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SUMMARY

Many tissues, including lung, heart, and brain, have been shown to contain , and

beta2-adrenergic receptor subtypes. This raises the question of whether receptor subtype
heterogeneity corresponds to cell type heterogeneity within the tissue, or whether beta,-

and beta2-receptors can coexist in the same cell. We have shown, by both radioligand
binding studies and adenylate cyclase experiments, that these two receptor subtypes
coexist in C6 cloned glioma cells and in three derived subclones. Competition experiments
in binding and adenylate cyclase assays were conducted using membranes of C6 glioma
cells and of three derived subclones. When [3H]dihydroalprenolol was used as the

radioactive ligand, graphic and computer analysis of the competition binding curves

obtained with beta,- or beta2-specific drugs always indicated a heterogeneity of beta-
adrenergic receptors. For C6 glioma cell membranes, computer analysis indicated the

presence of 80-90% betai-receptors and 10-20% beta2-receptors. The same results were
obtained with the three subclones. Analysis of the curves for the inhibition of isoproter-
enol-stimulated adenylate cyclase by practolol, a beta ,-selective antagonist, showed the

presence of two components. The heterogeneity of these practolol inhibition curves
indicated that both types of beta-adrenergic receptors are coupled to the cyclase. Analysis
of the dose-response curves of adenylate cyclase activation obtained with specific beta2-

agonists also showed a heterogeneity of the response. This finding suggested that
occupation of the beta2-receptors by a beta2-agonist was responsible for most of the

cyclase activation and also that occupation of beta,-receptors by such an agonist can lead
to stimulation of the enzyme but with a less efficient coupling. In conclusion, both betai-
and beta2-adrenergic receptors coupled to adenylate cyclase can coexist on a single cell.

INTRODUCTION

Lands et al. (1) were the first to describe, from physi-
ological studies, two subtypes of beta-adrenergic recep-
tors. Beta-adrenergic responses are classified as , if
epinephrine and norepinephrine are equipotent. Such
responses, for instance, have been observed in heart (2),
adipose tissue (3), and cerebral cortex (4). Beta2-adre-
nergic responses are characterized by a higher potency
of epinephrine than of norepinephrmne, and have been
reported in liver (5), lung (6), muscle (1), and frog eryth-
rocytes (7).

It is now possible to determine the relative proportions
of beta,- and beta2-receptors in a given tissue (8). This
can be done by graphic (4, 9) or computer analysis (6, 10)
of the data reflecting competition for binding between a
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labeled nonselective beta-adrenergic antagonist and

beta-adrenergic ligands with selective affinity for one
receptor subtype.

The presence of beta, and beta2-receptor subtypes in
a tissue could be interpreted in one of two ways: either
each receptor subtype is present on a different cell pop-
ulation within the tissue, or a single cell type contains
both receptors. As far as we know, this important ques-
tion has not yet been answered. Furchgott and Wakade

(1 1) have shown in guinea pig tracheal smooth muscle
that both beta,- and beta2-adrenergic receptors are im-
plicated in the contractile response. However, these stud-

ies did not demonstrate that both receptors are on the
same smooth muscle cell type.

We recently showed that primary cultures of glial cells,
96% of which were astrocytes, contained both beta,- and

beta2-adrenergic receptors (12). Although this might in-
dicate that both of these receptors are located on a single
cell, we cannot rule out the possibility that two astrocyte
cell populations are present in these cultures. We there-
fore examined this problem in homogeneous populations
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in which Y is the specifically bound [3H]DHA and F is
the free concentration of [3H]DHA. Under our experi-

mental conditions, because of the low receptor concen-
tration, the free concentration can be considered equal
to the total concentration. At 8 flM [3H]DHA, in the

presence of 30 �tg of membrane in 50 jzl, less than 3% of
ligand is bound to the receptors. lID is the dissociation
constant of [3H]DHA for the two receptor subtypes (ex-

perimentally determined), I is the concentration of the
competing ligand, N, and N2 are the respective concen-
trations of beta, and beta2-adrenergic receptor subtypes,

and KD and KD, are the respective dissociation constants
of the competing ligand for these two receptor subtypes.

