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Abstract 

a-[3H]Dihydropicrotoxinin (DHP) and [3H]diazepam binding proteins were solubilized from rat 
brain membranes with 1% Lubrol-Px. Gel filtration of the Lubrol-solubilized fraction revealed that 
[3H]DHP and [3H]diazepam bind to two distinct peaks with apparent molecular weights of 185,000 
and 61,000, respectively. The signal-to-noise ratio of [3H]DHP binding to 185,000-dalton fractions 
was improved significantly. [3H]DHP bound to the 185,000-dalton fraction with two binding 
constants. Muscimol and pentobarbital, while enhancing [3H]diazepam binding to membrane and 
crude Lubrol-solubilized fractions, failed to enhance [3H]diazepam binding to the 61,000-dalton 
fraction. Pentobarbital inhibited the binding of [3H]DHP to the 185,000-dalton fraction with an IC5” 
value of 60 + 12 PM. The binding of [3H]DHP also was inhibited by several depressant and 
convulsant drugs which affect y-aminobutyric acid (GABA)-mediated transmission. These results 
provide strong evidence that picrotoxinin and diazepam bind to two distinct proteins and that 
pentobarbital may act at the picrotoxinin-sensitive site of the benzodiazepine . GABA receptor. 
ionophore complex. 

The y-aminobutyric acid (GABA) receptor system ap- 
pears to be composed of multiple components, including 
GABA recognition sites (Enna and Snyder, 1975; Olsen 
et al., 1979), benzodiazepine sites (Squires and Braestrup, 
1977; Mohler and Okada, 1977), and picrotoxinin (a-di- 
hydropicrotoxinin) sites (Ticku et al., 1978; Olsen et al., 
1979). A variety of centrally acting drugs have been 
reported to affect GABAergic transmission (Nicoll, 1975; 
Barker and Ransom, 1978; Bowery and Dray, 1976; 
Scholfield, 1980; Talhnan et al., 1980). To understand 
better the interaction of these drugs at the molecular 
level requires solubilization and purification of compo- 
nents of the benzodiazepine . GABA receptor. ionophore 
complex and subsequent reconstitution. Recently, GABA 
(Greenlee and Olsen, 1978), benzodiazepine (Yousufi et 
al., 1979; Lang et al., 1979; Gavish et al., 1979; Gavish and 
Snyder, 1981), and picrotoxinin (Davis and Ticku, 1980, 
1981a) binding sites have been solubilized. 

We have reported previously that a variety of depres- 
sant and convulsant drugs which affect GABAergic trans- 
mission inhibit the binding of a biologically active ana- 
logue of picrotoxinin, a-[3H]dihydropicrotoxinin (DHP) 
to rat brain membranes (Ticku et al., 1978; Ticku and 
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Olsen, 1978, 1979; Olsen et al., 1979). However, a major 
problem in [3H]DHP binding to membranes has been an 
unfavorable signal-to-noise ratio (Ticku et al., 1978; 
Ticku and Olsen, 1978). This ratio usually represents 1 
part bound to 9 to 10 parts background. Recently, we 
improved this signal-to-noise ratio significantly by solu- 
bilizing the DHP binding sites with Lubrol-Px (Davis 
and Ticku, 1980, 1981a). In this paper, we report that we 
have purified the DHP binding receptors with a much 
improved signa&to-noise ratio. We also provide evidence 
that [3H]DHP and [“Hldiazepam bind to two distinct 
proteins. Furthermore, we have investigated the inter- 
action of the GABA agonists, muscimol and pentobarbi- 
tal, with r3H]DHP and [3H]diazepam binding sites at 
subcellular and molecular levels. 

Materials and Methods 

r3H]Diazepam (76.8 Ci/mmol), [“H]DHP (29.96 Ci/ 
mmol), and [“Hlmuscimol (10.3 Ci/mmol) were obtained 
from New England Nuclear (Boston, MA). Nonradioac- 
tive benzodiazepines were gifts from Dr. W. Scott (Hoff- 
mann-La Roche, Nutley, NJ). Stereoisomers of N- 
methyl-5-phenyl-5-propyl barbituric acid (MPPB) were 
gifts from Dr. Knabe (Saarland, West Germany) and 5- 
(1,3-dimethylbutyl) -5-ethyl barbituric acid (DMBB) was 
a gift from Eli Lilly and Co. (Indianapolis, IN). Other 
chemicals were purchased from Sigma Chemical Co. (St. 
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Louis, MO). Gel filtration supplies were purchased from 
Pharmacia (Piscataway, NJ). 

