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Abstract-The binding parameters of muscarinic agonists and antagonists in rat central (brain, cer- 
ebellum and stratum) and peripheral (heart and lung) tissues were determined at 2” and 37” from 
competitive binding experiments with (SH)-quinuclidinylbenzylate (QNB). Muscarinic ligands bindmg 
aftmities far cerebellum, heart and lung were tightly correlated. These tissues were also characterized 
by their low concen~ation of muscarinic receptors with high affinity for agonists. In contrast, brain and 
striatum contained a higher concentration of muscarinic receptors with a lower affinity for agonists. The 
affinity of QNB was lower at 2” whereas that of other ligands was higher. The temperature-dependent 
shifts of competition curves differed from tissue to tissue and from compound to compound. The shifts 
were highest with gallamine and carbachol. The binding isotherms of muscarinic ligands were tentatively 
studied with a two-site binding model. The percentage of high- and low-affinity binding components of 
agonists differed with the compound. Guanine nucleotides and the temperature increase lowered agonist 
affinity without changing the proportions of the high- and low-affinity binding components. These results 
corroborate that the binding heterogeneity of muscarinic ligands does not depend only on the presence 
of two distinct receptors. Neither guanine nucleotides nor temperature changes allow conversion between 
the different putative ~nformat~on~ states of the musca~nic receptors. 

High- and low-affinity binding sites for muscarinic 
agonists have been suggested by binding experiments 
[I, 23. Study of pirenzepine [3], showing high (Mt) 
and low (M2) affinity binding sites, seems to counter 
the homogeneity of muscarinic antagonist 
binding [4]. Brain and heart membranes have been 
reported potentially as models for Mt and M, sites, 
respectively [S]. A correlation between high and low 
pire~epine sites and low and high affinity agonist- 
binding sites has been suggested [6,7], but this has 
not been validated. Indeed, the question remains 
open of whether binding selectively reflects the exist- 
ence of different receptors or the involvement of 
conformational modifications in one receptor. 

Modified conformational states might be induced 
by drug interactions with the receptor [8,9], and 
might occur through an allosteric mechanism, involv- 
ing a secondary binding site on the receptor 
molecule, as proposed for gallamine [lO-121 and 
pancuronium [12]. The association of the receptor 
with different effecters might also lead to an apparent 
heterogeneity of ligand binding in one tissue and to 
different affinity levels for various tissues, GTP- 
dependent coupling factors might play a role in the 
nonformation of the receptor [13-161. Guanine 
nucleotide have been thought to induce a conversion 
of high affinity agonist-binding sites into low affinity 
ones f13,14. 171, whereas other studies have not 
lead to such conclusions [ 18,191. These discrepancies 
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might be related to the different incubation tem- 
peratures used [ 141. Various temperature-dependent 
modifications in muscarinic ligand binding have been 
reported [XI-231, but no extensive study has com- 
pared the effects of temperature changes on the 
binding of muscarinic antagonists and agonists and 
on their modulation by guanine nucleotides, We, 
however, did so, considering the binding hetero- 
geneity of rnus~~ni~ ligands might differ with 
temperature. 

membrane preparation. Male Wistar rats (20% 
2.50 g) were killed by decapitation and brains (whole 
brain minus cerebe~um) were rapidly removed. 
Alternatively, the striatum and the cerebellum were 
taken separately. Whole heart and lungs were dis- 
sected free of connective and vascular tissue, rinsed, 
blotted dry and weighed. Ail membrane preparations 
were performed at O”-?” according to the same 
procedure. 

The fresh tissue was homogenized in 10 vol. (ml/ 
g of tissue wet weight) of 0.25M ice-cold sucrose 
with a Dual1 (brain) or an Ultra-Turrax (heart and 
lung) homogenizer. After low-speed centrifngation 
at 2500g (Imax) for 10 min, the pellet was again 
homogenized in 10 vol. of 0.25 M sucrose and resedi- 
mented. The supematants resulting from the two 
previous centrifugations were pooled and diluted 
with Na2HP04-KH2P04 buffer (pH = 7.4) to give 
60 vol. of 50 mM phosphate buffer. The mixture was 
centrifuged at 33,000g (rmax) for 30 min. The pellet 
was carefully homogenized in 5 vol. of 0.25 M 
sucrose and kept on ice prior to appropriate dilutions 
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in 50 mM phosphate buffer (pH = 7.4) for binding 
assays. 

