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ABSTRACT. The binding of [‘Hlcholecystokinin octapeptide (sulphated) ([3H]CCK-8S), an agonist of the 
cholecystokinin receptors, to rat cortical membranes was fast, specific and saturable, with pH optimum at 
6.5-7.0. The divalent cations Mg2+ and Ca’+ clearly enhanced [3H]CCK-8S binding, whereas the monovalent 
cations Na+ and K+ were inhibitors. Inactivation of the ligand binding ability of these membranes was 
dependent on the incubation temperature and corresponding 71/Z values were 11 days at 4”, 12 hr at 21”, 154 
min at 30” and 51 min at 37”, which revealed the apparent activation energy of this process to be 130 + 4 
kJ/mol. Scatchard analysis of the saturation curves of [‘H]CCK-8S b’ d’ g tn in was best described by a one site 
binding model with a Kd = 0.63 t 0.18 nM and a maximum binding of 32 2 2 fmoljmg protein. The stable 
GTP analogue guanosin-5’sO-(3-thiotriphosphate) (GTPyS) decreased the affinity of [3H]CCK-8S binding only 
up to 2-fold without significant influence on maximal binding. Modulation of membrane properties by different 
detergents revealed that only in the case of digitonin (0.03-0.04%) did the GTP-dependence of [3H]CCK-8S 
binding considerably increase without significant influence on the ligand binding properties in the absence of 
GTP$. Other detergents studied (sodium cholate, sodium deoxycholate, 3-(3cholamidopropyl)dimethylam- 
monio-1-propanesulfonate (CHAPS), sucrose monolaurate, series Triton X and Tween) either had little 
influence on GTP-yS-dependence of [3H]CCK-8S binding or inactivated the receptor. Parallel studies of 
fluorescent polarization of diphenylhexatriene (DPH) in rat cortical membranes indicated that digitonin was the 
only detergent which at low concentrations caused a rapid increase in membrane fluidity and thereafter stabilized 
it at a certain level. Other detergents studied had only moderate influence on membrane fluidity (CHAPS, 
cholate, deoxycholate) or caused fast and continuous increase of membrane fluidity (Triton X-100, Tween 80). 
These data together point to the essential influence of the fluidity of membranes on the regulation of the 
interactions between G proteins and CCK receptors in rat cortical membranes. Under standard experimental 
conditions (temperature lower than 30”), the CCK receptor-G protein complex is active for quantitative 
characterization of the receptors, but the membranes are too rigid for natural communication and regulation. 
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Cholecystokinin (CCK)]], a 33 amino acid peptide first 
purified from pig small intestine [I], also occurs in several 
other molecular forms and is widely distributed throughout 
the central and peripheral nervous systems [2]. Receptors 
for CCK were first found in pancreatic acinar cells (CCK,) 
[3], followed by the finding of receptors with different 
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pharmacological properties (CCK,) in the brain [4]. Phar- 
macological data have also suggested the presence of gastrin 
and CCK-4 receptors [5], but molecular cloning studies 
have revealed only two different receptor types, CCK, and 
CCKa. These discrepancies in pharmacology have been 
explained by the different coupling with G proteins, which 
causes multiple affinity states for ligand binding [6]. The 
amino acid sequences of the rat CCK, and CCKB receptors 
with 429 and 452 amino acids, respectively, are highly 
homologous with 48% amino acid identity [7]. Hydropathy 
analysis of the structure of CCK receptors predicts seven 
transmembrane-spanning domains and suggests that these 
receptors belong to the G protein-coupled superfamily of 
receptors [8]. CCKB receptors have been found throughout 
the brain with especially high densities in the striatum, 
cortex, and limbic system [9], but CCK, receptors are also 
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found in certain brain areas [lo]. While the signal trans- 
duction mechanism of the CCK, receptors via pertussis 
toxin-insensitive G proteins is well documented, less is 
known about the CCK, pathway. It is proposed that G 
proteins from the G, family play a crucial role in CCK, 
transmission, causing activation of phospholipase C, forma- 
tion of inositol 1,4,5trisphosphate and 1,2-diacylglycerol, 
and release of intracellular CaZf [7]. 