Solubilization procedure. Male Sprague-Dawley rats 
(200 to 225 gm) were decapitated and their brains were 
removed. The mitochondrial plus microsomal (Pz + P3) 
fraction was prepared as described (Ticku et al., 1978). 
The Pp + Ps pellet was resuspended in buffer (0.2 M 

NaCl, 10 mM sodium phosphate, pH 7.0, at 4“C) and 
solubilized with 1% Lubrol-Px for 30 min as described 
(Davis and Ticku, 1981a). The suspension was centri- 
fuged at 100,000 X g for 45 min. The clear supernatant 
was removed, placed in dialysis tubing (exclusion limit, 
12,000) and dialyzed against 250 ml of buffer for 4 hr at 
0 to 4°C. This fraction is referred to as the crude Lubrol 
fraction. This fraction was used for binding studies as 
such or subjected to gel filtration as described below. 

Gel filtration. Sephadex G-200 (fine) was allowed to 
swell in buffer containing 0.2 M NaCl, 10 n-nu sodium 
phosphate, pH 7.0, at 4°C. The hydrated gel and buffer 
were deaerated routinely under vacuum prior to use. The 
gel was poured into jacketed columns (1.5 X 84 or 2.5 x 

40 cm). Crude Lubrol fraction (3 to 4 ml) was layered on 
the equilibrated column and eluted with the above buffer. 
Elute fractions (1 ml) were collected and ultraviolet 
absorption of the column elute was monitored at 280 nm 
with a recording spectrophotometer. Constant flow rates 
(25 ml/l-n-) were maintained by a pump system. The 
elution volumes ( VE) were corrected for the volume of 
tubing from the column tip to the collecting tube. Blue 
dextran (2000, Pharmacia), which was excluded com- 
pletely from the gel interior, was used to determine the 
void volume ( VO). Tritiated water, which occupies both 
interior and exterior phases, was used to determine the 
total volume (VT). For Stoke’s radius and molecular 
weight determinations, Sephadex G-200 was calibrated 
with standard bovine serum albumin, aldolase, catalase, 
and ferritin. Column calibration was carried out routinely 
and the elution volumes of any standard protein usually 
agreed within +2.0 ml. 

Binding studies. The binding of r3H]DHP (Davis and 
Ticku, 1980,198la) and [3H]diazepam (Davis and Ticku, 
1981b) to the soluble receptors was measured by a cen- 
trifugation assay as described. This is a modification of 
the methods of Cuatrecasas (1972) and Leberman (1966). 
Briefly, aliquots (in triplicate) of the crude Lubrol frac- 
tions obtained by gel filtration were incubated with either 
34 nM C3H]DHP (15 min) or 1 nM [3H]diazepam (30 min) 
with or without other drugs in a total incubation volume 
of 1 ml. Following incubation, 0.5 ml of 1% (w/v) bovine 
y-globulin and 0.5 ml of 24% polyethylene glycol (PEG, 
6000) were added to the vials. The vials were centrifuged 
at 48,000 x g for 10 min. The pellet was washed rapidly 
with 5 ml of cold buffer, solubilized overnight with 0.3 ml 
of Soluene (Packard), and counted in 3 ml of scintillation 
fluid containing 5 gm of 2,5-diphenyloxazole per liter of 
toluene. Nonspecific binding was measured under iden- 
tical conditions and in the presence of 100 PM DHP for 
[“H]DHP binding and 10 PM diazepam for [3H]diazepam 
binding. The binding of [3H]DHP (Ticku et al., 1978) and 
[“Hldiazepam (Ticku, 1981) to membranes was measured 
as previously described. [3H]Muscimol binding was stud- 
ied by a similar centrifugation assay, using 10 nM [3H]- 

muscimol. Nonspecific binding for [3H]muscimol was 
measured in the presence of 100 PM GABA. The counting 
efficiency was 42 f 2%. Protein was measured by the 
method of Lowry et al. (1951). 