Muscarinic receptor labelling. t3H)-QNB binding 
was carried out in 2 ml (final vol.) of 50 mM phos- 
phate buffer (pH = 7.4) containing 0.1 nM (3H)- 
QNB, various concentrations of unlabelled drugs 
and appropriate amounts of membrane preparation 
(pg protein/assay: striatum, 20-30; brain, 35-45; 
heart, 70-90; cerebellum, 90-110; lung, 160-200). 
Incubations were performed at 2” for 22 hr at 3’7“ for 
50 min. Under both conditions, the steady state for 
specific binding and the linear relationship between 
specific (3H)-QNB binding and the amount of added 
membrane proteins were verified. 

Bound (3H)-QNB was harvested by rapid vacuum 
filtration through GF/B glass fibre filters 
(Whatman). Filters were rinsed twice with 7 ml of 
ice-cold phosphate buffer and placed in vials with 
7 ml of scintillation cocktail (Ready-Solv HP, Beck- 
man). A vigorous 20 min shaking followed by over- 
night extraction were required for quantitative 
desorption of the filter-bound radioactivity [24] 
which was then counted in a liquid scintillation s 
trometer with an efficiency of 45%. Specific P 

ec- 
( H)- 

QNB binding was defined as the difference between 
total binding and binding in the presence of 10e6 M 
atropine. The non-specific binding level was very low 
and mostly due to (3H)-QNB binding to filters. 

minding data unu~ys~. Competitive binding curves 
were analyzed in two ways by non-linear least- 
squares regression. First, an iterative programme 
originally described by McPherson [25] yielded bind- 
ing isotherm of the competing ligand for the whole 
population of muscarinic sites in terms of ICsO value 
and of slope factor @), This method minimized the 
sum of squares of the errors between the data points 
and the estimated curve. Values for p of less than 1 
provided means for assessing the deviation from a 
simple mass action relationship for the binding. Such 
data were analyzed according to a two-site binding 
model [26]. The ligand was assumed to interact with 
two independent binding sites simultaneously obey- 
ing simply the law of mass action. This two-site 
binding mode1 enabled us to calculate best-fit par- 
ameters for each population of sites, including the 
percentage of each site and the ICKY + SD, as 
described by Barlow [26]. Ki values were determined 
from IC,, values with the method of Cheng and 
Prusoff [27], assuming competitive interactions. 

1 + ( 3H)-QNB concentration/Kn of ( 3H)-QNB 

KD for (3H)-QNB was determined at 2” and 37” by 
Scatchard analysis. Prior checks were made [9] that 
ICsa of drugs (atropine and carbachol) increased lin- 
early at 2” and 37” with increasing concentration of 
(3H)-QNB (20-200pM). In all cases, IC,, of drugs 
did increase linearly with increasing concentrations 
of radioligand while the corresponding Ki-values cal- 
culated with the Cheng and Prusoff equation were 
independent of the concentration of (3H)-QNB used. 

Protein concentrations were determined according 
to Spector [28], using bovine gamma-globulin as a 
standard. 

Cu~poun~. ( -)-(3-3H)-quinu~li~nyl benzilate 
[(3H)-QNB, 33 Ci/mmoie] was purchased from New 
England Nuclear Corporation (Boston, MA). The 
following compounds were obtained from Sigma 
Chemical Company (St. Louis, MO): acetylcholine, 
acetyl-@-methyl choline, carbamylcholine , and chol- 
ine chloride; scopolamine and pilocarpine hydro- 
chloride; atropine sulphate; oxotremorine sesqui- 
fumarate; gallamine triethiodide and hexame- 
thonium bromide. T~methyl-ammonium hydro- 
chloride, phenyltrimethylammonium chloride and 
tetramethylammonium iodide were from Ega- 
Chimie (Steinheim/Albuch, F.R.G.). Pirenzepine 
dihydrochloride was a gift from Boehringer- 
Ingelheim (Reims, France) and isopropamide iodide 
was from Delalande (Courbevoie, France). All other 
chemicals were of the highest purity available. 