Guanyl nucleotides induce a clear shift in agonist bind- 
ing affinity of several G protein-coupled receptors. For 
example, for muscarinic and dopaminergic receptors the 
shift can be considerably higher than 100-fold [l 1, 121. 
However, the guanyl nucleotides have only modest effect 
on the agonist binding to the CCK, receptors and even 
these data seem to be quite inconsistent [13-161. In the 
present investigation we have studied the optimal binding 
parameters of [3H]CCKe8S to rat cortical membranes and 
found that membrane fluidity seems to be crucial in the 
GTP-dependent regulation of agonist binding to CCK, 
receptors. 

MATERIALS AND METnoDS 
Materials 

[Propiony13H]-cholecystokinin octapeptide (sulphated) 
( [3H]CCK-8S, 60-73 Ci/mmol) was from Amersham Inc., 
4-morpholine ethanesulfonic acid (MES), 1,4-piperazine 
diethanesulfonic acid (PIPES) and Tris from United States 
Biochemical Corporation, HEPES and guanosine 5’-0-(3- 
thiotriphosphate) (GTPyS) from Boehringer Mannheim, 
BSA, cholic acid, digitonin, 1,6-diphenyl-1,3,5hexatriene 
(DPH), polyethylenimine, Triton X-100 from Sigma 
Chemical Co., Tween 80 and sodium deoxycholate from 
Merck, sucrose monolaurate from Mitsubishi-Kasei Food 
Co., caerulein from Bachem AG, and 4-{[2-[[3-( lH-indol- 
3-yl)-2-methyl-l-oxo-2-[[[1.7.7.-trimethylbicyclo [2.2.l]hept- 
2-yl-oxy]carbonyl]amino]propyl]amino] 1 -phenylmethyl] 
amino-4-oxo-[lSla.2B[S*(S*)]4a]]-butanoate N-methyl-D- 
glucamine (CAM 1028) was donated by Parke-Davis Neuro- 
science Researche Centre. 

Membrane Preparation 

Rat cerebral cortices were homogenized in 20 vol (wet 
weight/volume) of ice-cold 50 mM Tris-HCl buffer (pH 
7.4) using a glass-teflon homogenizer, and centrifuged at 
30,000 X g for 20 min at 4”. The membrane pellet was 
resuspended in 20 vol (ww/v) of fresh buffer and centrifuged 
under the same conditions. The final pellet was homoge- 
nized in a buffer containing 20 mM NaHEPES, 20 mM 
NaCl, 5 mM MgCl,, 0.5 mg/mL BSA (pH 7.0 at 21”) if not 
stated otherwise, and was used for binding experiments at a 
concentration of 15-20 mg wet weight per mL, which 
corresponded to approximately 0.7-1.0 mg protein per mL 
as determined by the modified Lowry method ]I?], using 
bovine serum albumin as standard. In the studies at differ- 
ent pH values, the buffering components were 20 mM 

Na-MES (pH 5.5), Na-PIPES (pH 6.0; 6.5; 7.0), Na- 
HEPES (pH 7.0; 7.5; 8.0) or Tris-HCl (pH 7.5; 8.0; 8.5). A 
mixture of Gi and G, was prepared from porcine brain as 
previously described [18] with slight modifications 1191 and 
inserted into cortical membranes [20]. 

[3H]CCK-8S was found to attach to plastic and glass 
surfaces and all experiments were therefore performed in 
tubes and with pipette tips which were siliconized with 
Sigmacote.@ (Sigma Chemical Co.) For the equilibrium 
binding studies, the crude membrane homogenate was 
incubated with [3H]CCK-8S (0.05-5 nM) for 90 min at 21” 
and free ligands were removed by fast filtration through 
glass-fiber filter (GF/B, Whatman International Ltd.). The 
filters were washed three times with 3 mL cold incubation 
buffer, and bound [3H]CCK-8S, trapped on the filter, was 
counted with a liquid scintillation counter. The specific 
binding was defined as the difference between total and 
nonspecific binding, which was measured in the absence 
and presence of 0.1 p,M caerulein or 3 PM CAM 1028, 
respectively. To avoid possible artefacts in determination of 
the relatively high levels of nonspecific binding, two 
different l’ga d 1 n s were used, but with virtually similar 
results. The pretreatment of the filters with 0.3% (w/v) 
polyethylenimine had no significant influence on the 
nonspecific binding of [3H]CCK-8S. All binding data were 
analyzed by nonlinear least-squares regression analysis by 
using a commercial program GraphPad PRISMTM (Graph- 
Pad Software) and the results are presented as mean + SE. 