b. For inhibition of the isoproterenol-stimulated ade-

F
Y = N, � � KAapp(1 + I/Kj) (2)

in which Y is the adenylate cyclase minus basal activity,
F is the isoproterenol concentration (i0� M), KA, ,, the
apparent activation constant of isoproterenol for ac�eny1-

ate cyclase, I is the concentration of the antagonist, N,

and N2 are the respective maximal activities of beta,-

and beta2-adrenergic-sensitive adenylate cyclases, and
K1 and K19 are the respective adenylate cyclase inhibitory
constants of the antagonist.

c. For adenylate cyclase dose-activation curves:

Y = N1 F + KAapp � N2 F + KA 2

in which Y is the adenylate cyclase minus basal activity,

F is the free agonist concentration, N, and N2 , are the
respective maximal activities of beta, and beta2-adrener-
gic-sensitive adenylate cyclases, and , and KA, p2

are the respective apparent activation constants of the
agonist for beta,- and beta2-adrenergic-sensitive adenyl-
ate cyclases.

We assumed that the system contained only two beta-

adrenergic receptor subtypes and that drug-receptor in-
teractions followed simple mass-action kinetics. Minne-
man et al. (6) gave good arguments in favor of both of

these assumptions. Our earlier demonstration that, in C6
glioma cell membranes, both [3H]DHA binding and iso-
proterenol stimulation followed simple mass-action ki-

netics (17) was essential for the present investigation.

Using the “extra sum of squares” principle as applied
by de Lean et al. (18) the goodness of the fit was evalu-
ated between a model having only one receptor subtype
and a model having the two beta, and beta2-receptor
subtypes. Fisher’s coefficients (F) and probability error
levels (p ) are given from computer analysis of nontrans-

formed data.

Graphic analyses were shown to give only a better
(1) visualization of the heterogeneity of the beta-adrenergic

receptors, all parameter values arising from computer

analysis.
Chemicals. [3H]DHA was purchased from New Eng-

land Nuclear Corporation (Boston, Mass.); (-)-Isopro-
terenol and (-)-norepinephrine were obtained from

+ N2
F

F + KD(1 + I/lCD2)
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.5 The abbreviation used is: [‘H]DHA, (�)[3H]dihydroalpreno1ol.

of glial cells, the C6 glioma cells and three derived sub-
clones.

The following analyses were used to detect the possible
presence of both beta,- and beta2 subtypes in these cell
lines: (a) the usual method, comprising both graphic and
computer analysis of the biphasic curves for displacement

of [3H]DHA3 by three selective beta,-adrenergic antago-
nists (practolol, atenolol, and metoprolol), one betai-se-
lective agonist (norepinephrine), and one beta2-selective

agonist (procaterol); (b) a new method, which consists of
analyzing the curves obtained for practolol inhibition of
the isoproterenol-stimulated adenylate cyclase; and (c)
analysis of biphasic adenylate cyclase activation by beta2-
selective agonists.

MATERIALS AND METHODS

Cloned C6 glioma cells were taken from glial tumors
induced by repeated injections of N-nitrosomethylurea
into Wistar rats (13, 14).

Subclones. A cell suspension at a theoretical final
density of one cell per 200 �tl was seeded in microwells
(microtest Falcon F 3040). Microwell.s in which only one
cell was observed were selected, and three of the sub-
clones obtained were studied.

Adenylate cyclase assays and [3H]DHA binding. Cul-
ture of C6 glioma cells, particulate fraction preparations,

and [3H]DHA binding and adenylate cyclase activity
measurements were performed as previously described

(15). [3H]DHA binding and adenylate cyclase activities
were determined under strictly identical conditions.

Briefly stated, particulate fractions of C6 glioma cells (20-
25 �ig of protein) were incubated at 30#{176}in a total volume

of50�d containing 100 mM Tris-HC1 (pH 8), 5 nmi MgSO4,
1 mM cyclic AMP, 0.2 mr�i ATP, creatine kinase (0.2 mgI
ml), 20 mM phosphocreatine, and 1 mu EDTA. For
adenylate cyclase assays, tracer amounts of [a-32P1-ATP
and cyclic [3H]AMP were added together 8 mm after the
beginning of incubation and the reaction was stopped 5
mm later. For binding measurements, [3H]DHA was
added at the beginning of incubation. The incubation
was terminated 10 mm later by the addition of 1 ml of
cold (4#{176})50 mM Tris-HC1 (pH 8) containing 20 m�i
MgC12, and the samples were ifitered through GF/C
Whatman ifiters. The ifiters were then washed and the
bound radioactivity was determined by scintillation
counting. Specffic binding was defined as the difference

between the amount of [3H]DHA bound in the absence
(total binding) and in the presence (nonspecific binding)
of 10 /LM unlabeled aiprenolol.