RESULTS 

Ewe heterogeneity in m~~~rini& agonist and antug- 
o&t binding 

The binding characteristics of muscarinic receptors 
were examined in different rat tissues (Fig, 1). The 
atropine binding curves fitted a simple Langmuir 
isotherm and the binding constants were similar in 
the different tissues (Table 1). The carbachol com- 
petitive binding curves were similar in peripheral 
tissues (heart and lung) and in the cerebellum, with 
%-values 20 times lower than those determined in 
whole brain or striatal membranes. In the latter, 
the carbachol binding curves did not fit a simple 
Langmuir isotherm and were shifted to high con- 
centrations of carbachol. This heterogeneity in car- 
bachol binding could not be attributed to variation in 
the binding dissociation constants of the radioligand 

Atroome Carbachol 

IO 9 8 7 6 5 4 3 2 

Drug concentration (-log M) 

Fig. 1. Tissue dependence of the affinities of muscarinic 
receptor sites for atropine and carbachol. Membrane prep- 
arations from different tissues (striatum: A, brain: 0, lung: 
q i, cerebellum: 0 and heart: A) and drug displace- 
ment experiments (atropine: left; carbachol: hght)‘ were 
performed under identical conditions (see Materials and 
Methods). Binding assays were run at 37” with 0.1 nM 
IXHH)-QNB. The values shown are means of at least three 
independent experiments performed in duplicate, and the 

corresponding Ki are given in Table I. 
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Table 1. Comparative study of tissue enrichment and binding affinity parameters of muscarinic 
(3H)-QNB binding sites 

Tissues 

( 3H)-QNB binding 

(pmol~~tissue) 

Atropine 
K,kSD 

(nW 

Carbachol 
K, 2 SD 

W) 

Striatum 26.7 2 2.1 93.7 0.813 2 0.030 34.265 * 2.130 
Brain 24.7 f 1.0 58.5 0.408 2 0.024 20.439 k 1.230 
Cerebellum 18.6 f 3.0 4,37 0.930 + 0.152 0.947 k 0.160 
Heart 25.5 5 3.5 1.91 1.411 * 0.160 1.308 k 0.174 
Lung 20.9 2 1.9 0.24 0.780 ” 0.080 1.490 2 0.170 

Membrane preparations from different tissues were incubated at 37” with increasing con- 
centrations of (3H)-QNB (3-300 PM) as described under Materials and Methods. At least 
three independent saturation experiments enabled mean values (2 SD) to be estimated for 
the (3H)-QNB binding parameters (KD and B,, values). lcso were determined by non-linear 
regression analvsis of the comuetitive bindine curves and Ki calculated as described under 
Miterials and Methods. 

used (Table 1). Saturation experiments gave linear 
Scatchard plots (data not shown) over the range of 
(3H)-QNB concentration studies (S-300 PM) which 
enabled &values to be calculated. These affinities 
were similar in the different tissues, whereas B,, 
revealed large variations in the concentration of 
QNB-binding sites (Table 1). 

Binding profiles of muscarinic sites at 37” 

Data obtained with atropine and carbachol were 
extended to other muscarinic agonists and antag- 
onists belonging to different chemical classes (Table 
2). The affinities of the classical antagonists atropine, 
scopolamine, isopropamide and pirenzepine where 
higher in brain than in heart. In contrast, the appar- 
ent affinity of gallamine was higher in heart. The 
slope factors of the binding isotherms of classical 
antagonists were close to the unit in both tissues but 
were lower than 1 for pirenzepine in brain and for 
gallamine in brain and heart. The binding isotherms 
of these compounds are shown on Fig. 2. 

Agonists displayed a nearly l-( pilocarpine) to 16- 
times (carbachol) higher affinity for heart binding 
sites than for brain ones. Slope factors were lower 
than 1 in both tissues. Figure 3, left panel, shows 
that the similar affinities observed above for atropine 
and carbachol in heart, lung and cerebellum could 
be extended to other ligands with a variance coef- 
ficient of correlation close to zero. In contrast, com- 
paring the affinities of muscarinic ligands in heart 
and brain (Fig. 3, right panel) reveals wide dispersion 
of data points around the correlation line. However, 
the sequence of affinity values was similar in both 
tissues. 