Deternhatim of Membrane Fkidity 

Fluidity of rat cortical membranes was measured by the 
determination of fluorescence polarization of DPH in the 
membrane suspension, which allows one to characterize the 
apparent microviscosity of these membranes [21, 221. For 
the insertion of the marker, the cortical membranes in the 
incubation buffer were incubated with 2 p,M DPH for 30 
min at 37”. Membranes were diluted with the incubation 
buffer in the presence of different concentrations of the 
detergents, and the fluorescent polarization of DPH was 
measured at 21” with a spectrofluorometer (SLM Instru- 
ments Inc) using excitation and emission wavelengths of 
358 and 430 nm, respectively. The degree of fluorescence 
polarization P was calculated as: 

111 - 1, p=- 
111 + 1, ’ 

where 111 and I, are the emission intensities detected by the 
analyzer oriented parallel or perpendicular to the direction 
of polarization of the excitation light, respectively. The 
value of fluorescence polarization of DPH is proportional to 
the order of molecular packing and inversely proportional 
to membrane fluidity [21]. 
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FIG. 1. l&pi&km of the specific b&&g of [3H]CCK-8S to 
rat cort@al~membranes in. the presence of 30 fl GTPyS (0) or 
in the absence of GTprS (0). Bat cortical membranes in the 
buffer contaiqing 20, m&f Na-HEPES, 20 mh4 NaCI, 5 ~ 
h4&12, 0.5 mg/mL IjSA (pH = .7.0) were inc&ated with 
different concentrations of [‘H]CCK-8S in the absqxe (t+l 
binding) and presence (nonspecific binding) of 0.1 p.M caerulein 
for 90 min at 2 lo. Specific binding was defined as the difference 
between total and nonspecific binding. Inset: Data in the 
Scatchard plot. 

RESULTS 

The curve of 13H]CCK-8S binding to rat cortical mem- 
branes was saturable (Fig. l), and the straight line obtained 
by Scatchard analysis (Fig. 1, inset) indicates the presence 
of a single class of [3H]CCK-8S binding sites. The dissoci- 
ation constant (KJ and maximal binding capacity (B,,) 
were estimated to be 0.63 ‘_ 0.18 nM and 32 + 2 fmol/mg 
protein, respectively. The studies of [3H]CCK-8S binding 
to rat cortical membranes were carried out at room tem- 
perature in the reaction medium, which contained 20 mM 
Na-HEPES, 20 mM NaCl, 5 mM MgCl,, 0.5 mg/mL BSA 
(pH = 7.0). These conditions were found to be an optimal 
compromise between different factors influencing 
[3H]CCK.8S binding. 

The pH value 7.0 was selected as optimum of three 
different parameters: highest ligand binding affinity, high- 
est number of specific binding sites, and lowest level of 
nonspecific binding (Fig. 2). The pH had no significant 
influence on the number of binding sites, but had a clear 
optimum for the affinity of [3H]CCKe8S binding at 6.5-7.0. 
The nonspecific binding of [3H]CCK-8S decreased with an 
increase in pH. None of the parameters studied depended 
on the type of buffer if several buffers (PIPES, HEPES, Tris) 
were used at the same pH values. 

Regarding the ions studied, the presence of Mg2+ or 
Ca2+ was essential for high affinity [3HjCCK-8S binding. 
The MgCl, at concentrations above 3 mM caused a 6-fold 
increase in the specific binding of 2 nM [3H]CCK-8S, 
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FIG. 2. Influence of pH on the binding parameters B,, (a), I(d 
(b), and the slope of the nonspe&c biding (c) of [3H]CCK-8S 
binding to rat cortical membranes. Bat corticaI membranes in 20 
mM Na-MBS (pH = 5.5), Na-PIPES (pH = 6.0; 6.5; 7.0), 
Na-HBPES’ (pH = 7.0; 7.5; 8.0) or Tris-HCl (pH = 7.5; 8.0; 
8.5) with 20 mA4 NaCl, 5 niM MgCI,, 0.5 mg/mL BSA were 
incubated with different concentrations of [3H]CCK-8S in the 
absence (total binding) and presence (nonspecific binding) of 
0.1 w caeruleh for 90 +n at 2 lo. Specific bin&mg was 
defined as the difference between total and nonspecific binding. 
The slope of nonspecific bindine was calculated from the linear 
relationship of [3H]CCK-8S binding in the presence of 0.1 M 
caerulein vs. [3H]CCK-8S concentration. Data are presented as 
mean f SEM. 