Analysis of the results. The data were analyzed by a
nonlinear least-squares curve-fitting procedure using a
“Minuit” routine for function analysis described by
James and Roos (16). The formulae used for mathemat-

ical analysis by computer were as follows:

a. For binding experiments:

F
Y-N1FK(l +I/KD)

nylate cyclase by antagonists:

F
+ N2

F+KA (1+1/K12)
app
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Sigma Chemical Company (St. Louis, Mo.). (-)-Alpren-
olol and metoprolol were kindly donated by Ciba Geigy
(Reuil-Malmaison, France). Procaterol (OPC 2009) was

obtained from Otsuka (Tokushima, Japan). Zinterol was
kindly donated by Mead Johnson (Evanston, md.). Aten-
olol and practolol were generous gifts from ICI Pharma

(Enghein-les-Bains, France), and salbutamol was ob-
tamed from Allen and Hanburys (Ware, England).

Except where noted all drugs were racemic mixtures.

RESULTS

Binding experiments were conducted using a radioac-

tive nonselective beta-adrenergic drug, [3HJDHA. Beta-
adrenergic-sensitive adenylate cyclase was stimulated by
isoproterenol, a nonselective beta-adrenergic agonist.
Figure 1 shows experiments ifiustrating the inhibition of
[3H]DHA binding and isoproterenol-stimulated adenyl-
ate cyclase by either alprenolol, a nonselective drug, or
practolol, a beta,-selective antagonist.

-‘F �-8 � io-6 i�#{149}�

Drug added (Ml

._.b%
%, a.

‘S

�‘ �0�

-S.- � . �

-basal � �D�#{149}

Drug added (Ml

51/(proctololl �O �i0�

Fic. 1. Inhibition off’H]DHA binding and isoproterenol-stimulated adenylate cyclase by alprenolol andpractolol in C� glioma cells
C6 glioma cell membranes were prepared, and binding and adenylate cyclase assays ere performed as previously described (15).

A and B. Binding experiments.

A. Total [3H]DHA bound to C6 glioma cell membranes in the presence of different concentrations of alprenolol (#{149})or practolol (0). The

[‘H]DHA concentration was 9.6 n�t (K0 = 3 nM). Each point is the mean of duplicate determinations. Dotted lines are drawn from computer

analysis of the experimental data. The best fit was obtained for (a) alprenolol, with only one class of binding sites having a K!) of 8.1 x i(Y� M

(modeling the data for two classes of binding sites did not significantly improved the goodness of fit); and (b) for practolol with two classes of

binding sites: 85% beta,-receptors with a K0 of 6.1 x iO� M and 15% beta2-receptors with a K1 of 10’ M (F = 45; p < 0.001 as compared with a

model for a single class of binding sites).

B. Hofstee plots for the inhibition of specific [‘HIDHA binding by alprenolol (S) and practolol (D). Experimental data are taken from A. The

ordinate represents the percentage inhibition of specific [‘H]DHA binding (I). The abscissa represents the ratio of I over the concentrations of

competing drugs.

C and D. Adenylate cyclase experiments. The activity of isoproterenol-stimulated adenylate cyclase (10� M isoprot.erenol) was determined in

the presence of different concentrations of aiprenolol (#{149})and practolol (D). In the same experiment, the KA�,,, for isoproterenol (concentration

giving half-maximal stimulation) was 3.5 x iO� M.

C. Direct dose-inhibition curves. Basal activity was 0.08 nmole ofcyclic AMP/5 mm/mg of protein. Each point is the mean of two experimental

determinations. Dotted lines are drawn from computer analysis of these experimental data. The best fit was obtained (a) for alprenolol with a

single class of sites having a K, of 3.9 x 10� M (modeling the data for two classes of beta adrenergic-sensitive adenylate cyclases did not

significantly improve the goodness of fit) and (b) for practolol with two classes of beta-adrenergic-sensitive adenylate cyclases, 75% of which was

beta,-sensitive (K, = 2.2 x iO� M) and 25% beta2-sensitive (K, = 1.3 x iO� M) (F = 13; p < 0.01 as compared with a model for a single class of

beta-adrenergic-sensitive adenylat.e cyclase.