Temperature dependence of muscarinic agonist and 
antagonists binding 

The inhibition of (3H)-QNB binding in brain and 
heart membrane was reinvestigated at 2” whereas 
the above data were obtained at 37”. Lowering the 
incubation temperature resulted in a reversible 
increase in the equilibrium dissociation constant 
(Kn) for (3H)-QNB without affecting the binding 
site density (B,,,.J. The temperature-dependent 
change in the affinity of (3H)-QNB was reversible 
and prior incubation at 37” or 0” had no effect on the 

affinity determined in a subsequent incubation at a 
different temperature. Decreasing the temperature 
to 2” decreased the affinity of QNB and increased 
the affinity of the other ligands (Table 2). The affinity 
of classical antagonists and of pirenzepine was 
slightly higher at 2”, whereas that of gallamine was 
much enhanced, leading to a high ratio between 
Ki at 37” and at 2” (Table 2). These temperature- 
dependent shifts are illustrated for pirenzepine and 
gallamine in Fig. 2. 

GallamIne Pirenzepine 

Drug concentration 1 -log M ) 
Fig. 2. Specific (3H)-QNB binding to heart and brain mem- 
branes determined at 2” and 37” in the presence of various 
concentrations of gallamine and pirenzepine. Corre- 

sponding Ki are listed in Table 2. 
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3- 

Cerebellum (o)or lung (41 (PK,,MJ Bram ( pK,, M 1 

Fig. 3. Correlation between binding affinity constant (pKJ at 37” of drugs for specific (‘H)-QNB binding 
sites from various tissues. Compounds and assay conditions were as reported in Table 2 and under 
Materials and Methods. Unweighted linear regression analysis of the data enabled the correlation 

coefficient (r) and the variance (u) to be calculated. 

The binding isotherms of most muscarinic antag- 
onists, such as atropine, and QNB, were consistent 
with a one-site model, whereas those of other ligands 
were complex, providing slope factors lower than 
1 (Table 3). These binding data were tentatively 
analyzed in terms of a model with two independent 
sites (Table 4). The percentages of high and low 
affinity binding components were different from one 
ligand to the other. For instance, in brain, the high- 
affinity binding components of oxotremorine and 
carbachol were respectively 15 and 32% of the total 
binding. 

The proportion of low- and high-affinity com- 
ponents of ligand binding was independent of the 
incubation temperature (Table 4). Table 5 shows 
that low- and high-affinity binding components were 
differently modified by temperature changes result- 
ing in different Ki ratios at 37” and 2”. However, no 
consistency was observed according to the ligand 

or the tissue considered. The &ratio of carbachol 
reached 50 for its high-affinity component in the 
heart, i.e. a very large increase in affinity when the 
incubation temperature was reduced from 37” to 
2”. No such selective increase in the high affinity 
component of carbachol was observed with brain 
membrane, nor with other ligands in either tissue. 

Effect of Gpp(NH)p on ligand binding in rat heart 
membrane 

Adding the non-hy~oly~ble GTP analogue did 
not affect the QNB binding, KD and B,, were 
similar with and without Gpp(NH)p at 2” or 37”. 
Gpp(NH)p caused a concentration-dependent 
decrease (Fig. 4) in the capacity of carbachol to 
inhibit (3H)QNB binding at 2” and 37” (Fig. 5). The 
greatest shift in binding isotherms was obtained with 
10m4M Gpp(NH)p. The slopes of the competitive 
binding curves increased with increasing concen- 

Table 3. Slope factors of binding isotherms for muscarinic ligands. Ki are shown in Table 2 

Antagonists 
QNB 
Atropine (ATROP) 
Scopolamine (SCOPO) 
Isopropamide (ISOPR) 
Pirenzepine (PIRENZ) 
Gallamine (GALLA) 

Slope factors 
at 37” at 2” 

Heart Brain Heart Brain 

0.93 0.96 0.98 0.99 
1.05 0.90 0.99 0.84 
1.01 0.89 0.92 0.83 
1.04 0.98 0.88 0.88 
0.95 0.75 0.86 0.70 
0.65 0.58 0.65 0.68 

Agonists 
Oxotremorine (0X0) 0.60 
Acetylcholine (ACHj 
Carbachol (CARBA) 
Acetyl-&methylcholine (META) 
Pilocarpine (PILO) 

Non-selective ligands 
Choline (CHOLI) 
Trimethylammonium (TRI) 
Phenyltrimethylammonium (PHENYL) 
Tetramethylammonium (=TRA) 
Hexamethonium (HEXA) 