whereas in the case of C&l,, the increase in specific 
binding was also accompanied by a significant increase in 
nonspecific binding. The effects of Mg2+ and Ca2+ were 
not cumulative and usage of both cations did not initiate 
additional binding of [3H]CCK-8S. Sodium as well as 
potassium ions were not essential for the specific binding of 
[3H]CCK-8S and had a moderate inhibitory effect at 
concentrations above 50 mM. One of these monovalent 
cations was required at a concentration of lo-40 mM to 
reduce nonspecific binding (data not shown). BSA was also 
necessary to decrease nonspecific binding and had no 
inhibitory effect on [3H]CCK-8S binding, as was described 
in the case of [‘251]-J301ton-Hunter labelled CCK-8S 1231. 

The stability of CCK receptors in rat cortical membranes 
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FIG. 3,. Inactivah of [3HjCCK-SS biding sites in cat cortical 
medwwLd3atUdin 
u&f M&l, 5 Id4 Ibigclz, 0.5 lng/d 
incubatfd at the &&rent temper&ures. 
al&lots of hcuba~ samples were taken 
[3HjCCK-fB was determined. 

was measured at different temperatures (4”, 21”, 30” and 
37”). The decrease in the specific binding of [3HKXK-8S 
was dependent on the incubation temperature (Fig. 3), and 
the half-lives were estimated to be 51 I? 6 min at 37”, 
154 2 10 min at 30”, 12 + 1 hr at 21” and 11 -t 3 days at 
4”. The stability of the receptors was not affected by the 
addition ofprotease irth&itors such as pepstatin (1 +.~g/mL), 
benzamidine (0.5 r&4), or PMSF (0.1 mM), or by dithio- 
treitol(1 r&f), indicating that proteolytic degradation and 
oxidation of s&by&y1 groups are not the major factors in 
determining the rate of inactivation. The short half-lives of 
the cortical CCK receptors at 30” and 37” complicated the 
use of these temperatures for the characterization of ligand 
binding properties and the incubation temperature for this 
study was thus selected to be 21”. 

The Arrhenius plot of the inactivation rate constants of 
[3H]CCK-8S binding sites in rat cortical membranes re- 
vealed a straight line (r 2 = 0.97)) indicating a single 
mechanism of the process at all temperatures studied. The 
activation energy was estimated to be 130 + 4 lcJ/mol, 
which is within the range obtained in other studies (120- 
250 kJ/mol) for the inactivation of many solubilized pro- 
teins [24], but considerably higher than the value for the 
muscarinic receptors in rat cortical membranes (57 I?I 8 
kJ/mol) [25], in which case the determining role of sur- 
rounding lipids was proposed. 

Specific binding of [3i-l]CCK-8S to rat cortical mem- 
branes was reversible and timedependent. The association 
of 1.9 nM [3H]CCK-8S had a half-life of 71/2 = 3.7 + 0.6 
min, reaching a saturation level within 30 min (Fig. 4). 
Dissociation of [sE@XK-8S from these membranes, which 
was initiated with 3 pM CAM 1028, was monophasic with 
k_, = (9.0 _+ 1.6)*10W4 s-l, giving a half-life for the 

complex Tl12 = 13 + 2 min. The dissociation of the 
[3H]CCK-8S from the membranes was clearly monophasic 
without the signs of heterogeneity which had been de- 
scribed earlier 1231. These kinetic data revealed that the 
apparent second~order rate constant of&e [3HlCXZK-8S 
binding, which corresponds to the simple b@&cukar 
association reaction scheme, is kr = (1.17 -C 0.27)*10’ 
S -’ M-r, and the dissociation constant Kd calculated bm 
the ratio of rate constants k-,/k, = 0.77 + 0.18 nM is in 
good agreement with the constant Kd = 0.63 2 0.18 nM 
determined from the equilibrium binding isotherm (Fig. 1). 

