
Pharmacology Biochemistry and Behavior, Voi. 44, pp. 133-139, 1993 0091-3057/93 $6.00 + .00 
Printed in the U.S.A. All fights reserved. Copyright © 1992 Pergamon Press Ltd. 

Solubilization of Benzodiazepine Receptors 
From Long- and Short-Sleep Mice 

J E A N N E  M.  W E H N E R ,  1 T H O M A S  Z.  BOSY A N D  L E A  A .  W A L T R I P  

Institute for  Behavioral Genetics and School o f  Pharmacy, Box 447, 
University o f  Colorado, Boulder, CO 80309 

Received  6 A p r i l  1992 

WEHNER, J. M., T. Z. BOSY AND L. A. WALTRIP. Solubilization of benzodiazepine receptors from long- and 
short-sleep mice. PHARMACOL BIOCHEM BEHAV 44(1) 133-139, 1993.-Previons studies have shown that long-sleep 
(LS) and short-sleep (SS) mice, which were selectively bred for differential responses to the sedative-hypnotic actions of 
ethanol, also differ in response to several other agents that act at the GABAergic receptor. Binding at cortical benzodia~pine 
receptors is enhanced differentially by GABA and ethanol in membranes prepared from the two lines of mice with SS 
receptors enhanced to a greater extent. Heat denaturation studies and other biochemical characterizations of these receptors 
suggest that the GABAergic receptor complex from the two lines of mice differs. The present study examined whether 
perturbation of receptor-membrane interactions by treatment with detergent altered either GABA enhancement of [3H]fluni- 
trazepam binding or ethanol enhancement of this binding. Octylghcopyranoside (OCTG), 3-[(3-¢holamidopropyl- 
dimethylammonio]-l-propanesulfonate (CHAPS), or deoxycbolate solubilization of cortical membranes resulted in a loss of 
the LS/SS difference in GABA enhancement. Ethanors effects on binding were altered differently from those of GABA by 
treatment with OCTG as an increase, not a decrease, in enhancement was observed in both lines of mice. These results 
suggest that protein-membrane interactions play an important role in mediating LS/SS differences in the allosteric interactions 
within the GABAergic receptor complex. 

Genetics Alcohol GABAergic receptors Membrane-protein interactions 

LONG-sleep (LS) and short-sleep (SS) mice are genetically 
selected lines of  mice bred for differential sensitivity to the 
sedative-hypnotic effects of  ethanol (21). This bidirectional 
selection study resulted in LS mice being extremely sensitive 
to high doses of  ethanol as measured by duration of  loss of  
the fighting response (sleep time) and SS mice being relatively 
insensitive to this effect of  ethanol (21). Differences in CNS 
sensitivity to ethanol underlie LS/SS response differences as 
only small differences in ethanol absorption or metabolism 
have been observed (30). Because ethanol can potentiate 
GABAergic function (2,34,35), potential differences in the 
GABAergic system have been explored extensively in these 
mouse lines. 

Behavioral studies of  responses of  the LS and SS selected 
lines of  mice to agents that can interact at the GABAergic 
receptor have indicated that regulation of  differential respon- 
siveness is not simple but rather is dependent upon the particu- 
lar agent and behavioral or physiological response (7,14, 
29,33). For example, LS mice are more sensitive to the seda- 
tive-hypnotic effects of  not only ethanol but also benzodiaze- 
pines (14,22). Differential responsiveness is also observed to 
some, but not all, barbiturates; these differential effects of  
barbiturates appear to depend upon lipid solubility of  the bar- 
biturate (15). Extensive data suggest that LS/SS differences in 

sleep-time response to ethanol and other GABAergic agents 
are associated with differential sensitivity of  the GABA- 
coupled CI-  channel in the cerebellum (2,3). GABA-potenti- 
ated (21- flux is increased by ethanol and flunitrazepam in LS 
cerebellar tissue while ethanol has little effect in SS cerebellar 
tissue (2,10). Total brain mRNA injected into Xenopus oo- 
cytes can reproduce the LS/SS difference in potentiation of  
GABA-stimulated CI- flux (34). 