D. Hofstee plot for the inhibition of isoproterenol-stimulated adenylate cyclase by alprenolol (#{149})and practolol (0). Experimental data are
taken from C. The ordinate represents the percentage of inhibition of isoproterenol-stimulated adenylate cyclase activity (I) and the abscissa

represents the ratio of I over the concentrations of the competing drugs. Two other experiments gave similar results.

A and C. For computer analysis, we assumed, like other authors (6), that the system contained only two beta-adrenergic subtypes and that

drug-receptor interaction follow”d simple mass-action kinetics. The formula used for computerization is given under Materials and Methods.
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FIG. 2. Hofstee plots for the inhibition of specific [�‘I-IJDHA binding by two beta,-selective antagonists, atenolol and metoprolol; one beta,-
selective agonist, norepinephrine; and one beta2-selective agonist, procaterol

Computer analysis of direct [‘H]DHA/competing drug displacement curves indicated the following percentages and affinities for beta,- and

betar receptors:

I

%

Beta2

K,% K1

M M

Atenolol 88 3.1 x iO�7 12 7.0 x iO�

Metoprolol 87 8.3 x 10�’ 13 3.4 x 10 (i

Norepinephrine 86 9.4 x 10 � 14 4.5 x 10�

Procaterol 91 1.7 x 10� 9 3.8 x 1O�
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The curves for both the displacement of [3H]DHA
binding and for the inhibition of isoproterenol-stimulated
adenylate cyclase by alprenolol were fitted by a computer
model involving a single class of sites (Fig. 1A and C)
(KD of alprenolol for binding sites = 8.1 x i0� M; K1 for

adenylate cyclase inhibition = 3.9 x iO� M). The Hofstee
plot of these experimental data resulted in straight lines
(Fig. lB and D). The curve for [3H]DHA displacement

by practolol, on the contrary, was best fitted by a two-
site model (F = 45; p < 0.001 when compared with a one-

site model) (Fig. 1A). Computer analysis indicated that
85% of sites had a high-affinity for practolol (KD = 6.1
x iO-7 M) and that the affinity of the remaining 15% was
lower (KD iO M). Since practolol is characterized as
a beta, selective ligand we assume that the high-affinity
sites correspond to the beta,-receptor subtype and that
the low-affinity sites correspond to the beta2-receptor

subtype. The Hofstee plot of the above-mentioned prac-
tolol displacement curves was biphasic and indicated a
greater proportion of beta, than beta2-adrenergic recep-
tor subtype (Fig. 1B).

The dose-inhibition curve for isoproterenol-stimulated
adenylate cyclase obtained with practolol was also bi-

phasic (Fig. 1C). Computer analysis of this experiment
indicated 75%, beta1-sensitive adenylate cyclase (Kj = 2.2
x iO-� M) and 25% beta2-sensitive adenylate cyclase (Ki

= 1.3 x i0� M). The Hofstee plot of these data. gave a
biphasic curve which confirmed the presence of both
beta, and beta2-sensitive adenylate cyclases (Fig. 1D).

Binding experiments were conducted with two other
beta,-selective antagonists, atenolol and metoprolol; a

beta,-selective agonist, norepinephrmne; and a beta2-selec-
tive agonist, procaterol (8). The Hofstee plots drawn
from the inhibition curves were always biphasic (Fig. 2)
the four direct displacement curves were best fitted by a
computer model involving two classes of sites. The pro-
portions of beta,-adrenergic receptor subtypes detected

by the two beta1-selective adrenergic antagonists and
with norepinephrmne were very similar to those deter-
mined with practolol: 88%, 87%, and 86% for atenolol,
metoprolol, and norepinephrine, respectively. The affin-
ities of these compounds, res�ective1y were, 3.1 x i0�
M, 8.3 x 10_8 M, and 9.4 X 10 M for the beta,-adrenergic
receptors and 7.0 x iO� M, 3.4 X 10_6 M, and 4.5 X i0�
M for the beta2-subtype.