Results 
Table I shows that specific binding of [3H]diazepam, 

[3H]muscimol, and [3H]DHP was present in the crude 
Lubrol fraction. We have reported recently that this 
fraction binds [3H]DHP (Davis and Ticku, 1980, 1981a) 
and C3H]diazepam (Davis and Ticku, 1981b) with binding 
constants and ligand specificity similar to that reported 
for membrane receptors. 

Gel filtration of crude Lubrol fraction. When crude 
Lubrol-solubilized extract was chromatographed on 
Sephadex G-200, a major protein peak representing 60 to 
70% of the applied protein appeared in the void volume 
(data not shown). After the void volume, 25 to 27% of 
the applied protein was eluted as two major protein 
peaks. Initial binding studies indicated that r3H]DHP 
binding was associated with the high molecular weight 
peak (peak I) and that [3H]diazepam binding was asso- 
ciated with the low molecular weight peak (peak II). The 
two peaks (without the void volume) were pooled and 
rechromatographed separately on Sephadex G-200. Fol- 
lowing the second gel filtration, the two peaks were 
clearly separated (Fig. 1). In each case, the recovery of 
protein averaged greater than 90%. The elution profile 
shown in Figure 1 is the one obtained after the second 
gel filtration. The specific binding of [3H]DHP was as- 
sociated with peak I, and E3H]diazepam binding was 
associated with peak II. 

Table II shows the distribution of r3H]DHP and [3H]- 
diazepam binding in the membranes, in the crude Lubrol 
fraction, and in peaks I and II. Specific C3H]DHP and 
[3H]diazepam binding was present in both the mem- 
branes and the crude Lubrol fraction. The specific bind- 
ing of [3H]DHP was improved significantly from -17% 
in the membranes to -43% in the crude Lubrol fraction 
(Table II, a and b). 

TABLE I 
Benzodiazepine . GABA receptor. ionophore complex ligand binding 

in the crude Lubrol-solubilized fraction 
The binding of [3B]diazepam, [3H]muscimol, and [3H]DHP to a 

soluble fraction was measured by PEG centrifugation assay. The spe- 
cific binding of [“H]muscimol represented 40 + 48, and for r3H]DHP, 

it was 38 f 4% of the total pelleted radioactivity. The values represent 
the mean + SD of a typical experiment done in triplicate. Similar 
results were replicated three times. 

In Presence of 
In Absence of Excess Nonra- Displace- Specific 
Excess Nonra- dioactive Ligand able 

dioactive Ligand (i.e., Back- Binding Binding 

ground) 

(a) [“H]Diaze- 
pam, 1 nbf 

(b) [3H]Musci- 
mol, 10 UM 

(c) &H]Dihy- 
dropicrotoxi- 
nin, i%i UM 

CPm 
pm&W 

protein 

9,174 + 169 4,609 f 166 4,565 0.137 

9,945 f loo 5,694 f 382 4,251 1.054 

10,507 f 138 4,982 +- 238 5,527 0.374 
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Following gel filtration, [3H]DHP and [3H]diazepam 
binding components could be separated (Table II, c and 
d). Thus, specific [3H]DHP binding was present in peak 
I and [3H]diazepam binding was present in peak II. Table 
116 also shows that peak II, which is the [3H]diazepam 
binding fraction, binds r3H]DHP significantly in a non- 
specific (i.e., nondisplaceable) manner. In contrast, peak 
I, which binds [3H]DHP specifically, had minimal non- 
specific binding. The signal-to-noise ratio of r3H]DHP in 
the peak I fraction varied from 3.5 to 6 parts bound to 1 
part background. Furthermore, [3H]muscimol binding, 
which was present in the crude Lubrol-solubilized frac- 
tion (Table Ib), co-migrated with peak I (data not 
shown). 

Molecular properties of peak I and peak II proteins. 
The molecular weights of peak I and peak II proteins 
were obtained by gel filtration (Fig. 2). Table III lists the 
molecular properties of peak I and II proteins. The 

molecular weights of peaks I and II, as obtained by gel 
filtration, were 185,000 + 6,000 and 61,000 & 5,000 (n = 
3), respectively. Comparison of these peaks with refer- 
ence proteins (Fig. 2) indicates a Stoke’s radius of 60.0 
& 1.7 A for peak I and 20.8 f 3.0 A for peak II (n = 3). 
The Stoke’s radius values for the two proteins were 
highly reproducible. The sedimentation coefficients 
(sZO,J of these two peaks indicated values of 8.32 + 3.0 
for peak I and 8.23 + 1.0 for peak II (n = 3). 