In addition to differential responsiveness to the sedative- 
hypnotic actions of  drugs in LS/SS mice, other behavioral 
differences in response to GABAergic drugs have also been 
described (14,19,29,33) that are likely mediated by brain re- 
gions other than the cerebellum. LS mice are more susceptible 
to seizures produced by the giutamic acid decarboxylase 
(GAD) inhibitor 3-mercaptopropionic acid than are SS mice 
(18). LS mice are also more sensitive to the anxiolytic actions 
of  diazepam (33), but SS mice are more sensitive to the anti- 
convnlsant effects of  benzodiazepines (14). To determine 
whether, differences in the GABAergic receptor complex may 
mediate some of  these behavioral differences, analyses of  dif- 
fering components of  the GABAergic receptor have been per- 
formed. 

For the most part,  either no difference, or only modest 
differences, have been observed in GABA receptor number 
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(2), benzodiazepine receptor number (16,17), or binding at the 
barbiturate site (2,23). However, fundamental differences in 
properties of the cortical GABAergic receptor complex in LS 
and SS mice are supported by measurements of GABA en- 
hancement of [3H]flunitrazepam binding (SH-FNZ) (17,24), 
temperature effects on the potency of GABA to enhance 3H- 
FNZ binding (24), heat denaturation patterns of 3H-FNZ 
binding (16,24), and the effects of GABA and barbiturates 
on rates of dissociation of t-butylbicyclophosphorothionate 
(TBPS) from its binding sites (23). Further, in a more exten- 
sive genotypic survey including LS and SS mice a significant 
correlation between GABA enhancement of benzodiazepine 
binding in forebraln-washed membranes and susceptibility to 
seizures produced by a GAD inhibitor was observed (18). 
These data suggest that one or more of the subunits of the 
GABAergic receptor complex may be physically different or 
that membrane-receptor interaction may differ between LS 
and SS cortical receptors. Clearly, because of the heterogene- 
ity of GABAergic receptors it will be important to characterize 
potential differences in this receptor system to understand the 
nature of the biochemical variability that determines genetic 
variability in behavioral response. In the present study, we 
examined whether detergent solubilization and perturbation 
of normal receptor-membrane interactions in LS and SS corti- 
cal tissue have any effect on LS/SS differences in GABA or 
ethanol potentiation of 3H-FNZ binding in the cortex, a mea- 
sure correlated with seizure susceptibility to GAD inhibitors 
in these mice. The GABAergic receptor complex has been 
solubilized and purified using several detergents (31,32). A 
number of these detergents have allowed extraction of the 
receptor complex from the membrane while retaining the allo- 
steric properties of the receptor complex (5,9,32), thus allow- 
ing a comparison of LS and SS receptors in membrane prepa- 
rations with solubilized preparations. 

METHOD 

Animals 

Female LS and SS mice were obtained from the Institute 
for Behavioral Genetics (Boulder, CO). All mice were 60-90 
days of age when sacrificed by cervical dislocation. Animals 
were maintained on a 12 L : 12 D cycle (light 0700-1900) and 
permitted free access to food and water. 

Chemical 

3H-FNZ was purchased from New England Nuclear Prod- 
ucts (Boston, MA); specific activity = 85.3 Ci/mmol. All 
other chemicals were obtained from Sigma Chemical Co. (St. 
Louis, MO). 

Preparation of Membranes 

In each experiment, the enhancement was compared in 
membrane vs. solubilized tissue. These control membranes 
were assayed to examine whether various buffer and ionic 
conditions, as well as incubation conditions, affected the pre- 
viously described LS/SS differences. For each experiment, 13- 
15 cortices from each mouse line were dissected on ice and 
hippocampi removed. The pooled cortical tissue was homoge- 
nized in 30 ml 20 mM Tris citrate, pH = 7.1, at 4°C, using a 
motorized Teflon-glass homogenizer. Homogenates were cen- 
trifuged at 1,000x g for 10 rain. The resulting supernatant 
was centrifuged at 20,000x g for 20 min. The resulting P2 
pellet was washed five times in 30 ml buffer by repeated cen- 

trifugations at 20,000 × g for 20 min. After resuspension of 
the final pellet, approximately one third of the preparation 
was used to assay enhancement in membranes as described 
below. The remaining portion was recentrifuged and the pellet 
used for solubilization of receptors. 

