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Anti-peptide &, (1-9) and anti-peptide a, (459—467) antibodies coupled to Affigel-10 were used for the isolation of GABA, receptors containing

the ;- or «,-subunit, respectively. Both types of GABA, receptors exhibited a high affinity for [*H]flunitrazepam. and binding of [*H]flunitrazepam

was stimulated in the presence of GABA. GABA , receptors eluted from the anti-peptide %, (1-9) immunoaffinity column exhibited a high affinity

and those from the anti-peptide &, (459-467) columns a low affinity for the type I benzodiazepine receptor-selective ligand Cl 218872, indicating
the enrichment of type I and type Il GABA ,-benzodiazepine receptors, respectively.

GABA,-benzodiazepine receptor; Immunoaffinity chromatography: Type I and type II GABA, receptor; Flunitrazepam binding; Radicautography

1. INTRODUCTION

The GABA, receptor of mammalian brain is a
ligand-gated chloride ion channel and the site of action
of several important classes of drugs like benzodia-
zepines, barbiturates, convulsant compounds and some
steroids [1]. This receptor has been purified to apparent
homogeneity by benzodiazepine-affinity chromato-
graphy and seems to consist of several different protein
subunits [2]. Molecular cloning studies not only have
identified their amino acid sequence but also have de-
monstrated the existence of a significant heterogeneity
of individual subunits. Thus, so far the existence of 6 a-
, 44-, 2 v- and 1 d-subunit of the GABA, receptor has
been demonstrated [3]. Studies on the expression in
Xenopus oocytes and mammalian cells of the various
subunits revealed that GABA-gated chloride ion chan-
nels modulated by benzodiazepines and #-carbolines
can only be produced by the simultaneous presence of
a-, #- and y-subunit cDNAs in the cells [4]. This seems
to indicate that at least three different subunits are
necessary to reconstitute GABA-benzodiazepine
receptors with correct pharmacology. In addition, it has
been demonstrated that depending on the type of a-
subunit cDNA used for the co-expression with #- and -
subunit ¢DNAs, GABAx-benzodiazepine receptors
with different GABA and benzodiazepine binding pro-
perties are produced [5,6].

Recently, polyclonal antibodies directed against parts
of the amino acid sequence of the ay-, a2- and ws-
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subunits were raised [7—9]. These antibodies, each of
which selectively recognized a single protein in purified
GABA 4 receptor preparations not only were used for
the identification of the corresponding a-subunits [7,8]
but also for the separation of GABAa-benzodiazepine
receptors containing the respective a-subunits by im-
munoaffinity chromatography (Zezula et al., submit-
ted). In this study, however, receptors were eluted from
the affinity columns by a change of pH. This resulted in
the inactivation of the eluted GABA, receptors. In the
present study a different method was used for the elu-
tion of the receptors from the affinity columns. Recep-
tors eluted by this method were still able to bind GABA
or benzodiazepines. The properties of receptors eluted
from different immunocaffinity columns were com-
pared.

2. MATERIALS AND METHODS

Anti-peptide o (1-9), anti-peptide @a(416—-424) and anti-peptide
@1(459—-467) antibodies were isolated by affinity chromatography
from sera of rabbits immunized with the respective peptides coupled
to kevhole-limpet haemocyanin [8]. Purified antibodies selectively
recognized their respective peptide and GABAL receptors purified
from the brains of 5—10-day-old rats as measured by ELISA, im-
munoprecipitation and Western blot techniques (8],

Immunoaffinity columns were prepared by coupling of 10 mg
purified anti-peptide antibodies 10 5§ ml of wet Affigel 10 using stand-
ard methods (BIOQ-RAD). The total binding capacity of these columns
was about 30--60 pmol ['H]flunitrazepam binding sites when the col-
umns were freshly synthesized. However, since the ¢columns had to be
washed with a buffer containing 0.2% Triton X-100 and 0.1 M
glyeine-HCI, pH 2.4 after each run in order to completely remove
GABA receptors bound to the columns, and since the rabbit anti-
badies irreversibly bound to the columns leaked from the columns at
acid pH, the binding capacit:' declined with time.

GABAL receptors were extracted from  brain membranes of
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5—10-day-old rats by constant agitation for 2 hat 4°C in a buffer con-
taining 2% Triton X-100, 0.3 M KCI, 10 mM HEPES, pH 7.4,
0.5 mM dithiothreitol, | mM EDTA, 1| mM benzamidine, 0.1 mg/ml
bacitracine and 0.3 mM phenylmethylsulfonylfluoride (PMSF). The
suspension was centrifuged for 30 min at 200000 x g, and the super-
natant was then applied to the immunoaffinity columns.