The presence of beta,- and beta2-adrenergic receptors

10 20�10�

IA metoprolol I
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FIG. 3. Adenylate cyclase stimulation by a nonselective beta-adrenergic agonist and by three beta2-selective agonists in C� glioma cell

membranes (A) and Hofstee plot for the inhibition ofspecific [3HJDHA binding by salbutamol (B)
A. The ordinate represents the percentage of drug-stimulated adenylate cyclase to maximal isoproterenol-stimulated activity. Basal (b) and

maximal isoproterenol-stimulated activities (Vmu) were 0.1 and 1.5 nmoles of cyclic AMP/5 mm/mg of protein. Each point represents the mean

of duplicate determinations. Dotted lines were drawn from computer analysis of these experimental data. The best fit was obtained for

isoproterenol (#{149})with only one class of sites with an apparent activation constant (K,�,,,) of 1.5 x 10’ M. Modeling the data for two classes of

beta-adrenergic-sensitive adenylate cyclase did not significantly improved the goodness of fit. For the other agonists, the best fits were obtained

with two classes of sites: zinterol (A), 71% (KA,,,) = 1.6 X iO� M) and 29% (KA.,, 57 X 10� M) (F 8; p < 0.01 as compared with a model for a

single class of beta-adrenergic-sensitive adenylate cyclase); salbutamol (i�J, 75% (KA,,, = 7.9 X 10 � M) and 25% (K,s,� 1.1 X 10� M)(F 10; p

< 0.01); and procaterol (U), 46% (KA��,) = 4.3 X 10 M) and 54% (KA.�,, 1.8 X 10� M) (F 15; p < 0.001). The formula for computer analysis is

given under Materials and Methods.

B. The [3H]DHA concentration was 8.4 flM and the specifically bound [‘H]DHA was equal to 220 fmoles/mg of protein. The Ko calculated for

salbutamol was 1.3 x iO� M.
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was confirmed by using the beta2-selective agonist pro-

caterol. Computer analysis of the direct [3HJDHA/pro-
caterol displacement curve indicated 91% of sites with a
low affinity for this drug (1.7 x i0� M). Similar percent-
ages of beta,- and beta2-receptors were also found with
another beta2-selective agonist, zinterol (data not shown).

We have studied three subclones of the C6 glioma cells.
The percentages of beta,- and beta2-adrenergic receptors
were determined by a computer analysis of the curves

representing binding or adenylate cyclase competition
experiments. In all of these clones, both the competition
curve for [3H]DHA binding by alprenolol and the curve
reflecting isoproterenol-stimulated adenylate cyclase in-
hibition by alprenolol were monophasic. The affinity
values of this nonselective antagonist for beta-adrenergic
receptors were very similar to these subclones and paren-
tal cells (Table 1). Furthermore, all of these cell lines
contained comparable proportions of beta,- and beta2-

adrenergic receptor subtypes. The respective affinities of
these receptors for practolol were not significantly differ-

ent from the affinities of C parental cells (Table 1).
Drugs such as procaterol, zinterol, and salbutamol are

considered beta2-selective agonists (19, 20). Figure 3

shows that they partially activated the adenylate cyclase
of C6 glioma cells. Maximal stimulations were 59, 46, and
40% of total isoproterenol stimulation for zinterol, sal-
butamol, and procaterol, respectively (mean value for
salbutamol, 45 ± 2%; n = 3). Similar activation by sal-
butamol was obtained in the three subclones (36, 43, and

37% for C6, C69, and C6.,, respectively). Although the

isoproterenol dose-response curve was fitted with a single

adenylate cyclase component, the zinterol, salbutamol,.
and procaterol dose-response curves were best fitted with
two adenylate cyclase components. For the three drugs,

the proportions of component having the lower Kit,),)
were 75, 71, and 46% for salbutamol, zinterol, and proca-

terol, respectively (mean value for salbutamol 66 ± 8%;

n = 3) . The apparent activation constants (KIt))) ) Of

salbutamol, zinterol, and procaterol for the two compo-
nents of adenylate cyclase are given in the legend to Fig.
3.

The [3H]DHA/salbutamol displacement curve was
monophasic (K1 = 1.3 x i0� M; Fig. 3B), indicating that
this compound had no selective affinity for either the
beta,- or beta2-receptor subtypes in this system as in
some others (9, 19).

DISCUSSION

To detect whether both beta,- and beta2-adrenergic
receptor subtypes are present in a homogeneous C6 cell

population we performed competition experiments with
selective and nonselective beta-adrenergic ligands in
binding and adenylate cyclase assays.