Solubilization of Receptors 

In general, the procedures of Hammond and Martin were 
modified for preparation of solubilized membranes (9). The 
washed membrane pellet was resuspended in 5 mM Tris ci- 
trate, pH = 7.1, at 4°C. Protein concentration was deter- 
mined by the method of Lowry et al. (11). The sample was 
diluted to obtain a protein concentration of 8.0 mg/ml; this 
solution was then diluted to a final concentration of 4.0 rag/ 
ml in buffer (100 mM Tris citrate, pH = 7.1, at 4°C) contain- 
ing: EDTA (325.5 mg/l), soybean trypsin inhibitor (50 mg/l), 
bacitracin (50 mg/ml), and phenylmethysulfonyl fluoride 
(17.5 mg/1) containing detergent. The detergents tested in- 
cluded octylgiucopyranoside (OCTG; 1070 final concentration) 
(9), 3- [(3-cholamidopropyl)-dimethylammonio]- 1 -propanesul- 
fonate (CHAPS; 1.6070 final concentration) (9), or deoxycho- 
late (0.5070 final concentration) (12). After addition of deter- 
gents, samples were incubated for 30 rain on ice. Solubilized 
protein was subjected to centrifugation at 100,000x g for 60 
min. The resulting supernatant was used to assay for GABA 
or ethanol enhancement of 3H-FNZ binding as described 
below. 

Membrane Receptor Assays 

GABA and ethanol enhancement of 3H-FNZ binding was 
performed as previously described except some modifications 
were necessary to provide a better comparison with solubilized 
receptors. Assays were conducted in a 250-~1 volume contain- 
ing 3H-FNZ (1.0 nM), NaCI (200 raM), Tris citrate (100 raM, 
pH = 7.1, at 4°C), and varying concentration of GABA 
(10 .7 to 10 -4 M) or ethanol (20-60 mM). Reactions were initi- 
ated by the addition of membranes that were resuspended 
by hand homogenization immediately before addition to the 
reaction. Samples were assayed in duplicate and protein con- 
centration ranged from 200-300/zg/assay. Tubes were incu- 
bated for 30 min at 37°C, a temperature shown to optimize 
LS/SS differences in GABA or ethanol enhancement (4). 
However, because of the known effects of temperature on 
LS/SS differences in enhancement of 3H-FNZ binding (24) an 
additional incubation step was added to provide comparison 
with the solubilized receptors. Thus, after 30 min at 37°C test 
tubes were placed on ice for 30 rain. Reactions were stopped 
by the addition of 5 mM Tris citrate, pH = 7.1, and filtered 
on GF/C glass fiber filters (Whatman, Clifton, N J). Filters 
were washed twice with cold 5 mM Tris citrate buffer. Filters 
were counted by liquid scintillation methods in a Beckman LS 
7000 counter (Beckman Instruments, Fullerton, CA). Nonspe- 
cific binding was determined by the addition of flurazepam 
(10 -5 M) to some reaction tubes. Enhancement was calculated 
as the percent of specific binding in the presence of varying 
concentrations of GABA or ethanol. 

Soluble Protein Assays 

Assays were conducted as described for membrane prepa- 
rations except in 5 mM Tris citrate (pH = 7.1) in 1.0-ml eel 
with appropriate adjustments of radioligands, salts, and mod- 
ulators as described by others to give maximal enhancement 
in solubilized preparations (9). Two hundred microliters of 
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supernatant was added to start the reactions. Duplicate sam- 
pies were assayed and incubated at 37°C for 30 rain. Protein 
was precipitated by incubation on ice for 30 rain after the 
addition of  75 #1 ~,-globulin (33 mg/mi)  and 425 #1 35.2°70 
PEG followed by vortexing until a white precipitate appeared. 
Samples were incubated on ice for 30 rain, filtered over GF/B  
glass fiber filters (Whatman), and washed twice with ice-cold 
5 mM Tris citrate buffer, pH = 7.1, containing 8070 PEG. 
Samples were counted as above and per cent enhancement 
calculated. 

Data Analysis 

Data were analyzed first using a four-way analysis of  vari- 
ance (ANOVA) to compare mouse lines, the various deter- 
gents, treatment of  tissue (membrane vs. solubilized prepara- 
tions), and concentration effects of  GABA. The experiments 
with ethanol were analyzed by a 3-way ANOVA to compare 
mouse lines, treatment of tissue, and concentration of  etha- 
nol. Significant interaction terms were further analyzed by 3-, 
2-, or 1-way ANOVAs as appropriate.  