Binding constants of r3H]DHP binding to 185,000- 

dalton fraction. A typical Scatchard plot of r3H]DHP 
binding to the 185,000-dalton fraction is shown in Figure 
3. The Scatchard plots were curvilinear, suggesting het- 
erogeneity of the DHP binding sites. However, curved 
Scatchard plots also could imply negative cooperativity 
or a two-step binding reaction. The binding constants of 
[3H]DHP binding were obtained by subjecting the Scat- 
chard data to one-ligand two non-interacting binding 

70 90 110 130 

Elution Volume (ml) 
Figure 1. Gel fitration elution profile on Sephadex G-200 of the 1% crude 

Lubrol-solubilized fraction from rat brain membranes. The data were obtained 
following the removal of the void volume, and the pooled fractions of peaks I and 
II were rechromatographed separately. Peaks I and II show the distribution of 
[“H]DHP and [3H]diazepam, respectively. 

TABLE II 
[“H]Diazepam and r3H]DHP binding in rat brain membranes, crude Lubrol extract, and purified fraction 

[“H]Diazepam (Ticku, 1981) and [3H]DHP (Ticku et al., 1978) binding to membranes was measured by a filtration and centrifugation assay, 
respectively, as described. The binding of these ligands to the crude Lubrol and peak I and II fractions was measured by a centrifugation assay 
as described under “Materials and Methods.” One nanomolar [“Hldiazepam and 34 nM [‘H]DHP were used. The results are the mean f  SD of 
one experiment (in triplicate). Similar results were replicated three times. 

[JH]Diazepam Binding 

Total Nonspecific 
Protein Binding Binding 

cPm mg/assay 

(a) Membranes 1,554 + 35 231 f 65 0.073 

(b) Crude Lubrol 9,557 + 161 3,686 k 147 0.406 
fraction 

(c) Peak I 356 f 10 323 + 34 0.320 
(d) Peak II 5,992 + 166 355 + 15 0.310 

a Values in the parentheses are the signal-to-noise ratios. 

Specific 
Binding 

cpm/mg 

18,123 
14,678 

103 
14,990 

[RH]DHP Binding 

Total Nonspecific 
Binding Binding Protein Specific Binding 

cpm mg/assay cpmhg 

33,765 + 915 28,921 + 898 1.900 3,075 (0.17)” 
14,316 + 360 10,009 f 118 0.602 7,178 (0.43)” 

6,429 + 95 1,404 f 65 0.370 13,581 (3.60)” 

6,865 + 149 6,629 + 121 0.301 684 
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Figure 2. Molecular weight determination of DHP and di- 
azepam receptors by gel filtration. Molecular weights were 
determined by comparison with standard protein and were 
calculated by regression analysis. 

TABLE III 

Molecular properties of picrotoxinin and benzodiazepine receptors 
These parameters were obtained by Sephadex G-200 gel filtration. 

The standards run in parallel are shown in Figure 2. The values are the 
mean -C SD of three separate experiments. 

Stoke’s 
Radius 

Sedimentation 
Coefficient 

Molecular 
Weight” 

Peak I 

(DHP receptor) 
Peak II 

(Benzodiazepine 

recentor) 

A s2au, 

63.00 + 1.7 8.32 f 3.0 185,000 + 6,000 

20.80 rt_ 3.0 8.23 f 1.0 61,000 f 5,000 

” Molecular weights were determined by gel filtration. 

sites, according to the curve-fitting procedure of Feldman 
(1972). The high affinity site had a Kol value of 0.054 + 
0.009 PM and a B,,, I o f 0.930 f 1.55 pmol/mg of protein, 
and the low affinity site had a KDZ value of 0.546 + 0.065 
PM and a B,,, 2 o f 7.178 + 0.168 pmol/mg of protein 
(values are mean + SD of four separate experiments, 
each done in triplicate). 