3. RESULTS AND DISCUSSION

GABAA-benzodiazepire receptors present in extracts
from the brain membranes of 5-10-day-old rats were
subjected to SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blot analysis. As shown in
Fig. 1, a mixture of anti-peptide @ (1-9), anti-peptide
a2(416—424) and anti-peptide o3(459—467) antibodies
was able to recognize at least three proteins with ap-
parent molecular weight 51000 (Ps;), 53000 (Ps3) or
59000 (Ps9). The same proteins have been identified
previously in GABA ,-benzodiazepine receptor prepara-
tions purified from the brains of 5—10-day-old rats and
have been demonstrated to be the «-, a2- and as-sub-
units of the GABA, receptors, respectively [8],

30—-40 ml of the brain membrane extracts correspon-
ding to a total of about 125 pmol reversible [*H]fluni-
trazepam binding sites were applied to anti-peptide
a1(1-9), anti-peptide «2(416—424) or anti-peptide
«3(459-467) immunoaffinity columns at a rate of
20 ml/h. 15-40% of the applied GABA, receptors
were retained by the columns, depending on the type of
antibody bound to the column and on the age of the col-
umns as mentioned in section 2. The columns were
washed with 15 times of their volume using the extrac-
tion buffer complemented with additional KCI to result
in a total of 0.6 M KCl in order to remove unspecifical-
ly bound proteins and were subsequently equilibrated
with 5 volumes of a low salt, low Triton X-100 buffer
containing 10 mM HEPES, pH 7.4, 150 mM KCI,
0.2% Triton X-100, | mM EDTA, 0.5 mM dithio-
threitol, 1 mM benzamidine and 0.3 mM PMSF.

In order to find conditions which result in the elution
of GABA receptors still able to bind benzodiazepines,
several different chaotropic agents were investigated as
eluents. It was found that a 0.2% Triton X-100 solu-
tion, pH 7.4, containing either 3 or $ M MgCl;, or3 M
urea plus 3 M MgCly, 3 M urea plus 5 M MgCl;, 3 M
urea alone, 3 M urea plus 5 M Nal, 5 M Nal alone, or
1 M NaSCN plus 1| M KCl were able to elute GABAA-
benzodiazepine receptors as demonstrated by a [*H]-
flunitrazepam binding assay in column eluates dialyzed
overnight against 1000 vols of a buffer containing
10 mM HEPES, pH 7.4, 150 mM KCl, 0.2% Triton
X-100, | mM £DTA, 0.5 mM dithiothreitol and 1 mM
benzamidine, The relatively largest amount of GABAA-
benzodiazepine receptors was cluted by a 0.2% Triton
X-100 solution containing 3 M urea plus 3 M MgCl,.
5-20% of the GABA, receptor retained by the anti-
peptide a(1-9) and anti-peptide 3 (459-467) column
could be eluted under these conditions in a form still
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Fig. 1. Comparison of a-subunit proteins present in brain membrane
extracts and eluates from two differest immunoaffinity columns.
Proteins in brain membrane extracts or in immunoaffinity column
eluates were subjected to SDS-PAGE, transferred to nitrocellulose
and probed with a mixture of anti-peptide a1(1-9), anti-peptide
a2(416-424) or anti-peptide «(459-467) antibodies, an anti-rabbit
1gG F(ab’); antibody conjugated to alkaline phosphatase (Jackson
Immuno Research Labs, USA) and the alkaline phosphatase
conjugate substrate kit (BIO-RAD). The experiment was performed 3
times with similar results.

able to bind [*H]flunitrazepam. The elution of GABA,-
benzodiazepine receptors was therefore routinely per-
formed with a 0.2% Triton X-100 solution, pH 7.4,
containing 3 M urea and 3 M MgCl; in all subsequent
experiments.

Interestingly, although GABAA receptors were re-
tained by the antipeptide @:(416—424) immunoaffinity
column, in contrast to the anti-peptide o (1-9) or anti-
peptide @3(459—467) immunoaffinity columns a rather
low amount of protein was eluted from this column us-
ing 0.2% Triton X-100, 3 M urea and 3 M MgCl,.
GABA, receptor proteins, however, were eluted from
this column using a buffer containing 0.2% Triton
X-100 and 0.1 M glycine-HCI, pH 2.4. In agreement
with previous results (Zezula et al., submitted), GABAA
receptors cluted by such a change of the pH no longer
were able to bind [*H]flunitrazepam even when the col-
umn cluate was immediately neutralized by addition of
3 M Tris-Cl buffer, pH 7.4. Thus, the elution method
using a 0.2% Triton X-100 solution containing urea and
magnesium chloride could not be used to isolate suffi-
cient amounts of GABA receptors from columns con-
taining the anti-peptide  @2(416-424) antibody.
Therefore all further experiments were performed with
cluates from the anti-peptide «;(1-9) or the anti-
peptide «r3(459-467) column only,
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GABAA receptors cluted from the anti-peptide
a1(1-9) or anti-peptide «3(459—467) columns using a
solution containing 0.2% Triton X-100, pH 7.4, 3 M
urea and 3 M MgCl; were subjected to SDS-PAGE and
Western blot analysis. For the detection of the respec-
tive subunits a mixture of anti-peptide a;(1-9), anti-
peptide a2(416—424) and anti-peptide or3(459-467) an-
tibodies was used. As shown in Fig. 1 in the GABAx
receptor fractions eluted from anti-peptide «:(1-9) or
anti-peptide a3(459-467) columns, the a;(Protein Ps;)-
or as(Protein Psg)-subunits of the GABA, receptors
were strongly enriched. These results support a previous
report [9] indicating that most, if not all GABA, recep-
tors contain only a single type of a-subunit.

