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The binding of the non-solestive muscarinic antagonist [Hquinuciiding benzitate (QNB) 16 rat parotid membranes was charnererized. Under equi-
fibvium conditions, PHJQNB bound 1o u homopenous population of muscarinic receptors (K. 118219 pM; b,y 572142 fmal/mg membrane
protein, a= 12, The addition of G prowein activiilorx AP, or guanesine-58--(3-thietriphosphate) (GTFS)+ M@’ increused the Ky by 774 7%
(=4, F<0.05) and 83 £27% (=7, P<0,05), respectively, without o ¢hange (e Ihe He,., or homagenelty of the binding site. GTPy8 added without
dxagenous Mgt ® didnat affect PHJQNB binding. Thus, aptimal QNB binding requires n muscutinic receplor/G protein interaction. '

An!hgunist: Recoptor; G protein: Paratid: AlF " GTPyS

|. INTRODUCTION

Previous studies have shown that the affinity of
receptors for agonistsis influenced by G proteins [1-4].
Conversely, antagonists are commonly believed to be
unaftected by any G protein mediated changes in recep-

tor characteristics [$], Recently, we reported that the

nan-selective muscarinic receptor antagonist (NSMRA)
atropine could affect f-adrenoreceptor-induced signal
transduction eveénts related to Ca*™* mobilization in in-
tact rat parotid acinar cells via a mechanism which
utilized the muscarinic receptor but which occurred at a
step distal to ligand binding to the receptor-[6]. This led

. toan hypothesis that atropine binding to the musearinic -

receptor involves a G protein interaction. In the present
study we have examined the equilibrium binding of the
NSMRA QNB to parotid muscarinic receptors, under
conditions that are known to influence receptor/G pro-
tein interactions.

2. MATERIALS AND METHODS

Parotid membranes were prepared fram male rals as described [7],
Al ["HJQNB binding studies were carried out (37°C, 90 min) in a
total volume of 1 ml 50 mM Tris, pH 7.4, containing 50 gg membrane
protein, Equilibrium binding was achieved within 60 min in both con-
irol and experimental conditions (Fig. 1), Incubatjons were stapped
by rapid-filiration (45 zm Millipore filters). Values for all data points
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were determined in triplicate for ench experiment. Specific binding

~wias enleulated as the difference betwean total binding and binding

observed in the presence of 10 4M avopine and was ~ 70% af total
binding ar QNB concentrations near the Ay. Where indieated P values
were determined by Siudent’s rtest. ["H)QNB (33 Ci/mmal) was ob-
1ained from New England Nuclear and nucleotides were from Sigma
Chemical Co. Al other reggents were of the highest available com. -
mereial grade.

3. RESULTS AND D[SCUSSION

The NSMRA ['HJQNB showed high affinity,

saturable binding to an  apparently homogeneous

population of muscarinic receptors in rat parotid gland
membranes. Scatchard-Rosenthal analysis (Fig. 2,
open circles), demonstrates binding with an average
Buax of 572+42 fmol/mg membrane protein
(mean +SEM; n=12) and a Ky of 11819 pM. These
data are in good agreement with previously publishe

results [8~10]. : :

The ability of puanine nucleotides to decrease the
stability of the agonist/receptor/G protein complex is
well known [3,5]. However, the effects of guanine
nucleotides on the antagonist/receptor/G protein com-
plex ‘have not been extensively studied, and are not
necessarily predictable [11-15]. We found that the addi-
tion of 100 xM GDP, GTP, inosine 5'-triphosphate,
guanosine = 5'-O-(2-thiodiphosphate), GTPyS or:
5’ -guanylylimidodiphosphate in the absence of Mg*",
had no significant effect on QNB binding to rat parotid

‘membranes either when added simultaneously with the
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Fig, 1. Timegourse of speciiic ("HIQND binding to rat paretd mem:
branes. Open circles represent the specific binding of [’HIQNE %
conirol ral parotid membranes (averuge of 1 experimgny, cach per
Formed in triplicdie with different membreane preparations) at the
vime polns Indicated. The solld circles repreient the speeific binding
of (HGQNE in the presence of 10 mM NaF and 10 M AICH deter.
mined lrom experiments pariliel 1o those shown as contrel gondi-
tions, The inset shows ihe same experimental dita exprossed as 4
ptreenmge of the maximal binding in controt (®) and caperimental
{m¥ ¢conditions, respectively.