Binding of benzodiazepines to 61,000-da&on fraction. 
[“H]Diazepam binding to the 61,000-dalton fraction was 
saturable. [“H]Diazepam and [3H]flunitrazepam bound 
to this fraction with apparent Ko values of 6.11 +- 0.98 
and 1.55 + 0.03 nM (n = 2). [3H]Diazepam binding was 
inhibited by clonazepam with an IC& value of 1 nM and 
by diazepam with an I&o value of 8 nM. 

Effect of muscimol and pentobarbital on r3HJdiaze- 
pam binding. Table IV shows that muscimol and pen- 
tobarbital enhance [3H]diazepam binding to membrane 
and crude Lubrol fractions. However, these ligands did 
not enhance [“Hldiazepam binding to the 61,000-dalton 
fraction (peak II). Table V shows that specific [3H]mus- 
cimol binding was present in the crude Lubrol and 

185,000-dalton fractions but not in the 61,000-dalton frac- 
tion. These results indicate that muscimol binding sites 
had migrated with the 185,000-dalton fraction (peak I). 
[3H]Muscimol binding to the 185,000-dalton fraction was 
displaced by GABA (I&o = 0.1 PM) and (+)-bicuculline 
(I&O = 4 PM) but not by P-alanine and nipecotic acid. 

Effect of depressant and convulsant drugs on [3H]- 
DHP binding to 185,000-da&on fraction. Table VI com- 
pares the I&O values of some depressant and convulsant 
drugs on the binding of [3H]DHP to the 185,000-dalton 
and membrane fractions. [3H]DHP binding was inhibited 
by convulsants, such as picrotoxinin, DHP, R05-3663, 
isopropyl bicyclophosphate, cyclohexylidene barbituric 
acid (CHEB), and pentylenetetrazole. Depressant bar- 
biturates, such as hexobarbital, pentobarbital, and seco- 
barbital, also inhibited [3H]DHP binding. Figure 4 shows 
a dose-dependent displacement of [3H]DHP binding by 
pentobarbital. The I&O value for pentobarbital inhibition 
of [3H]DHP binding was 60 + 12 PM (mean f SD, n = 3). 
[3H]DHP binding to the 185,000-dalton fraction was not 
inhibited by GABA agonists and other unrelated drugs 
(Table VI). 

Discussion 

We have solubilized the picrotoxinin binding receptor 
from rat brain membranes successfully. Our results 
clearly indicate that this protein is very closely associated 
with the benzodiazepine receptor in the membranes and 
in the crude Lubrol-solubilized fraction (under the con- 
ditions described under “Materials and Methods”). How- 
ever, following gel filtration, this protein could be disso- 
ciated from the benzodiazepine . GABA receptor. iono- 
phore complex. Additionally, we have resolved a major 
problem of high nonspecific [3H]DHP binding usually 

301 

0. 
0 . 1 

0 IO 20 30 40 50 60 70 

[3H] - DHP Bound (pmol/mg Protein) 

Figure 3. Scatchard plot of [“H]DHP binding to 185,000- 
dalton fractions. [3H]DHP was varied for the low concentration 
points (4 to 100 nM) and for the high points (>lOO nM); the 
concentration of nonradioactive DHP was varied, keeping 
[3H]DHP constant at 100 nM. Background obtained in the 
presence of 10m4 M DHP was subtracted from each point. 
Binding data were plotted as a Scatchard plot. KI) and B,,, 
values were obtained by Feldman (1972) analysis and are pre- 
sented in the text. 
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Effect of pentobarbital and muscimol on [3H]diazepam binding 

The binding of [3H]diaxepam to the crude Lubrol and 61,000-dalton fractions was measured by a centrifugation assay as described under 
“Materials and Methods.” The results are the mean f SD of one experiment (in triplicate) in which the 61,000-dalton fraction was obtained by 
gel filtration of the same crude Lubrol fraction used for the binding studies. Similar results were replicated four times. The values in parentheses 

are the enhancement over base line control values. 