When alprenolol, a nonselective beta-adrenergic ligand
was used, graphic or computer analysis of either
[3H]DHA/alprenolol competition curves or of isoproter-

enol-stimulated adenylate cyclase/alprenolol inhibition
curves showed that all beta-adrenergic receptors of the
C- glioma cell membranes had the same affinity for this
ligand (Fig. 1A and B).
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When beta,- or beta2-selective ligands were used the

situation was different. We performed binding competi-
tion experiments with three , -selective antagonists,
practolol, atenolol, and metoprolol; one beta,-selective
agonist, norepinephrine; and one beta2-selective agonist,

procaterol. For all of these ligands, both graphic and
computer analyses of the competition curves indicated
the existence of two populations of sites. The percentages
of low- and high-affinity sites were almost the same for
all of the beta,-selective drugs, i.e., 80-90% high-affinity
sites and 10-20% low-affinity sites (Figs. 1 and 2). Com-

parison of respective affinities of practolol for these sites
with those reported in the literature for this ligand for

beta,- and beta2-adrenergic receptors (4, 6) suggests that

the high-affinity sites correspond to the beta,-receptor
subtype and that the low-affinity sites correspond to the
beta2-receptor. With the beta2-selective agonist proca-
terol, binding experiments also showed the presence of
91% beta,- and 9% beta2-receptors (Fig. 2).

Although in our system norepinephrine had a higher

affinity for beta,- than beta2 receptors (KD = 9.4 X i0�
M and 4.5 x iO-5 M, respectively; Fig. 2), epinephrine and

isoproterenol did not show any selectivity (K1 = 2 x 10�
M and 2 x iO-7 M, respectively; data not shown). Thus, as

first classified by Lands et al. (1), the order of potency
for beta,-adrenergic receptors was isoproterenol > nor-

epinephrine � epinephrine, and for beta2-adrenergic re-
ceptors it was isoproterenol > epinephrine > norepineph-

rine.
Analysis of the inhibition of isoproterenol-sensitive

adenylate cyclase by practolol confirmed the presence of
two types of beta-adrenergic receptors in C� glioma cells
and showed that both are coupled to the adenylate
cyclase (Fig. 1C and D). The nonlinearity of the coupling
between beta-adrenergic receptors and adenylate cyclase

in these cells (15) might explain why the proportions of

beta,- and beta2-adrenergic receptor subtypes on the one
hand and the proportions of beta,- and beta2-adrenergic-
sensitive adenylate cyclases on the other are not strictly

identical (Table 1). Drugs such as zinterol, salbutamol,
and procaterol are considered beta2-selective agonists
and have been reported to activate adenylate cyclase

only in tissues containing mainly beta2-receptors (19, 20).
When these drugs are used to activate the adenylate
cyclase in C glioma cell membranes, two components
are detected in the dose-activation curves (Fig. 3A). The
heterogeneity of these adenylate cyclase stimulations is

interesting since it suggests that not only the occupation

of beta2-adrenergic receptors but also that of beta,-ad-
renergic receptors by these agonists led to a stimulation

of the enzyme.
In the experiments with zinterol and procaterol, the

relationships between the occupation of beta,- and beta2-

adrenergic receptor subtypes and the corresponding ad-
enylate cyclase activations are complex for two reasons:
(a) these beta2-selective agonists have different affinities
for the beta,- and beta2-adrenergic receptors (ref. 6 and
Fig. 2), and (b) the relationship between the occupation

of these receptors and the adenylate cyclase activation is
nonlinear (15).

In the case of salbutamol the situation is simpler, since

it has the same affinity for both receptor subtypes (KD
= 1.3 x i0� M; Fig. 3B and refs. 9 and 19), but the dose-

activation curve for adenylate cyclase by this agonist was
heterogeneous (Fig. 3A). This curve was best fitted with
two components (F = 10; p < 0.01 when compared with
one component) having different K.4,�,, (see Materials and

Methods). We assumed that the component having a
KA,�,) o 7.9 X 10� � M (75% of the total salbutamol stimu-
lation) (Fig. 3A) and the component having a KA,�) of 1.1

TABLE 1

Relative concentrations of . and beta2-adrenergic receptors and their affinities for aiprenolol and practolol in C� glioma cells and three

subclones

The percentages of beta , - and beta2-adrenergic receptors and their affinities were determined from binding curves for the competition between

[H]DHA and alprenolol or practolol, and from curves reflecting inhibition of isoproterenol-stimulated adenylate cyclase by alprenolol or practolol

(Fig. 1). Values were obtained from computer analysis of these results. Each value is the mean ± standard error of the mean of four separate

experiments for C6 glioma cells and of three separate experiments for the subclones. Subclones were used between passages 6 and 9. The values

of 100% receptor subtypes of beta-adrenergic-sensitive adenylate cyclase obtained with alprenolol indicated that this ligand binds to all beta,- and

beta2-receptors without selectivity.