RESULTS 

GABA Enhancement of JH-FNZ Binding 

The effects of  solubilization on GABA enhancement of  
cortical 3H-FNZ binding was evaluated in tissue from LS and 
SS mice using three different detergents. In general, the condi- 
tions used in this study (buffers and incubation temperatures) 
resulted in less robust LS/SS differences in GABA enhance- 
ment of  binding in membranes than those previously reported 
(17,18,24); however, line differences were still significant. Re- 
suits of  a four-way ANOVA indicated significant main effects 
of  mouse line, F(1,291) = 7.97, p < 0.01, type of  detergent, 
F(2, 291) = 40.8, p < 0.0001, and concentration of  GABA, 
F(3, 291) = 61.3, p < 0.0001. Significant interactions in- 
cluded: line x tissue treatment x detergent, F(2, 291) = 
6 .72 ,p  < 0.001; line x tissue treatment, F(1,291) = 14.99, 
p < 0.0001; tissue treatment × detergent, F(2, 291) = 59.3, 
p < 0.0001; tissue treatment x GABA, F(3, 291) = 3.62, 
p < 0.05; and detergent x GABA concentration, F(6, 291) 
= 4.36, p < 0.001. While all these interactions were further 
analyzed, only those results that provided insights into mouse 

line differences or differential effects of  detergents in the two 
tissue preparations are presented here. 

The line x tissue interaction was further analyzed and the 
results indicated that enhancement by GABA was different in 
membranes prepared from LS and SS mice such that SS mice 
showed a greater enhancement, F( I ,  147) = 17.7, p < 0.001. 
However, in solnhilized tissues the LS/SS difference was lost. 
It  was apparent from the interaction terms that all the deter- 
gents may not be producing the same effects in the mouse 
fines or in the two tissue preparations. This possibility was 
tested by analyzing each detergent treatment separately. The 
data for each detergent is presented in separate figures. 

The results of  sohibilization with OCTG are shown in Fig. 
1. A two-way ANOVA indicated that there was no significant 
difference between LS and SS tissue but there was a significant 
effect of  tissue treatment, F( I ,  101) = 17.6, p < 0.001, and 
a significant line x tissue interaction, F(1, 101) = 9.58, p 
< 0.01. This interaction appears to be due to the fact that SS 
tissue was enhanced to a greater degree than LS tissue in the 
membrane fraction prior to solubilization, F ( I ,  51) = 8.82, 
p < 0.01, but in the OCTG-solubilized preparation the LS/  
SS difference was lost. Further, as shown in Fig. 1, LS tissue 
showed no change in GABA enhancement after solubilization, 
F(1, 48) = 0.9, p < 0.33, while enhancement in SS tissue was 
affected more by solubilizadon, F(1, 38) = 3.26, p < 0.07. 
Any difference in how OCTG solubilization altered binding 
in LS and SS tissue was not due to differential recovery of  
protein because 70-80070 of  the starting membrane protein was 
recovered after solubilization in both LS and SS tissue. 

The effects of  solubilization on GABA enhancement of  
benzodiazepine binding in LS and SS cortex with the detergent 
CHAPS is shown in Fig. 2. With CHAPS, there was no main 
effect of  mouse line when data was collapsed across GABA 
concentration. There was a significant effect of  tissue treat- 
ment, F(1,110) = 32 .7 ,p  < 0.0001, such that in solubilized 
tissues from both lines GABA enhancement was greater than 
in the original membranes. There was no significant line x 
tissue treatment interaction, indicating that LS and SS tissue 
was not differentially affected by CHAPS solubilization. 

The effects of  solubilization by deoxycholate on GABA- 
enhanced 3H-FNZ binding are shown in Fig. 3. In general, 
deoxycholate solubilization produced the smallest changes in 
GABA enhancement of  binding of  the three detergents. There 
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FIG. 1. GABA enhancement of [3H]flunitrazepam (3H-FNZ) binding and the effects of octylglucopyrano- 
side (OCTG) solubilization. Cortical tissue was prepared and assayed as described in the Method section; 
each point represents mean ± SEM for n = 5-7 experiments. LS, long-sleep mice; SS, short-sleep mice. 
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FIG. 2. GABA enhancement of [SH]flunitrazepara (3H-FNZ) binding and the effects of 3-[(3- 
cholamidopropyl-dimethylammonio]-l-propanesulfonate (CHAPS) solubilization. Cortical tissue was 
prepared and assayed as described in the Method section; each point represents mean + SEM for n = 
6-7 experiments. LS, long-sleep mice; SS, short-sleep mice. 

was a significant effect of tissue treatment, F(1, 78) = 4.98, 
p < 0.05, but no significant main effect of mouse line or a 
significant line x tissue interaction. The recovery of protein 
after deoxycholate was lower than for the other detergents but 
was not different between the two fines (LS = 42.3 + 0.98%, 
SS = 41.5 + 0.75%). 