0.61 
0.63 
0.54 
0.79 

0.65 
0.72 
0.75 
0.63 
0.74 

0.73 
0.55 
0.52 
0.59 
0.83 

0.88 
0.92 
0.89 
0.87 
0.93 

0.43 0.79 

0.44 0.48 X:: 
0.45 0.62 
0.63 0.84 

0.60 0.75 kkz 
0.74 0:92 
0.54 0.86 
0.70 0.84 
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Table 4. Apparent binding affinity constants and relative proportions of high- and low-affinity binding components of 
drugs in heart and brain membranes 

Compounds 

Binding 
site 

analysis 2” 
Heart 

K, (PM ? SD) 

37 
Brain 

2 37 

Oxotremorine 

Carbachol 

Pilocarpine 

Pirenzepine 

Gallamine 

1 site 

2 sites 

1 site 

2 sites 

1 site 

2 sites 

1 site 

2 sites 

1 site 

2 sites 

High 
Low 

High 
Low 

High 
Low 

High 
LOW 

High 
Low 

0.014 + 0.001 0.117 + 0.017 
0.001 -+ 0.001 (44) 0.012 -+ 0.006 (40) 
0.092 -t 0.033 (56) 0.552 f 0.180 (60) 
0.161 2 0.007 1.308 2 0.174 
0.005 * 0.001 (48) 0.252 f 0.081 (46) 
1.157 -+ 0.138 (52) 6.191 * 1.559 (54) 
0.619 f 0.028 3.496 * 0.457 
0.052 f 0.012 (35) 0.331 f 0.119 (33) 
1.916 f 0.225 (65) 8.436 & 2.476 (67) 
0.341 2 0.018 0.397 * 0.059 

ns. ns. 

0.018 2 0.001 
0.008 f 0.001 (83) 

n.d. (17) 

0.214 4 0.030 
0.106 ‘_ 0.023 (82) 

n.d. (18) 

0.081 t 0.002 
0.002 * 0.002 (14) 
0.157 + 0.018 (86) 
2.823 2 0.082 
0.088 f 0.023 (31) 
9.934 5 0.861 (69) 
1.106 ? 0.028 

n.s. 

0.026 2 0.001 
0.013 * 0.002 (76) 
0.439 2 0.159 (24) 
0.103 f 0.003 
0.072 2 0.006 (86) 

n.d. (14) 

0.486 ? 0.030 
0.008 f 0.003 (15) 
0.797 t 0.066 (85) 
20.44 -+ 1.23 
0.821 ? 0.175 (32) 
98.59 2 11.52 (68) 
3.689 2 0.230 

n.s. 

0.039 -c 0.002 
0.022 2 0.003 (75) 
0.491 * 0.003 (25) 
0.933 * 0.061 
0.504 + 0.090 (83) 

n.d. (17) 

Ki of drugs for the whole population of (3H)-QNB binding sites are taken from Table 2. Competitive binding curves 
were analyzed according to the two-site binding model (Materials and Methods). Values in parentheses are the relative 
proportions (expressed in %) of high and low affinity binding components. K, for the high and low affinity binding 
components were determined with the method of Cheng and Prusoff (Materials and Methods). Table 5 shows the ratios 
between Ki at 37” and at 2”. 

n.s. Competitive binding curves did not significantly fit to the two-site binding model. 
n.d. The low affinity component of gallamine binding was irregular (see Fig. 2) and could not be analyzed accurately. 

trations of guanine nucleotide, but never reached 
one. Gpp(NH)p reduced the apparent affinity of 
carbachol without significantly altering the affinity 
of atropine. In contrast, the slope of carbachol (Fig. 
5) and of other agonists’ competitive binding curves 
increased in the presence of Gpp(NH)p but never 
reached one. Indeed, Gpp(NH)p did not modify the 
proportions of high- and low-affinity components. 

The effect of Gpp(NH)p is summarized in Table 
6. The larger nucleotide-dependent shift was 
observed for the high-affinity component of car- 
bachol at 2”. The affinities of oxotremorine and 
pilocarpine were less affected. The nucleotide pre- 
vented the temperature-dependent modification of 
the affinities of the binding components of agonists. 