Binding C parental clone (n = 4) Subclones

C/� Receptor K, (i0� M) C61 (n = 3) C�2 (n = 3) C3 (n = 3)

subtypes - - -

% K, (1O - M) % K!) (10 � ‘ M) % K!) (10 � M)

Alprenolol 100 0.089 ± 0.025 100 0.095 ± 0.006 100 0.090 ± 0.005 100 0.076 ± 0.02

Practolol

Beta, 81.2 ± 0.5 6.2 ± 0.8 87.3 ± 1.4 3.9 ± 0.5 81.7 ± 1.8 7.2 ± 0.8 75.0 ± 5.1 5.4 ± 0.6

Beta2 18.8 ± 0.5 930 ± 190 12.7 ± 1.4 440 ± 130 18.3 ± 1.8 610 ± 260 25.0 ± 5.1 1020 ± 600

Adenylate cy- % Beta-adre- K, (i0�� M) % K, (10� M) % K, (10 � M) % K (1O� M)

clase nergic-sensi-

tive adenyl-
ate cyclase

Alprenolol 100 0.099 ± 0.013 100 0.065 ± 0.009 100 0.051 ± 0.007 100 0.070 ± 0.017

Practolol

Beta, 71.7 ± 7 4.2 ± 0.1 77.0 ± 6.4 2.9 ± 0.5 80.0 ± 2.9 3.7 ± 1.1 63.4 ± 4.9 3.2 ± 0.4

Beta2 28.3 ± 7 340 ± 200 23.0 ± 6.4 190 ± 30 20.0 ± 2.9 210 ± 50 36.6 ± 4.9 270 ± 150
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x iO-5 M (25% of the total salbutamol stimulation; Fig.

3A) were due to the interaction of salbutamol with beta2-

and beta,-adrenergic receptors, respectively. Thus (a)

occupation by salbutamol of all beta,-adrenergic recep-
tors [81.2 ± 0.5% (n = 4) of total receptors (Table 1)]

leads to 34 ± 8% (n = 3) of total salbutamol stimulation,
whereas occupation ofall beta2-adrenergic receptors [18.8
± 0.5% (n = 4) of total receptors] by this agonist leads to

66 ± 8% (n = 3) of the stimulation. (b) The KD/KA�PP ratio
for beta2-adrenergic stimulation is 1.3 x i0� M/7.9 x

io� M = 16.4, whereas this ratio is close to 1 (1.3 x 10�
M/1.1 x iO-5 M) for the beta,-adrenergic stimulation. A
high value of this ratio indicates high efficiency of cou-

pling between the receptor and the adenylate cyclase
(21).

These two observations suggest that, when a beta2-

selective agonist such as salbutamol occupied a beta2-

adrenergic receptor, the coupling with the adenylate
cyclase was more efficient than the coupling obtained
when this beta2-selective agonist occupied a beta,-adre-

nergic receptor. The reverse hypothesis might be true:
occupation of a beta,-adrenergic receptor by beta,-selec-
tive agonist would give a more efficient coupling than
occupation of a beta2-adrenergic receptor by this agonist.

However, an attempt to demonstrate such a “reverse

hypothesis” with norepinephrine did not give clear re-
suits. This was probably due to the fact that our system
contained about 85% beta,-adrenergic receptors which
are, according to our hypothesis, well coupled, and there-

fore will give more than 95% of the maximal stimulation
which can be obtained.

Thus we can distinguish different types of selectivity

of ligands. Some have different affinities for receptor
subtypes; others, such as salbutamol, have equal affinities

for the two receptor subtypes but their apparent selectiv-
ity derives from differing agonist coupling efficacy.

In conclusion, the most important result of this study

is the detection of both beta,- and beta2-adrenergic re-
ceptors in a C6 glioma cell line and in three subclones
derived from a single cell. The fact that both beta,- and
beta2-adrenergic receptors are present in all four homo-
geneous cell populations indicates that these two recep-
tor subtypes can coexist in a single cell. The biochemical
and physiological consequences of these findings will now
have to be considered in both astrocytes and other mam-
malian cell populations.
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