Ethanol Effects on ~H-FNZ Binding 

The effects of treatment with OCTG on ethanol enhance- 
ment of 3H-FNZ binding were also examined in cortical mem- 
branes from LS and SS mice. We and others reported pre- 
viously that 3H-FNZ binding is enhanced to a greater extent 
by ethanol in the cortex of SS mice than in LS mice (4,25), 
but detecting this difference in membrane preparations is de- 
pendent upon incubation temperature such that a line differ- 
ence is observed at 37 but not at 4°C (4). Therefore, because 
of the necessity of incubating the membranes at 4°C after 
equilibrium binding was performed the differences between 
ethanol enhancement in washed membranes were smaller than 

observed in our previous studies and only evident at the 
60-mM concentration. LS and SS tissues were not different 
at all ethanol concentrations using the conditions employed 
here. Nevertheless, it was of interest to determine whether 
solubilization with OCTG produced the same effects on 
ethanol enhancement as were observed on GABA enhance- 
ment. 

A three-way ANOVA comparing mouse line, tissue treat- 
ment, and ethanol concentration showed no main effect of 
mouse fine. Solubilized receptors were enhanced to a greater 
degree than membranes, as indicated by the significant main 
effect of tissue treatment, F(l ,  88) = 24.2, p < 0.0001. A 
significant effect of ethanol concentration, F(2, 88) = 4.65, 
p < 0.05, was observed, but the line x ethanol concentration 
interaction only approached significance, F(2, 88) = 2.63, 
p = 0.078. 

Therefore, unlike the effects of OCTG solubilization on 
GABA enhancement of binding (see Fig. I), where GABA 
enhancement was decreased after OCTG solubilization and 
LS and SS tissue were differentially altered by solubilization, 
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FIG. 3. GABA enhancement of [3H]flunitrazepam (~H-FNZ) binding and the effects of deoxycholate solu- 
bilization. Cortical tissue was prepared and assayed as described in the Method section; each point represents 
mean + SEM for n = 4-3 experiments. LS, long-sleep mice; SS, short-sleep mice. 
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FIG. 4. Effects of ethanol on [3H]flunitrazepam (3H-FNZ) binding in membranes and octylglucopyranoside (OCTG)-solubilized 
membranes. Cortical tissue was prepared and assayed as described in the Method section; each point represents mean + SEM for 
n ffi 6-8 experiments. LS, long-sleep mice; SS, short-sleep mice. 

ethanol enhancement of binding was increased but not differ- 
entially in tissue from the two tines of mice (Fig. 4). 

D I S C U S S I O N  

In general, solubitization of membrane preparations from 
LS and SS cortical tissue resulted in a loss of differences in 
GABA enhancement between these two tines of mice. In some 
cases, such as with OCTG solubitization and GABA enhance- 
ment of binding, the SS cortical tissue was affected more by 
interruptions of normal receptor-membrane interactions than 
was tissue from LS mice. Such a differential effect on mem- 
brane properties is not unique to this study. McIntyre et al. 
(24) showed that GABA enhancement of 3H-FNZ binding was 
decreased in LS membranes by lowering the incubation tem- 
perature and presumably altering membrane fluidity. Thus, it 
appears that various methods of changing receptor-membrane 
interactions result in differential changes in the GABAergic 
receptor complex from the two lines of mice. 

The effects of OCTG solubilization on allosteric interac- 
tions in the GABAergic complex is at least partially dependent 
upon the enhancing drug. While GABA enhancement of 3H- 
FNZ binding was decreased after solubitization, ethanol ef- 
fects were increased, suggesting that the conformation of the 
receptor may change as a function of solubitization. Alterna- 
tively, perhaps because of micelle formation, solubitization 
may lead to differential accessibility of the two enhancing 
agents to the receptor. 