*H)QMEB, or if pre-incubated with the membranes for

30 min prior to the addition of the radioligand.
‘However, a significant change in '[HJQNB binding

was observed in the presence of Mg'* + GTP4S

(Fig. 2, triangles). The affinity of the muscarinic recep- -
tor for the ligand was redu;«:d (K4 increased by
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‘Fig, 2. Effect of G-protem activators on speeific [3H]QNB binding to
rat parotid membranes, These Scotchard-Rosenthal plots are from
reprcsentatwe experiments. The open circles represent the speeific
binding of [*H]JQNB under control conditions, (Ka 83 pM,. B 518
fmol/mg membrane protein). The solid circles represent the specific
binding of ['HJQNB in the presance of 10 mM NaF and 10 aM AICl;
from the same experiment as shown for the contral (X136 pM, Buyax
522 fmo!fmg membrane protein). The 1r1angles are the average of 2
experiments with one membrane preparation in which the membranes
were pretreated with MgS0a and GTPvS before the addition of QNB
(K4 170 pM, By, 522 fmol/mg membrane protein). For simplicity the
control QNB binding isotherm from these experiments is not in-
dicated as it is comparable to the contrel results shown, These results
are representative of 4 experiments with- 3 separate membrane

prepar_ations for AlF.™ and 7 experiments with 4 separate membrane -

breparations for Mg80. and GTP+S.
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Rinding studdiex were performed as deseribed in the text, The number

of experiments for each condition ixindieated o parenthicses, Av fenst

2 different membrane prepartions were utilized, Bach was done in

riplieate at 100 pM QNB. Dula were sted for significance by Sty
dent's 1rest, ‘

* {ndicates a resull significantly - different from the control,
(PeD.Oo0s), and ®indicates o result significantly different ather
results so marked (P<0.05). Under these conirol conditions max-
imal QMB binding was 2152 7 fmal/ing protein,

834 27%, n=7, P<0.05) without a significant change
in the B (109 £ (4% of control). [t is well known that
Mg** is needed for optimal activation of G proteins,

and facilitates the release of G proteins from the recep-
tor {16-19]. Indeed, in the presence of Mg alone, (10
mM MgSO.), [’H]QNB binding to parotid membrancs
was slightly, but mgmf‘mamly reduced (Table I}, These
data suggest that, in the absence of Mg?*, the rat
parotid muscarinic receptor/antagonist complex retaing
a ‘relatively’ high affinity for G proteins regardless of
the guanine nucleotide: present. Conversely, 'in the
presence of 10 mM Mg?*, GTP«S can apparently ac-

* tivate the G protein and decrease the receptor’s affinity

for the antagonist.

We next evaluated the effect of AlF,~ (10 mM NaF
and 10 gM AICl3), on [*H)JQNB binding to rat parotid
membranes. A1F47, by interacting with bound GDP on
G, subunits, is believed to activate G proteins and,
thus, decrease the association of G proteins with cell
surface receptors [20-22]. Ata [PHIQNB concentration’
near the Ka, AIF,” “markedly decreased specific
equilibrium ligand binding to parotid membranes
(~ 35%, Table I) without affecting non-specific binding

- (not shown). The time to reach equilibrium binding was
unchanged by the addition of A1F,~ (Fig. 1). This in-

hibitory effect was specific for the fluoride complex,
(Table T). The reduction in PPH]JQNB binding was
dependent on the concentration of NaF present
(ICso~ 3.5 mM NaF, Fig. 3). The effect of A1F;~ on
QNEB binding was similar to the effect of Mg** and
GTP+S (Fig. 2). In the presence of 10 mM NaF/10 xM
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Fig. 3. The elfeet af different cancemrations of NaF on ["HIQNB

binding. Each data point represents the aversge 2 SEM of 3 orddx-
periments with &t least 3 separate membrane preparations, performed
in riphicire. wing 108 pM ["HJQMB, Faor these experiments the
specific binding a1 100 pM QNB in contral membranes represents
100% of maximal binding, and was 209 = % fmol/mg pratein,