Treatment 

Control (100%) 
-I- 1oe7 M mUSCiIIIO1 

+10e5 M mUSCimO1 

+10m4 M pentobarbital 

+ 1O-3 M pentobarbital 

Membrane” 

119.3 f 8.7 

182.4 rt 8.2 (f 53%) 
330.9 f 6.9 (t 177%) 
152.5 zt 7.1 (7 28%) 
228.9 f 9.7 (t 92%) 

Specific [SH]Diazepam Binding 

Crude Lubrol Fraction 

fmol/mg protein 
115.7 + 8.4 

N.T.b 

265.3 f 11.4 (t 119%) 
138.8 + 4.6 (t 20%) 

183.6 f 6.8 (t 59%) 

61,OWDakon Fraction 

193.0 f 5.4 

182.7 + 6.8 
195.6 f 4.8 
187.3 + 6.9 

193.1 It 4.8 

D Values for membranes are from Ticku (1981). 
’ N.T., not tested. 

TABLE V 

~HJMuscimol binding in crude Lubrol, peak I, and peak II 
fractions 

Muscimol binding was measured by a centrifugation assay using 10 
nM [3H]muscimol. The values in parentheses are the protein concen- 

trations per assay. The results are the mean -+ SD of one experiment 
(in triplicate). Similar results were replicated twice. [3H]Muscimol 
binding to the crude Lubrol fraction and peak I fraction was displaced 
in a dose-dependent manner by (+)-bicuculline. 

[3H]Muscimol Binding 

Crude Lubrol fraction 

(0.48 mg) 
Peak I (0.37 mg) 
Peak II (0.30 mg) 

Total In Presence of 100 Specific 
Binding PM GABA Binding 

cpm/assay 
5,108 f 81 2,473 + 23 2,635 

2,827 + 114 128 + 17 2,699 
1,647 + 188 1,303 -I 110 344 

TABLE VI 

I& values for inhibition of r3H]DHP binding to membrane and 
185,000-dalton fractions 

ICW values were determined using five to seven concentrations of the 
ligand. Results are the mean values from two to three experiments for 
the 185,000-dahon fraction. Values for the membranes are from Olsen 

et al. (1979), Ticku et al. (1978), and Ticku and Olsen (1978). 

G4 

Ligend 
l&5,000-Dalton Membrane 

Fraction Fraction 

PM 

(rt)-DMBB 
R05-3663 
CHEB 
Picrotoxinin 

DHP 

(&)-Hexobarbital 
(f)-Secobarbital 
Isopropyl bicyclophosphate 
Pentylenetetrazole 
(k)-Pentobarbital 
Phenobarbital 

GABA 
Muscimol 
Haloperidol 
Chlorpromazine 
Acetylcholine 

L-Glutamate 

a N.T., not tested. 

0.02 0.01 
0.20 0.40 
0.40 0.70 
0.45 0.40 
1.10 l-2 
3.00 12 

10.00 5 
8.00 10 

40.00 >lO 
60.00 50 

300.00 400 
>200.00 >200 
>200.00 >200 
>lOO.OO N.T.” 
>lOO.OO N.T. 
>200.00 N.T. 
>lOO.OO N.T. 

observed with membrane preparations (Ticku et al., 1978; 
Ticku and Olsen, 1978). As indicated in Table II, a major 
contribution to the high nonspecific [3H]DHP binding 
appears to be due to its ability to stick nonspecifically to 
the benzodiazepine binding protein. Thus, most of the 
nonspecific [3H]DHP binding observed in the crude Lu- 
brol fraction (Table IIb) could be detected in peak II (i.e., 
the diazepam binding fraction). In contrast, peak I, which 
is the C3H]DHP binding protein, had minimal nonspecific 
binding. Furthermore, unmasking of the high affinity 
DHP binding site also improved the signal-to-noise ratio 
significantly. 

Our results also provide evidence for the first time that 
[3H]DHP and [3H]diazepam bind to two distinct proteins 
with apparent molecular weights of 185,000 and 61,000 
daltons. However, these values may be overestimated 
due to the residual detergent associated with these pro- 
teins. Under our experimental conditions of protein con- 
centration and ionic composition, the association-disso- 
ciation phenomenon and the possibility of the proteins 
reacting to the column support were minimized. There- 
fore, the molecular weight of the fractions determined by 
gel filtration are relatively accurate. Other investigators 
have reported molecular weights of -200,000 daltons 
(Yousufi et al., 1979) and 50,000 to 60,000 (Mohler et al., 
1980; Sieghart and Karobath, 1980) and 55,000 to 62,000 
(Gavish and Snyder, 1981) daltons for the benzodiazepine 
receptor. 