The degree to which GABA enhanced binding in the vari- 
ous solubitized preparations was dependent upon the specific 
detergent. Others observed that barbiturate enhancement of 
muscimol and benzodiazepine binding is not reproducible in 
deoxycholate-treated membrane preparations (28). We ob- 
served little enhancement by GABA in deoxycholate-treated 
membranes. Likewise, the detergent CHAPS, which has char- 
acteristics of both the polar sulfobetaine-contalning deter- 
gents and the hydrophobic bile salt anionic detergents, allows 
retention of barbiturate enhancement of 3H-FNZ and 
[3H]muscimol binding in solubitized preparations (28,32). 
Consistent with the properties of CHAPS, a substantial in- 
crease in GABA enhancement of 3H-FNZ binding was ob- 
served here. 

Our previous studies (16), as well as those of others (23,24), 
suggested that LS and SS cortical receptors may be different 
physical entities. However, there have been no reports thus 
far of differences in the cloned DNA sequences or expression 
of the GABAergic receptor subunits from LS and SS mice. 
Presuming that receptor-membrane interactions are disrupted 
by detergent solubilization due to the removal of lipid, these 
data suggest that subtle differences in the protein-lipid inter- 
actions may exist between the two lines. The results of studies 
by Collins et al. (6) suggested that such differences may exist 
between LS and SS brain membranes. Their investigations 
examined the effects of ethanol and temperature on transition 
temperatures by constructing Arrhenius plots for several 
membrane-bound enzymes. Only the activity of the low Ki 
NaK-ATPase, an integral membrane protein, was affected dif- 
ferentially in LS and SS membranes. Neither another integral 
glycoprotein (5'-nucleotidase) nor a peripheral membrane 
protein (acetylcholinesterase) were altered differentially. Fur- 
ther biochemical characterization of the LS/SS difference in 
NaK-ATPase by heat inactivation and electrophoretic com- 
parisons indicated no intrinsic differences in the enzyme from 
the two tines 03). Thus, the LS/SS differences in the effects 
of alcohol on NaK-ATPase activity at various temperatures 
suggest that unique protein-membrane interactions may exist 
that are specific to certain transmembrane proteins. 

The site of action for alcohols and anesthetics in CNS 
membranes is the subject of considerable debate. Some inves- 
tigators favor lipids as the site of interaction (20), while others 
believe that alcohols and anesthetics interact directly with pro- 
teins (8,26). The simplest interpretation of the data presented 
here is that detergents are removing tipids essential in main- 
taining greater enhancement of benzodiazepine in SS mem- 
branes. However, it is also possible that solubitization releases 
some other modulator, such as a protein or peptide, that is 
important for maintenance of some LS/SS differences in GA- 
BAergic receptors. We believe that enhancement of benzodi- 
azepine binding by GABA and ethanol in washed cortical 
membranes from LS and SS mice does not relate to the anes- 
thetic actions of drugs at the GABAergic receptor because 
differences in enhancement do not correlate to sleep-time dif- 
ferences in these tines but rather correlate to differences in 
seizure susceptibility (18). 
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The results of other studies of the GABAergic system in LS 
and SS mice favor a role for proteins in mediating differential 
anesthetic responses to ethanol. Ethanol potentiation of GA- 
BA-stimulated CI- flux in LS mice and several other ethanol- 
sensitive lines of mice is greater than in comparable selected 
lines of mice that are insensitive to the sleep-time-inducing 
properties of ethanol (1-3). It would appear that the argument 
for proteins as the site of action mediating ethanol's anesthetic 
effects is supported by the fact that oocytes injected with total 
brain mRNA from LS and SS mice reproduce the line differ- 
ences in ethanol's effects on GABAergic currents (34). Thus, 
it appears that the LS/SS difference most closely correlated 
to sleep-time differences can be reconstituted even in a foreign 
membrane system. Because of the diverse actions of ethanol 
and benzodiazepines in the CNS and the known heterogeneity 

of GABAergic receptors (27), there may be multiple ways in 
which LS and SS GABAergic receptors differ. 

In summary, the results of these studies suggest that dif- 
ferences in aUosteric interactions as measured by enhance- 
ment of benzodiazepine binding within the cortical GABA- 
ergic receptor system of LS and SS mice may be due to 
subtle differences in protein-membrane interactions that are 
important for maintenance of benzodiazepine receptor con- 
formation. 
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