yield plots with upward concavity. With a 
computer programme (see Materials and Methods} it is 
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possible to calculate at least two types of alprenolol 
binding sites. From the two different slopes of the plots 
two different aflinities for the drug may be calculated 
with two different binding capacities (for data see Figs. 
3 and 4 and Table 1). In cardiac membranes (Fig. 3) a 
specific binding site R, with high affinity (KD’ = 
6 x lo+ M) for the drug has only a low binding capac- 
ity (R, = 0.18 pmoles/mg protein), in contrast to R, 
which has a high binding capacity (R2 = 22.8 pmoles/ 
mg protein) and a very low aflinity (KD” = 
4.3 x 10e6 M) in lung tissue (Fig. 4) a similar binding 

capacity of R, binding site (R, = 0.13 pmoles/mg 
protein) does exist with a high affmity (KD’ = 
3.3 x lo- M). 

The amount of R, binding sites differed in the two 
organs, however. This may be explained methodically, 
as evidenced in the Scatchard plot, because a slight 
deviation of the slope causes a large alteration in the 
intercept with the ordinate (i.e. the binding capacity 
[ 181. 

Hill plots of the same binding experiments con- 
stantly display slopes (nH) less than l(O.5-0.9) in each 
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Figs. la and 2a. Inhibition of (-)-[‘Hldihydroalprenolol binding to myocardial and lung tissue by 
(-)alprenolol (0 -O), (+)alprenolol (02) and (+)alprenolol (A -A). Membranes (cardiac 
tissue, lung tissue) were incubated with 7.5 mM Tris-HCl (pH 7.4), 2.5 mM MgCI, and 1.5 nM (-)- 
13HldihydroalprenoloI and the indicated concentrations of unlabelled alprenolol. Means of duplicate 

experiments. 



experiment (Figs. 3 and 4, inset). The Hill plot is tweet the existence of heeterogenous binding sites with 
assumed to render an index for ~oo~erativ~ty if other distinct affinities and the existence ofnegatively cooper- 
explanations can be exciuded. The slope (nH) is less ative site-site interactions. 
than 1 in cases of negative cooperativity but aiso in the Therefore, a direct kinetic approach designed by De 
case of heterogenity of binding sites [ 191. It is impossi- Meyts 1201 was applied in order to look for the exist- 
ble to discriminate by steady-state binding data be- ence of negatively cooperative interactions among the 
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Figs. lb and 2b. Inhibition of isoproterenol-Gpp(NH)p stimulated adenylate cyclase by the indicated 
concentrations of alprenolol. Isoproterenol concentration was 12.7 PM and Gpp(NH)p, 7 PM. Basal activity 
of adenylate cyclase of cardiac tissue (lb) was 594 pmoles/mg x 10 mm; maximally stimulated activity was 
3540pmoles/mg x 10 mm. Basal activity of adenylate cyclase of lung tissue (26) was 145 pmoles/ 
mg x 10 min; maximally stimulated activity was 635 pmoles/mg x IO min. The experimental points are 

mean values from duplicate experiments. 
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Fig. 3. Equilibrium binding of (-_)-13Hldihydroalprenolol to cardiac membranes. One half milligramme 
membrane protein was incubated with 1.5 nM (-)-13Hldihydroalprenolol with increasing concentrations of 
unlabelled (-)alprenolol at 37” for 15 min. Each value was determined in triplicate. The data are plotted 
according to Scatchard [ 171, as explained in Materials and Methods. Inset: the data plotted according to Hill 
(19 10). with a slope of nH= 0.85. Unspecific binding (as defined in Materials and Methods) is subtracted. 
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Fig. 4. Equilibrium binding of (-)-13Hldihydroalprenolol to lung tissue; methods as in Fig. 3. The data are 
indicative of negative cooperativity. 

Table I. Values of the dissociation constants (K,’ andKd”) and binding capacities 
(R, and R,) of cardiac and lung tissue for (-)-13H]dihydroalprenoiol 

Kd 
,I 

CM) KD R, 
(pmoles/mg prok) 

Cardiac tissue 6.0 x 1O-9 4.3 x 10-C 0.18 22.80 
Lung tissue 3.3 x 10-P 8.3 x lo-’ 0.13 5.86 
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Fig. 5. Dissociation kinetics of (-)-I ~H]dihydroalprenoiol in the absence (O--II) and presence (O-O ) of 
IV6 M unlabeiled (-)alprenolol at different temperatures and tissues. (a) Membranes of cardiac tissue 
(8.2 mg protein/ml) were incubated with (-)-I ‘Hldihydroalprenolol(6.4 nM) for 15 min at 25’. Aliquots of 
100 ~1 each containing the usual assay (see Materials and Methods) were transferred to a series of tubes that 
contained IO ml of 7.5 mM Tris-HC1, 2.5 mM MgCl,, pH 7.4, with and without 10eb M unia~iled 
(-)alprenolol at indicated intervals. The radioactivity bound to the membranes, expressed as percentage of 
the radioactivity at l=O, is plotted as a function of the time after the dilution of the membranes (t=O refers to 
the time immediately after 1: 100 dilution). Each point is the mean of duplicate determinations and specific 
binding (as defined in Materials and Methods) is subtracted. (b) Membranes of cardiac tissue were incubated 
for 15 min at 37”, further proceedings as in (a). (c) Membranes of lung tissue were incubated for 15 min at 

37”. further proceedings as in (a). 