Table 5. Temperature-dependent modulation of the high 
and low affinity binding component for muscarinic ligands 

in rat heart and brain membranes 

Ki3T/Ki2" 

Heart Brain 

Compounds 1 site High Low 1 site High Low 

Oxotremorine 8.39 12.2 6.0 6.05 4.4 5.1 
Carbachol 8.14 50.4 5.3 7.24 9.2 9.9 
Pilocarpine 5.65 6.3 4.4 3.34 - - 
Pirenzepine 1.16 - - 1.50. 1.7 1.1 
Gallamine 11.93 12.6 - 9.03 7.0 - 

The ratios for K, at 37” vs 2” are calculated from results 
shown in Table 4. They are typical temperature-dependent 
shifts of the binding isotherms as illustrated for gallamine 
and pirenzepine in Fig.2. 

Carbachol ( -log M ) 

Fig. 4. Concentration/effect curve for inhibition of (‘H)- 
QNB binding to rat heart membranes at 2”. Cardiac mem- 
branes (50 pg protein/assay) were incubated with 100 pM 
(3H)-QNB, various concentrations of Gpp(NH)p (X: 

control; 0: 3.10-‘M; A: 10m6M; Cl: 10-5M; 0: 10m4M; 
A: lo-’ M) and with a range of carbachol concentrations. 
(3H)-QNB bound in the presence of carbachol are repre- 
sented as a function of Gpp(NH)p concentration. The data 
are for four experiments, in duplicate. The slope of the 
binding curve increases from 0.48 (control) to 0.62 (10m4 M 

GPP(NH)P). 
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Carbachot ( -tog M 1 

Fig. 5. Concentration dependence of carbachol- and atrop- 
ine-induced inhibition of (3H)-QNB binding to heart mem- 
brane in the presence and absence of Gpp(NH~p. Rat heart 
membranes (5Opg protein/a~ay~ were incubated with 
IOOpM (3H)-QNB and increasing concentration of car- 
bachol and of a&opine at 2” (top) and 37’ (bottom) in the 
absence (0, A) or presence (0, A) of 100 PM Gpp(NH)p. 

Whereas temperature changes induced only mod- 
erate changes in the low agonist-affinity component 
of the binding isotherms, we observed much greater 
modifications in the high-affinity one. However, the 
proportions of each component did not differ at 2” 
or 3P, which tallies with previous obse~ations at 
25” and 37” PO]. Similarly, Phan et al. 1211 reported 
that the Hill coefficient of carbachol binding to rat 
heart did not differ at 18” or 37”, despite their own 
results; they proposed that lowering temperature 
promoted the formation of a high-affinity conformer 
of the muscarinic receptor. 

In the presence of Gpp(NH)p, the temperature- The temperature-induced changes we observed 
dependent modifications of the high-affinity binding were reversible. The effect of the stable guanine 
components of carbachol and oxotremorine were nucleotide Gpp(NH)p was more obvious at the low 
similar, temperature. Gpp(NH)p induced a decrease in the 

DISCUSSION 

The presence in a tissue of different receptors for 
one ligand can be detected by competitive binding 
experiments. However, whereas the shape of the 
binding curves may vary with the selectivity of the 
ligand used, the calculated percentage of each popu- 
lation of sites is a characteristic of the tissue and does 
remain similar whatever the selectivity of the ligand 
[29]. Thus, the observation in the present experi- 
ments of different percentages of sites from one 
ligand to the other, in both brain and heart 
membranes, does not tally with the concept of two 
different receptors. This major point in receptor sub- 
classification has been often neglected. Moreover, if 
one considers muscarinic subtypes to be identical 
whatever their tissue origin, one expects to find 
general consistency in the binding properties of each 
population of sites. In fact, using similar exper- 
imental conditions we noted differences in affinity 
for the sites in heart and brain membranes. Thus, it 
has to be considered that the heterogeneity of the 
binding of muscarinic ligands is related to different 
conformational states of receptors. The possibility 
was studied of the conversion from one con- 
formational state to the other being due to the pres- 
ence of guanine nucleotides and/or to temperature 
changes. 