The addition of the nonhydrolyzable GTP analogue 
GTP$ to the reaction medium caused a 2-fold increase in 
K, (fram 0.63 + 0.18 nM to 1.27 ?I 0.24 nM), without a 
sign&cant effect on the number of binding sites (30 -C 3 
fm&ng protein, Fig. 1). The effect of the GTP$S reached 
its maximal value at 3 &I and did not change as a result of 
a further increase in the concentration of the nucleotide 
(data not shown). Similar results were obtained using the 
a&&W pron& aotiv~ A&’ at concentration 30 WM. 
T&e insertion &ph)lified Gprotelns (G,, Gi) into cortical 

banges in [3H)cCK- 
nce or presence of 

guanine nacksorzides ( wn), westing rhat a low 
concentration of G is not the reason for the 
moderate effect of GTP$. 

,propenies on the GTP-dependent 
bi in rat cembral cortex was studied 
by modulation of these membranes by different detergents. 
Seven detergents, listed in Table 1, were examined for their 



Cholecystokinin-8S Binding to Pat Brain Membranes 427 

TABLE 1. Influence of detergents on the GTP dependence of the specific binding of [3HmK-SS to the rat brain cortical 
membranes 

Detergent 

Studied 
concentrations 

of the detergent 
% (w/v) 

Maximal effect of GTPyS 

Specific binding of [3H]cCK-SS 

Decrease by 
Optimal concentration 30 PM 

of the detergent No GTPyS GTP+ 
% (w/v) (% of control)* (%)T 

Control 
Triton X-100 
Tween 80 
CHAPS 
Na-cholate 
Na-deoxycholate 
Digitonin 
Sucrose monolaurate 

- - 
0.02-0.2 
0.02-0.2 052 
0.02-0.2 0.02 
0.01-0.2 0.04 
0.01-0.1 0.01 
0.01-0.2 0.04 

0.005-O. 1 0.03 

10022 
0 

88 + 5 
74 + 3 
58 ? 2 
56 ? 1 
78 + 4 
84 + 9 

23 +3 

40:2 
36 t 6 
7123 
52 ? 7 
82 ?_ 1 
62 2 6 

The membranes were incubated with 2.6 t&4 [3H]CCK-6S and different concenttations of the detergents in the absence and presence of 30 pM GTP-yS. Data ate presented as 
percentage of the specific binding of [3H]CCK-8S without detergents (*) and as percentage of decrease in [3H]CCK-8S by GTF’$ at the optimal detergent concentration in 
comparison with [‘k]CCK-SS binding in the absence of GTF’$(t). 

influence on the_ binding of 2.6 nM of [3H]CCK-8S to rat 
cortical membranes in the presence and absence of 30 PM 
GTPyS. Triton X-100 totally abolished specific binding of 
rH]CCK-8S at the concentration of 0.02%, whereas in the 
presence of all other detergents at least some specific 
[3H]CCK-8S b in in could be determined and an increase d g 
in GTP dependence was found (Table 1). Tween 80 and 
sodium deoxycholate were also harmful to the receptors, 
leading to the disappearance of specific binding of 
[3H]CCK-8S at a concentration of 0.04%. CHAPS, sodium 
cholate and sucrose monolaurate caused the loss of the 
specific binding of 2.6 nM [3H]CCK-8S at concentrations 
of 0.2%, 0.15% and O.l%, respectively, whereas 0.2% of 
digitonin decreased the binding by only 56%. Binding 
isotherms of [3H]CCK-8S binding were studied in the 
presence of different concentrations of sodium cholate and 
digitonin, the detergents which caused the greatest effects 
of GTPyS in preliminary experiments (Table 1). The 
apparent effect of sodium cholate seems to be caused mainly 
by the decrease in binding affinity of [3H]CCK-8S to 
receptors in presence of this detergent. The dissociation 
constants of the [3H]CCK-8S binding in the presence of 
0.02%, 0.04%, and 0.08% of sodium cholate could be 
estimated to be 1.28 2 0.21, 2.27 2 0.43 and 3.65 + 0.58 
nM, respectively, and in the presence of 30 PM GTPyS 
3.2 f 0.7, 6.4 + 1.1,8.0 2 1.2 nM, respectively. Thus, the 
decrease in binding affinity by GTPyS was on average 
2.4-fold and did not depend on the concentration of the 
cholate. Digitonin caused only a moderate decrease in 
[3H]CCK-8S binding affinity without changes in the num- 
ber of binding sites, but dramatically enhanced the effect of 
GTPyS on [3H]CCK-8S binding (Table 2). The low 
affinity of [3H]CCK-8S binding in the presence of GTPyS 
at a digitonin concentration above 0.03% did not allow 
direct calculations of Kd and B,,, (Fig. 5), and data 
presented in Table 2 were calculated on the presumption 

that the number of binding sites did not change as a 
consequence of the addition of GTP$. 