In addition to the 2;- or e3-subunits predominantly
retained by and eluted from the respective immunoaf-
finity columns other proteins were present in the col-
umn eluates in small amounts and were weakly labeled
by the mixture of anti-peptide «, anti-peptide «; and
anti-peptide a3 antibodies (Fig. 1). Thus, these weakly
labeled proteins are a;-, az- or ajs-subunits of the
GABA receptor not completely removed from the -
subunits specifically retained by the immunoaffinity
column. Since these contaminating «-subunits were
detected in the column eluate even after extensive
washing of the immunoaffinity columns, their presence
in the column eluate might be due either to aggregated
GABA , receptors containing other a-subunits or to a
colocalization in a rather minor part of the receptors of
two or more different a-subunits in the same GABAa
receptor complex. A minor contribution of such recep-
tors cannot be excluded by the data so far available [9].

In order to investigate the possible presence of 5- and
v-subunits of the GABAx receptors in eluates from
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FEBS LETTERS

June 1991

anti-peptide a(1—9) or anti-peptide «3(459—467) im-
munoaffinity columns, these eluates were probed in im-
munoblots using the #-subunit-specific monoclonal an-
tibody bd-17 [10] or a y;-subunit-specific polyclonal an-
tibody provided by H. Méhler [11]. The same antibody
specific protein staining pattern was observed in im-
munoblots from brain membrane extracts as from anti-
peptide a1{1-9) or anti-peptide @3(459-467) column
eluates (experiments not shown). These data indicate
the presence of #- and +z-subunits in the immunoaffini-
ty column eluates.

In order to compare the binding properties of
GABA-benzodiazepine receptors before or after im-
munoaffinity chromatography, Scatchard analysis of
[*H]fluritrazepam binding (concentration range 0.5-10
nM) in the absence or presence of 2 M diazepam was
performed in membrane extracts and dialyzed immuno-
affinity column eluates. As shown in Table I, GABAA
receptors in membrane extracts or eluates from anti-
peptide a1(1-9) or anti-peptide «3(459-467) columns
exhibited a similar high affinity for [*H]flunitrazepam.
In addition, GABA was able to stimulate binding of
[*H]flunitrazepam to receptors from anti-peptide
a1 (1-9) or anti-peptide @3(459—467) column eluates.
GABA stimulation of [*Hlflunitrazepam binding to
membrane extracts was not determined due to the
presence of endogenous GABA in those extracts. In
order to investigate a possible differential affinity of
GABA, receptors eluted from the different immunoaf-
finity columns, the potency of the type I benzodiazepine
receptor-selective ligand Cl 218872 for displacement of
[*H]flunitrazepam binding was investigated in dialyzed
eluates from anti-peptide «;(1-9) and anti-peptide
@3(459-467) columns. In contrast to membrane ex-

Properties of GABA, receptors present in membrane extracts or in cluates from the
immunoaffinity columns

100 2] membrane extracts or dialyzed ecluates from the immunoaffinity columns were
incubated for 90 min at 4°C ecither with 2.5 nM or with various concentrations (0.5-10 nM)
of [*H]flunitrazepam in the absence or presence of 2 M diazepam, 100 «M GABA or various
concentrations of Cl 218872 in 1 m) of a solution containing 50 mM Tris-citrate, pH 7.4,
150 mM NacCl, S0 xg 3-globulin and a total of 15% of polyethyleneglycol. Samples were
filtered through Whatman GF/C filters and washed 3 times with a solution containing 50 mM
Tris-citrate, pH 7.4 and 8% polyethyleneglyeol and radioactivity on the filter was measured.
Nonspecific binding (estimated in the presence of 2 #M diazepam) was subtracted from total
binding to vield specific binding. Equilibrium binding data of [*H]flunitrazepam were
subjected to Scatchard analysis (linear regression). 1Cso values were determined by linear least-
squares fit of the data to the Hill-equation. Results are means = SE with number of
experiments performed in duplicates in parentheses. n.d. = not determined.