DHA binding sites. The dissociation of labelled fi- 
adrenergic antagonists from their binding sites is en- 
hanced in the presence of IO-(! M unlabelled antagonists 
as compared with the dissociation rate by dilution of the 
incubation alone (Fig. 5a-c). The increased dissocia- 
tion rate indicates that after occupation of empty bind- 
ing sites (i.e. binding sites not filled by the low concen- 
tration of labelled P-blocking agent) the aflinity of the 
sites already occupied by the radioligands is decreased. 
The affinity constant is lowered with increased occu- 
pancy of the receptor population. This is usually re- 
ferred to as negative cooperativity [ 201. The process is 
temperature dependent. (Fig. 5a and b). Similar results 

are obtained by m~uring the dissociation kinetics of 
lung tissue in the same way. (Fig. 5~). 

The following control experiments were performed 
to demonstrate that the effect is not an artefact (Fig. 6) 
12 11. To exclude the possibility of rebinding of labelled 
P-adrenergic antagonists during the dissociation phase 
the incubated membranes were divided. To one half of 
the membrane preparation was added ~II equal aliquot 
of membranes which had not been exposed to the 
radioligand before. To the second half of the prepara- 
tion was added an equal volume of buffer. The two 
incubation media were then rapidly diluted in the pres- 
ence and absence of 10e6 M unlabelled (-)alprenolol. 
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Fig. 6. Effect of addition of untreated membranes (i.e. mem- 
branes without bound (-)-13Hldihydroalprenolol) on the 
dissociation rate of (-)-[3H]dihydroalprenolol. Membranes 
were incubated as described in Fig. 5. An equal aliquot of 
membranes (without bound (-)-[‘Hldihydroalprenolol) was 
then added to one half of the incubation volume; an aliquot of 
buffer was added to the other half. The two incubation media 
were then rapidly diluted in the presence and absence of 
10e6 M unlabelled (-)alprenolol (in the presence of 10m6 M 
(-)alprenolol: (A--A) membrane plus an aliquot of mem- 
branes; (A-A) membranes plus an aliquot of buffer, in the 
absence of 10m6 M (-)alprenolol; (Od) membrane plus 
an aliquot of membranes; (O---O) membrane plus an 
aliquot of buffer. This experiment demonstrates that no re- 
binding occurs. Each point is the mean of duplicate determi- 
nations and unspecific binding (as defined in Materials and 

Methods) is subtracted. 

The rate of dissociation of (-)-[3Hldihydroalprenolol 
was not affected by the addition of fresh membranes. 

If rebinding had occurred, this should have been 
magnified by the greater than 2-fold increase in unoccu- 
pied receptor concentration achieved by addition of 
fresh membranes (Fig. 6), which should then have 
resulted in increased radioactivity on the membranes. 
In order to demonstrate that there are no effects in- 
volved due to unspecific binding sites the experiments 
for dissociation kinetics were performed in parallel with 
membranes from cardiac and lung tissue heated at 3 7O 
for 23 hr. According to previous results demonstrating 
the absence of specific binding sites in these heated 
membranes [ 101, there was no difference between the 
dilution effect alone and dilution with additional 
10e6 M (-)alprenolol (Fig. 7). 

DISCUSSION 

Recently, hormone and drug binding sites have been 
characterized in membranes from different tissues and 
in several species. The characterization of specific /I- 
adrenergic receptors through the use of labelled p- 
blocking agents such as (-)-13Hldihydroalprenolol, 
[‘2511hydroxybenzylpindolol or (+)-13H]propranolol 
hydrochloride has been introduced by Lelkowitz et al. 
[2], Aurbach et al. [ 11 and Atlas et al. [221. Informa- 
tion on fi-adrenergic receptors has been accumulating 
since then 123-261. 

Lately, evidence has been obtained for negative 
cooperativity among binding sites located on the cell 
membranes [ 5 I, meaning that the afhnity of the receptor 
for the drug or hormone decreases with increasing drug 
or hormone concentration. Limbird et al. 12 1 I, who 
showed this ‘negative cooperativity’ of /I-adrenergic 
receptors in frog erythrocytes, proposed the following 
criteria for this phenomenon: ( 1) curvilinear Scatchard 
plot or slope of the Hill plot n,, < 1; (2) the presence of 
unlabelled hormones increases the dissociation rate; (3) 
the dissociation rate of the ligand-receptor complex is 
not affected by the addition of untreated membranes. 

Thus, there are two questions; firstly, can negative 
cooperativity also be found in P-adrenergic receptors of 
cardiac and lung tissue of mammalians? and secondly, 
is the effect measured an expression of specific binding 
sites? 