Detergents listed in Table 1 can be divided into three 
groups according to their influence on the fluidity of rat 
cortical membranes. The first group contains CHAPS, 
sodium cholate and deoxycholate, which caused only a 
moderate increase in membrane fluidity at concentrations 
up to 0.4% (Fig. 6). Digitonin and sucrose monolaurate are 
members of the second group, which caused a rapid increase 
in membrane fluidity at concentrations up to 0.02% and a 
polarization parameter 0.255. The subsequent increase in 
detergent concentrations had little influence on the fluidity 
of these membranes (Fig. 6). Detergents Triton X-100 and 
Tween 80 represent the third group, which caused a fast 
and continuous increase in membrane fluidity up to a 
concentration of 0.1% and a polarization parameter of 0.17 
without the stable phase found for the second group. 

An increase in temperature also increased fluidity of 
membranes. Thus, the degree of fluorescent polarization in 
rat cortical membranes was 0.297 1 0.003, 0.273 + 0.002 
and 0.256 t 0.006 at 21”, 30” and 37”, respectively. 

TABLE 2. Influence of digitonin on [3H]CCK-8S binding 
affinity to rat brain cortical membranes in the absence and 
presence of 30 pM GTPyS 

Concentration 30 llM 
of digitonin No GTF’yS GTpyS I(d Change by 
(%I Kd WI) WI GTPyS (fold) 

0 0.63 + 0.18 1.27 + 0.24 2.02 
0.02 0.84 2 0.16 2.84 + 0.31 3.38 
0.03 1.01 2 0.21 13.2 + 2.8* 13.1 
0.04 1.29 ? 0.15 45 + 6* 35 
0.10 1.82 -t 0.12 n.d.** n.d.** 

* Estimated value with the presumption that the number of binding sites was not 
changed (Fig. 5). 

** No specific [3H]CCK-8S binding could be detected. 
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[FREE [3Ft]CXK43S] (MA) 

FIG. 5. Equilibrium of the specific binding of [3H]cCK-8S to 
rat cortical membranes in the presence of 0.03% dighnin. Rat 
cortical membranes in the buffer contk&ng 20 lrilrk Na-HEPES, 
20 mM N&l, 5 mM#&Cl,, 0.5 mg#hL BiSA, 0.03% digitonin 
(pH = 7.0) in the presence of 3d p&i G?@$ @) or in the 
absence of GTpyS (0) ivere incW Wi& Merent concen- 
trations of [3H#XXG8S in the absence (hat bin&i& and 
presence (nonspeci& bind&) of 0.1 @A uWr&h for 90 min 
at 21’. Specific bhtchg was de&xl as d#erence between total 
and nonspecific bin&g. 

Despite inactivation, the tentative binding parameters of 
[3H]CCK-8S binding to rat cortical membranes at 30” were 
I& = 1.14 t 0.38 r&l and B,,, = 24 t 7 fmo&ng protein, 
and no specific binding could be determined in the pres- 
ence of 30 p,M GTF’yS. 

FIG. 6. Influence of detergents on the f&&y of rat cortical 
membranes. Rat cortical ti in the bt&er contai&g 20 
mk4 NadBWW, 20 x&l NaCf, 5 rnMM@,, (pH = 7.0) were 
incubated with 3 &# 1,GdipBlerq&l,3,5-h&&e$e for 30 min 
at 37” and the fluorescence polarization (P) of the pnzparation 
was determined in the presence of different detergents at 21”. 