AlCly, the affinity of the antagonist for the receptor
was significantly redueed, its K4 increased by 77 2 7%
(n=4, P<0.05) (Fig: :
change was observed either in the maximum number of
hinding sites (95 7% of contral), or in the apparent
homogeneity of these sites. Interestingly, Mgt also
significantly enhanced the ability of ALFs” to inhibit
‘ *HIQNB binding {Table 1). These aggregate results

suggest that in parotid membranes the binding of QNB
is reduced when G protein/receptor - interactions
decrease,

It has been widely demonstrated that GTP or non-‘

hydrolyzable GTP analogues (such as GTP'yS) change
the affinity of a receptor for an agonist [1-7]. For this
to occur, GTPyS must interact with the G protein,
leading to its activation and dissociation from: the
receptor. Our data demonstrate that GTP4S alone can-
not alter the affinity of the parotid muscarinic receptor
-for an antagonist. This indicates either that (1) GTPyS
by itself, is unable to activate G proteins associated with
the antagonist/receptor complex or (i) antagonist

binding to the receptor does not require an interaction.

with the G protein and, thus, OTP+S activation is ir-
relevant. By experimental manipulation (e.g. inclusion
of Mg?* with GTP~S in reaction mixtures) it was possi-
ble to induce G protein dissociation from the receptor
with a subsequent decrease in ligand binding, thus sup-
porting the first supposition. Furthermore, this can be
mimicked, without addition of GTP~S, by utilizing a
receptor-independent. tool for G protein activation,
. AlF4~. Indeed, we have shown that under 4 incubation
conditions which promote receptor/G protein dissocia-
tion (Mg*" alone; GTP+S plus Mg?*; AlF4" alone; and
A1F4~ plus Mg2*) the binding of QNB to muscarinic
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2, solid circles). No significant
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Fig. 4. Madel of lgand muscarinie receptar/G protéln interactions
In rat parotid acinay membirane. R wonds for the musearinie regepe
ter, Ag stands For o mwscarinle ggonkst, Ant stands for a musearink
antagonist. The shaded greas reflect the part of the G proteln eyclo
wiiere the receptor hias low affinity fer the ligand. A eurved line be-
tween Le recepror and the Hgand or G peatein réflecis a high aftinity
aiate of the receprar for that component. The® indlcaiey the active
form of the G protein, The *X" betwagn the receplor possessing high
affinity binding of the arasgonist and G protein, and the lew affinity
receptor, indivates that this ehange does nal aeeur,

receptors is significantly reduced. While this affinity
change (~2 fold} is much smaller than the ¢change in
agonist affinity ( ~ 5~100 fold) which has been observed
as a consequencs of G protein/receptor dissociation, it
nonetheless demonstrates some unexpected similarities
between stimulatory and inhibitory ligand/muscarinic
receptor/G protein mtcractmﬂs m rat paroud mem-
braries, :
These similarities are 1liuscrated in Fig. 4. Agomst

* binding to receptors on whole cells is measured almost

entirely as low affinity binding (left panel) because the
agonist very rapidly promotes G protein binding and G-
protein activation. This activation, in turn, very rapidly
decreases the association of the G protein with the
receptor and the affinity of the receptor for the agonist
(i.e. resulting in the low affinity state of the receptor for
the agonist). In membranes where endogenous guanine
nucleotides are limited or absent, the agonist cannot ac-
tivate the G protein and the agonist remains bound with
high affinity to its receptor [23-26].

On the other hand, antagonists are known to bmd_
with high affinity to receptors in whole cells and in
membranes [23-26]. The model shown in Fig. 4, right
panel, can explain this phenomenon by virtue of the un-
changed- affinity of the receptor for- the antagonist
regardless of the guanine nucleotide bound o the G
protein when the G protein'stays bound to the receptor.
The data, herein, demonstrate a lower affinity binding
of the antagonist to the receptor when the G proteins
have been dissociated from the receptor either using
AlF4™ or Mg** and GTP~8. Thus, we suggest that for
h1ghest affinity [’H]QNB binding to muscarinic recep-
tors in rat parotid membranes, an interaction between

the muscarinic receptor and G protein is required.
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- The G pmtein-pfamme‘d.ﬁ high affinity muxéaxini’c
aniagonist/receptor binding characteristics ' described

by us for paratid membranes are clearly not common 1o
every cell, or receptor type. For example, in many

studies, no evidence for such antagonist/receptar/G
protein interagtions has been found. The factors which
determine the specific nature of this antr.rmtian are nol
prcscntly underuood :
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