Heterogeneity of agonist binding 

Table 6. Gpp(NH~p and temperature modulation of the high and low affinity binding 
components for agonists in rat heart membranes 

Compounds 

&+ Opp(NH)p/lYi- Gpp<NH)p K,37”fKi 2” 
with 

GPPWWP 
2’ 37” 

High Low High Low High Low 

Oxotremorine 19 ::‘o 8.8 2.5 5.5 9 
Carbachol 50 4.4 3.9 4.4 3.5 
Pitocarpine 20.2 3.8 6.9 5 2.2 5.9 

These values were determined from binding isotherms at 2” or 37” and in the presence or 
absence of 100,~M Gpp(NH)p. Ki in the absence of Gpp(NH) are given in Table 4. The 
~i+o~~~~/~i-o~~~~~~ ratios are representative of the Gpp(NH)~dependent shifts of the 
binding isotherms as illustrated for carbachd in Fig. 5. The temperature-de~ndent shifts of 
the binding isotherms in the presence of Gpp(NH)p have to be compared to control values 
(absence of Gpp(NH)p) indicated in Table 5. 
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high-unity binding component of a ligand. The 
ligand displa~ment curves were right-shifted in the 
presence of Gpp(NH)p and the Hill coefficient 
increased slightly but never reached one. Indeed, 
the percentage of each binding component was not 
modified as, too, in other studies [l&19], whereas 
some authors did report modifications of this per- 
centage [14,17,31]. Thus, the present study does 
not support the proposal [14] that these discrepancies 
might be related to the different incubation tem- 
peratures used. The inability of guanine nucleotide 
to convert a heterogeneous binding process into a 
homogeneous one supports the hypothesis that the 
putative different conformational states of the recep- 
tor protein are not simply related to intera~ions with 
Go-binding proteins. Conversion of high- to low- 
affinity sites cannot be assumed. Indeed, we showed 
that Gpp(NH)p inhibited both components of agon- 
ist binding. 

Furthermore, we found that the high-affinity com- 
ponent of carbachol binding isotherm underwent 
greater modification than with oxotremorine and 
pilocarpine. These data tally with those of Ehlert 
[32] obtained on rabbit heart and concluding in good 
correlation between efficacy as measured by inhi- 
bition of adenylate cyclase and the influence of GTP 
on binding properties. Such a correlation is restricted 
to the high-unity component of agonist binding 
isotherms, leading to the hypothesis that the cor- 
responding conformational state of the receptor pro- 
teins might be related to interactions with adenylate 
cyclase and the inhibitory guanine nucleotide-bind- 
ing protein. 

Heterogeneity of antagonkt binding 

Pirenzepine binding depended little on tem- 
perature (Table 2), the percentages of high- and low- 
affinity binding components being unchanged. This 
does not tally with a recent preliminary report [22] 
concluding that the selectivity of pirenzepine binding 
is temperature-dependent. Indeed, this conclusion 
was based on the comparison of ICKY at 0” and 40”. 
The expe~ment~ conditions were not indicated. 
However, the determination of binding values from 
displacement curves at these two temperatures 
usually requires different concentrations of the iabel- 
led compound, and ICKY has to be converted as Ki to 
compare the affinities under the different conditions. 
Our results also disagree with another preliminary 
report [23]. We found that temperature changes 
influenced heart as well as brain muscarinic receptors 
(Table 2). Moreover, we cannot conclude any cor- 
relation between temperature changes and the agon- 
ist or antagonist behaviour of muscarinic ligands. 
The highest increase in affinity at 2” was observed 
with gallamine in both tissues. This nicotinic antag- 
onist has been described as a non-competitive musca- 
rinic antagonist IlO] with a cardiac selectivity in 
agreement with present results (Table 1). Gallamine 
has been thought to bind to a site distinct from the 
conventional muscarinic ligand binding one, thereby 
modulating the binding of usual agonists and antag- 
onists [ll]. In contrast, competitive interaction with 
muscarinic ligand was observed by others [33]. 
Indeed, Dunlap and Brown [12] suggested that gal- 
lamine not only competes for QNB binding sites, 

but also binds at a secondary site of the receptor, 
involving an allosteric mechanism. 

In conclusion, evaluating the binding charac- 
teristics for a large number of muscarinic compounds 
under identical conditions in different tissues and at 
different temperatures supports the hypothesis that 
binding heterogeneity does not depend only on the 
presence of two distinct receptors. The effects of 
Gpp(NH)p and of temperature changes do not 
enable any conversion to be envisaged between the 
putative different conformational states of the 
muscarinic receptors. 
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