A. Rinken et al. 

Several earlier studies have indicated specific and saturable 
binding of [3H]CCK-8S to rat cortical membranes, but 
always with a low number of binding sites and high 
nonspecific binding, especially in comparison with cortical 
membranes from guinea-pig and mouse [13, 231. Neverthe- 
less, psychopharmacological and behavioural studies on 
CCK-ergic neurotransmission make the biochemical char- 
acterization of [3H]CCK-8S binding sites in rat cerebral 
cortex appealing [26]. In the present study, we have found 
that the binding of [3H]CCK-8S to rat brain membranes 
was relatively fast, reversible and saturable, whereas optimal 
experimental conditions for binding isotherms appear to be 
an incubation for 90 min at 21” in a buffer containing 20 
mM Na-HEPES, 20 mM NaCl, 5 mM MgCl,, 0.5 mg/mL 
BSA at pH = 7.0. Th ese conditions are a compromise 
between many different factors which influence binding 
and had to be taken into account during the experiments. 
The proposed pH = 7.0 is slightly higher than pH = 
6.0-6.5 proposed for radioiodinated ligands [27], but was 
preferred due to a lower nonspecific binding and to its being 
closer to the optimal pH for G proteins 1181. The 40 mM 
Na+ was also a compromise between the inhibitory effect of 
Na+ salts at concentrations over 100 mM and their ability 
to decrease nonspecific binding. The inhibitory effect of 
Na+ ions was not ion-specific, as K+ had a similar inhibi- 
tory effect at concentrations over 100 mM. It is proposed 
that the inhibitory effect of monovalent ions at higher 
concentrations on [3H]CCK-8S binding is caused by their 
desalting effect on peptic ligands or by their influence on 
the stability of receptor-G protein complexes, as is the case 
for agonist binding to several G protein-coupled receptors 
[20, 28, 291. The presence of Mg2+ in millimolar concen- 
trations was essential for high-affinity [3H]CCK-8S bind- 
ing, as could be predicted for agonist binding to G protein 
coupled receptors. It is interesting to note that the same 
effect as that of Mg*+ could also be achieved with Ca’+. 
These data are in agreement with data published earlier for 
CCK-8S binding to cortical membranes [27, 301, but not 
with the understanding of the high specificity of MgZf for 
the activation of G proteins [12, 311, which has been 
confirmed by the recently published tertiary structures of G 
proteins [32, 331. Thus, it can be proposed that the 
requirement of MgZf for [3H]CCK-8S binding is not only 
connected with the activation of G proteins. Alternatively, 
G proteins coupled to CCK receptors in rat cortical 
membranes may not be so highly specific for Mg*+ as has 
been described for G, and transducin. 

A compromise between different influences was also 
needed for the choice of the incubation time and temper- 
ature of [3H]CCKe8S binding. In comparison with several 
other G protein-coupled receptors, the cortical CCKa 
receptors were quite labile, losing a considerable number of 
binding sites during incubation at 30” or 37”. Incubation 
for 90 min at 21” inactivated approximately 8% of the 
[3H]CCKe8S binding sites, but taking into account the 
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stabilizing effect of bound ligands, inactivation can be 
neglected during the following analysis. Other receptors 
(e.g. the muscarinic acetylcholine and the dopaminergic) 
are much more stable in in or&o experiments, but the 
stability of these receptors has been measured by their 
ability to bind specific antagonists [ll, 341. In the present 
study, the stability of CCK receptors was characterized by 
their ability to bind a specific agonist, which requires the 
active conformation of whole receptor-G protein com- 
plexes. Earlier studies have indicated that receptor-G pro- 
tein complexes [20], as well as G proteins themselves [35], 
are much more labile than receptors; therefore, it can be 
proposed that the loss of [3H]CCK-8S binding activity is 
not mainly connected to the thermoinactivation of CCK 
receptors but also by the decomposition of receptor-G 
protein complexes. 

The lability of the binding ability of receptors was the 
reason for the choice of an incubation time of 90 min, 
although the kinetic studies indicated long incubation 
times to reach equilibrium at all studied [3H]CCK-8S 
concentrations. Thus, 95% of the saturation (5 T& of 
[3H]CCK-8S binding during 90 min incubation can be 
achieved only at a radioligand concentration of 0.4 nM or 
higher. At lower concentrations, for example 0.1 nM, the 
half-life of [3H]CCK-8S binding was 70 min, reaching only 
the level of 59% of the level predicted by equilibrium 
binding after 90 min incubation. In all cases presented here, 
the K, values for [3H]CCK-8S binding were higher than 0.6 
nM, and it can thus be predicted that these values were not 
overestimated since equilibrium was not achieved. That the 
binding was not complete as well as being very close to the 
lower limit of detection of specific binding may be reasons 
for the scattering of the points in the Scatchard plot (Fig. 
1) and for the proposed heterogeneity of [3H]CCK-8S 
binding in some reports [36]. 