Negative cooperativity among binding sites has been 
suggested to exist for insulin receptors in rat liver 
membranes and cultured lymphocytes [61 and guinea 
pig liver membranes [271. In turkey erythrocytes 
[ 28, 291 there is apparently no such phenomenon with 
P-adrenergic receptors. Negative cooperativity among 
STH-receptors does not seem to exist either [ 61. These 
findings suggest that there are some drugs or hormones 
which induce negative cooperativity among their recep- 
tors in all tissues (insulin), some drugs or hormones 
which do not induce negative cooperative effects at all 
(STH) and some, which induce negative cooperativity 
only in certain species (P-adrenergic blockers in frog 
but not in turkey erythrocytes). Thus, negative cooper- 
ativity may reflect certain biological properties of mem- 
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Fig. 7. Dissociation kinetics of (-)-I 3H ldihydroalprenolol in 
the absence (02) and presence (0 -0) of lO-6 M 
unlabelled (-)alprenolol at unspecific binding sites. Mem- 
branes of cardiac tissue (8.0 mg protein/ml) were heated for 
23 hr at 37’; afterwards the denatured membranes were 
incubated with (-)-[3Hldihydroalprenolol (6.4 nM) for 
15 mm at 37’. Aliquots of 100 ~1 each containing the usual 
binding assay (see Materials and Methods) were transferred 
to a series of tubes that contained 10 ml of 7.5 mM Tris-HCl, 
2.5mM MaCI,. DH 7.4. with and without 10” M unlabelled 
(-)alprenGol at’indicated intervals. The radioactivity bound 
to the membranes, expressed in c.p.m., is not changedover the 
time with and without 10m6 M (-)alprenolol, and the values 
amounted to 50% of total binding. Means of duplicate 

experiments. 
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branes not present in all membranes. Our experiments 
performed with guinea pig cardiac and lung tissue fulfill 
the criteria of specific binding as defined by Lefkowitz 
[301 and Krawietz and Erdmann [ IO]. The mathemati- 
cal calculations of our binding experiments (see Table 1 
and Figs. 3 and 4) suggested two extreme conforma- 
tions of one binding site with very different dissociation 
constants. All values between those two are, however. 
possible and real. The low affinity and high capacity 
receptor R, in our experiments can be explained as the 
one extreme of the conformationally changed R ,-recep- 
tors caused by negative cooperative effects. Neverthe- 
less, our experiments demonstrate that binding of la- 
belled alprenolol to the DHA binding sites makes 
further binding of unlabelled alprenolol more difficult, 
and the apparent affinity decreases steadily with in- 
creasing fractional occupancy. De Meyts and Roth 
[ 3 11 propose calculations of the resulting affinity and 
occupancy of binding sites in a special way. The ‘unspe- 
cific binding’ in our experiments can be measured 
exactly (identical to the binding capacity of membranes 
heated for 23 hr at 37’ and not altered in different 
experimental conditions) [ 101. No negative cooperative 
effect is seen at unspecific binding sites either by dih- 
tion or by diluting and additional 10m6 M (-)alprenolol 
(Fig. 7) 161. The unspecific binding always determined 
in parallel with each membrane preparation was there- 
fore subtracted from the total amount of (-)- 
[‘H ldihydroalprenolol binding. 

In ouabain binding experiments with rat skeletal 
muscle cell membranes it has been shown that similar 
nonlinear Scatchard plots may result from a damaged 
membrane composition [321. Other reasons for such 
curvilinear Scatchard plots have been discussed as for 
instance, a ligand-ligand interaction. by Cuatrecasas 
and Hollenberg [ 331. Weiner and Jardetzky [341, how- 
ever, demonstrated that epinephrine and norepine- 
phrine did not polymerize at concentrations up to 
0.1 M. It is therefore not to be expected that unlabelled 
alprenolol would interact with labelled alprenolol in the 
low concentrations (lo-‘” - lo-’ M) used in these 
experiments. Furthermore, a heterogenity of labelled 
and unlabelled ligand I 3 5 1 has been refuted by chroma- 
tography. There was no difference between labelled and 
unlabelled alprenolol 1361. Thus, this pitfall may be 
excluded, too. 

All of our experimental results speak very much in 
favour of the existence of negative cooperative effects in 
Pmadrenergic receptors of guinea pig cardiac and lung 
tissue. Although the physiological role of negative 
cooperativity among receptor sites is still speculative 
1371, this phenomenon may provide for greater sensi- 
tivity to low concentrations of drugs or homones and 
may serve as a protective mechanism against acute and 
high elevations of these agents at the receptor sites. It 
might be that those hormones which are regularly 
secreted on acute demand within seconds and in excess 
(insuline, catecholamines) seem to induce negatively 
cooperative effects in their receptors, whereas other 
hormones (STH) act in a concentration-dependent way 
and do not show this peculiar phenomenon. Several 
possible mechanism have been proposed to explain 
these various cooperative effects. The most likely in- 
clude conformational changes in the structure of oligo- 
merit receptors, polymerization 1381 or depolymeriza- 

tion of receptors in the fluid membrane 1391 or a 
combination of these. 
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