Membrane
oxtract

Anti-peptide 3
column cludte

Anti-peptide )
colume clunte

[*H]Flunitrazepam

binding, Ay (nM) 2.3 &
2.5 nM [*H)Flunitrazepam =

100 .M GABA

(% of controb) ..
1Cwn (nM) C 218872 1i187 =2

0.2 (% 28 0.2(3 24 0.2(9)

138 ¢ 6 (3 13 x 5§ (}

4} M7 x40 (4) 1405 1z 1490 (4)
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tracts, in which the potency of Cl 218872 was inter-
mediate, the potency of Cl 218872 for inhibition of
[*H]flunitrazepam binding to eluates from the anti-
peptide a1(1-9) column was higher than that for eluates
from the anti-peptide a3(459—-467) column. These data
are consistent with the enrichment of type I and type II
GABAA-benzodiazepine receptors by the anti-peptide
a1(1-9)- and anti-peptide @3(459—467) immunoaffinity
columns, respectively.

Thus, in the present investigation for the first time
type I and type I GABAa-benzodiazepine receptor sub-
types with retained binding properties were enriched
and separated from other possible GABAA-benzodia-
zepine receptor subtypes. The binding properties of the
isolated type I and type II receptors were similar to but
not identical with those of artificial receptors arising by
the co-expression of a)-, &1- and %:- or a3-, £;- and
v2-subunits in embryonic kidney cells [6]. One reason
for this discrepancy might be the possibility that the ar-
tificially expressed receptors either by their subunit
composition, their state of glycosylation or their lipid
environment might not be identical with receptors ex-
pressed in vivo and isolated by immunochromato-
graphy. Other reasons could be the contamination of
the a;-subunit containing type I or the a;3-subunit con-
taining type I receptors by small amounts of receptors
containing different o-subunits as indicated by Fig. 1.
And finally, the anti-peptide a:1(1-9) or anti-peptide
@3(459-567) columns presumably will not distinguish
between GABAa-benzodiazepine receptors containing
different &- or y-subunits but the same a-subunit. Thus,
if such receptors existed in vivo, various GABA, recep-
tors containing combinations of different &- or -sub-
units but the same a-subunit will be coenriched by the
anti-peptide a; or anti-peptide o3 columns and add to
the overall binding properties measured in the separated

18

FEBS LETTERS

June 1991

receptors. Further experiments using antibodies highly
specific for the various §- and y-subunits (which are not
available yet), will have to be performed to investigate
the possible existence of different &- or ¥-subunits in
immunoeaffinity purified GABA. receptors containing
a single a-subunit.

Acknowledgement: This work was supported by the Fonds zur
Forderung der wissenschaftlichen Forschung in Osterreich,

REFERENCES

[1] Olsen, R.W. and Venter, J.C. (eds) (1986) in: Receptor Bio-
chemistry and Methodology, Vol. 5, Benzodiazepine/GABA
Receptors and Chloride Channels: Structural and Functional
Properties, Liss, ivew York.

[2] Stephenson, F.A. (1988) Biochem. J. 249, 21-32.

[3] Ymer, S., Draguhn, A., Wisden, W.. Werner, P., Keindnen, K.,
Schofield, P.R., Sprengel, R., Pritchett, D.B. and Seeburg,
P.H. (1990) EMBO J. 9, 3261-3267.

[4] Pritchett, D.B., Sontheimer, H., Shivers, B.D., Ymer, S.,
Kettenmann, H., Schofield, P.R. and Seecburg, P.H. (1989}
Nature 338, 582--585.

[5] Leviten, E.S., Schofield, P.R., Burt, D.R., Rhee, L.M,,
Wisden, W,, Kohler, M., Fujita, N., Rodriguez, H.F,,
Stephenson, F.A., Darlison, M.G., Barnard, E.A. and Seeburg,
P.H. (1988) Nature 335, 76~79.

[6] Pritchett, D.B., Liiddens, H. and Seeburg, P.H. (1989) Science
245, 13891392,

[7} Stephenson, F.A., Duggan, M.J. and Casalotti, S.0. (1989)
FEBS Lett. 243, 358-362.

{8] Fuchs, K., Adamiker, D. and Sicghart, W. (1990) FEBS Lett.
261, 52-54.

{9] Duggan, M.J. and Stephenson, F.A. (1990) J. Biol. Chem. 265,
3831-383S.

[10] Ewert, M., Shivers, B.D., Liddens, H., Méhler, H. and
Seeburg, P.H. (1990) J. Cell Biol. 110, 2043-2048.

[11] M®&hler, H., Malherbe, P., Benke, D., Richards, J.G., Trube,
G. and Siegel, E. (1990) Abstract and Lecture at the Symposium
‘Transmitter £ mino Acid Receptors: Structures, Transduction
and Models for Drug Development’, R. Soc. London, October
22-24.