The effect of GTP, which decreased the affinity of 
[3H]CCK-8S binding to rat brain membranes ca. 2-fold, was 
considerably smaller than could be predicted by the model 
of the agonist binding to G protein-coupled receptors, 
where the effects of guanyl nucleotides on Kd values are 
usually in the order of a lo- to 1000-fold increase [8]. At the 
same time, the data obtained are in good agreement with 
earlier published data on the GTP dependence of 
[3H]CCK-8S binding to brain membranes of different 
species [14, 15, 37, 381. Higher concentrations of GTPyS 
(up to 300 JLM) or use of the artificial G protein activator 
AlFy did not result in additional inhibition of [3H]CCK-8S 
binding, indicating that: 1) either the addition of these 
reagents is not enough to switch the CCK receptors into 
the low affinity state; or 2) [3H]CCK-8S binding sites are 
heterogeneous and regulated by different effector systems; 
or 3) the affinities of the low- and high affinity sites of 
[3H]CCK-8S binding are very similar to what has been 
found for Dj receptors [29]. The first proposal was supported 
by data showing that mild modulation of membrane prop- 
erties dramatically increased the GTP dependence of 
[3H]CCK-8S binding. This most clearly appeared using 

digitonin, which considerably increased the GTP-depen- 
dence of [3H]CCK-8S binding to rat cortical membranes at 
very low concentrations (Table 2). At concentrations 
which cause, this effect (0.03-0.04%), digitonin does not 
yet solubilize receptors from membranes [39], but this 
concentration is much higher than is necessary for the 
permeabilization of membranes. It is proposed that the 
effect of digitonin on GTP-dependent binding of [3H]CCK- 
8S is connected to its effect on membrane fluidity, as only 
this detergent had the ability to increase membrane fluidity 
and thereafter stabilize the complex (Fig. 6). All other 
detergents caused a rapid increase in fluidity and probably 
destruction of membrane structures, which led to the 
inactivation of receptors (Triton X-100, Tween 20, Tween 
80) or had only a moderate influence on the fluidity of 
membranes as well on the GTP dependence of [3H]CCK- 
8S binding (cholate, deoxycholate, CHAPS). In addition 
to digitonin, sucrose mono&rate also had some stabilizing 
effect on the membranes after a fast increase in fluidity at 
low concentrations of this detergent, but at higher concen- 
trations it caused an additional increase in membrane 
fluidity (Fig. 6). Therefore, the solubilized receptors in 
sucrose monolaurate are more labile than in digitonin [40], 
and in the present study the detergent concentration of 
0.04% caused a considerable loss of [3H]CCK-8S binding 
sites. 

A controlled increase in membrane fluidity can also be 
achieved with increasing incubation temperatures, but in 
this case the critical point is inactivation of the receptors. 
The tentative binding parameters of [3H]CCK-8S and its 
GTP dependence as well as fluidity of membranes deter- 
mined at 30” were very close to the analogous parameters at 
21” in the presence of 0.04% digitonin. Taken together, 
these results support the idea of the crucial role of mem- 
brane fluidity on the guanyl nucleotide-dependent binding 
of [3H]CCK-8S to rat cortical membranes. The temperature 
of 21”, which was selected to be optimal for the character- 
ization of [3H]CCK-8S binding to rat cortical membranes, 
seems to be below the transition temperature of membranes 
and corresponds to the “frozen” state, where fatty acyl 
chains of lipids are packed together in an ordered crystal- 
line form [41]. In this case, the free communication and 
movement of proteins in membranes is greatly hindered. 
Thus, most CCK, receptor-G protein complexes in the 
membranes appear to be in such a frozen state, and guanine 
nucleotides are not able to break these complexes and turn 
the receptors into low-affinity state. Most membrane pro- 
teins require the lipids to be in a “fluid” state for optimal 
activity, and this also seems to be the case for CCKa 
receptors and G proteins in rat cortical membranes. The 
transition temperature is a characteristic of the membrane 
and is affected by several membrane components such as 
cholesterol and proteins [41]. It is proposed that the effect 
of digitonin in the present study is connected with the 
decrease in transient temperature and/or with the decrease 
in the structural order of the membranes. Thus, room 
temperature is suitable for the determination of the number 
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of receptors and their affinity, but cannot be used for the 
characterization of interactions between CCK receptors 
and G proteins. For the latter purpose, a higher incubation 
temperature has to be used or some digitonin added to 
increase membrane fluidity for adequate communication 
between proteins to occur. 
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