GABA agonists have been reported to enhance [3H]- 
diazepam binding to membranes (Tallman et al., 1980) 
and to solubilized fractions (Gavish and Snyder, 1980). 
In the present study, we find that, while GABA agonists, 
such as muscimol, enhance [3H]diazepam binding to 
membranes and the crude Lubrol-solubilized fraction, no 
enhancement was observed in peak II following gel filtra- 
tion of the Lubrol-solubilized fraction. Our results also 
show that, while specific [3H]muscimol binding was pre- 
sent in the crude Lubrol fraction, it was not associated 
with the peak II fraction (i.e., diazepam binding fraction). 
However, [3H]muscimol binding activity co-migrated 
with peak I (i.e., the DHP binding fraction). Muscimol 
binding appeared to have the right properties, since it 
was displaced by GABA and (+)-bicuculhne but not by 
,&aIanine and nipecotic acid. Recently, several laborato- 
ries have attempted to establish if GABA and benzodi- 
azepine binding proteins are the same or distinct (Gavish 
and Snyder, 1981; Massotti et al., 1981). 
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Figure 4. Displacement of specific [“HIDHP binding to the 185,000-dalton 

fraction by pentobarbital. The values are the mean f SD of two experiments. 
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DHP binding to the peak I protein exhibited two 
binding sites, in contrast to only one site observed for the 
membrane receptors (Ticku et al., 1978; Olsen et al., 
1979). However, we recently reported that [3H]DHP 
bound to the crude Lubrol-solubilized fraction with two 
affinity constants (Davis and Ticku, 1980, 1981a). The 
185,000-dalton fraction had a Koi value of 0.054 + 0.009 

FM and the low affinity site had a KD2 of 0.546 f 0.065 
PM. The low affinity site had a KLI much tighter than the 
Lubrol-solubilized fraction (Km - 1.85 pM; Davis and 
Ticku, 1980, 1981a) or the membrane receptors (K.EJ - 1 
to 2 pM; Ticku et al., 1978). The reason for the hetero- 
geneity of the DHP binding sites is not clear. We have 
reported earlier that some ligands displace DHP binding 
from membranes with shallow displacement curves 
(Ticku and Olsen, 1978), suggesting heterogeneity of the 
DHP binding sites. The possibility that uncoupling of 
the effector complexes may have occurred cannot be 
ruled out. 

We have reported previously that the picrotoxinin site 
at the benzodiazepine . GABA receptor. ionophore com- 
plex is a site of action for some depressant and convulsant 
drugs that affect GABAergic transmission (Ticku and 
Olsen, 1978, 1979, 1980; Olsen et al., 1979; Ticku, 1980). 
In the present study, we find that depressant and con- 
vulsant drugs inhibit the binding of [3H]DHP to the 
185,000-dalton fraction (Table VI). The ligand specificity 
of [“HIDHP binding to 185,000-dalton fraction is not 
altered significantly relative to membrane receptors. 

Like GABA agonists, depressant barbiturates, such as 
pentobarbital, enhance [“Hldiazepam binding by increas- 
ing its affinity for receptors to membranes (Leeb-Lund- 
berg et al., 1980; Ticku, 1981) and to crude Lubrol fraction 
(Davis and Ticku, 1981b; this study). This enhancement 
was blocked by picrotoxinin. The inability of pentobar- 
bital to enhance [“Hldiazepam binding to the 61,000- 
dalton fraction and its ability to inhibit [3H]DHP binding 
to the 185,000-dalton fraction strongly suggests that pen- 
tobarbital acts at the picrotoxinin site. The IC50 value for 
pentobarbital inhibition of DHP binding was similar to 
that reported for membranes (Ticku and Olsen, 1978). 

These results are consistent with our hypothesis that the 
picrotoxinin site may be a receptor for barbiturates 
(Ticku, 1980). The ability of barbiturates with opposite 
pharmacological activities (i.e., depressant and convul- 
sant) to inhibit DHP binding to membranes, the crude 
Lubrol fraction, and the 185,000-dalton fraction suggests 
that the picrotoxinin site may be an allosteric site at the 
benzodiazepine. GABA receptor. ionophore complex. 
However, further experimental evidence will be needed 
to clarify this and to establish the physiological signifi- 
cance of this site to GABAergic transmission. 
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