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ABSTRACT

The y-aminobutyric acid (GABA), receptor is a hetero-oligomer
consisting of five subunits, the combination of which confers
unique pharmacological properties to the receptor. To under-
stand the physiological role of native GABA, receptors, it is
critical to determine their subunit compositions. The pharma-
cological characteristics of human a583v2 and a5B3y3 GABA,
receptors stably expressed in L(tk™) cells were characterized
with the a5-selective ligand [®H]L-655,708 and compared with
the pharmacological characteristics of [*H]L-655,708 binding
sites from rat and human hippocampus. Saturation analyses
revealed a 9-fold selective affinity of [°H]L-655,708 for «583v2
receptors (K, = 1.7 = 0.4 nwv), compared with a583v3 recep-
tors (Ky; = 15 = 3 nwm). Rat and human hippocampal [*H]L-
655,708 binding sites had affinities of 2.2 = 0.6 and 1.0 = 0.2
nm, respectively, comparable to the affinity of a583vy2 recep-
tors. Pharmacological analysis of [°H]L-655,708 binding sites in

rat and human hippocampi revealed a strong correlation
with the affinities of seven benzodiazepine site ligands for
a5B3vy2 but not o5B3y3 receptors. Immunoprecipitation of
[®H]L-655,708 binding sites from rat hippocampus with a y2-
selective antibody yielded 19 = 4% of total benzodiazepine
binding sites measured using [*H]Ro15-1788, whereas no spe-
cific binding was measured after immunoprecipitation with an
anti-y3 antibody. Combinatorial immunoprecipitations of
[BH]muscimol binding sites with anti-a5 and anti-y2 or anti-a5
and anti-y3 antibodies established the preferential expression
of aby2 receptors, accounting for 22 = 2% of total rat hip-
pocampal GABA, receptors. These observations provide phar-
macological and structural evidence for the prevalence of
a5B3v2 GABA, receptors in rat hippocampus, despite the clus-
tering of a5 and y3 loci on the same chromosome.

The GABA, receptor is the main inhibitory ligand-gated
ion channel in the central nervous system. It contains mod-
ulatory sites for endogenous molecules such as the neuros-
teroids, as well as for many therapeutic drugs, such as bar-
biturates, anesthetics, and benzodiazepines (Sieghart, 1995).
It is now generally accepted that the GABA, receptor is a
pentameric protein with an integral chloride ion channel
formed by the second transmembrane domain of each of the
five subunits. A family of GABA, receptor subunits (al1-a6,
B1-B3, y1-v3, 6, and €) have been identified in mammalian
brain using molecular cloning techniques (for review, see
McKernan and Whiting, 1996; Davies et al., 1997; Whiting et
al., 1997). At least one « subunit, one 8 subunit, and one vy
subunit are required to form fully functional receptors in vivo
(Pritchett et al., 1989), and the combination of @ and vy sub-
units is a crucial determinant of the properties of the benzo-
diazepine binding site (Hadingham et al., 1993; Wafford et
al., 1993; Luddens et al., 1994; Benke et al., 1996). The al
subunit-containing receptors exhibit BZ1-type pharmacolog-
ical characteristics, characterized by a high affinity for zol-

pidem, whereas o2, @3, and o5 subunits are present in BZ2-
type receptors, which have a low affinity for zolpidem
(Pritchett et al., 1989; Pritchett and Seeburg, 1990). A third
class of GABA, receptors also exists; these receptors contain
an a4 or a6 subunit and have a low affinity for most of the
classical benzodiazepines (Luddens et al., 1990; Wisden et al.,
1991; Wafford et al., 1996; Benke et al., 1997).

Receptors expressing an a5 subunit together with 8 and y2
subunits in cell lines are distinguished from BZ1 receptors by
their low affinity for zolpidem (Pritchett and Seeburg, 1990;
Luddens et al., 1994) and from other BZ2 receptors by their
10—-20-fold higher affinities for Ro15-4513 (Hadingham et
al., 1993; Luddens et al., 1994) and for several 8-substituted
benzodiazepines (Gillard et al., 1994). Thus, a5-containing
receptors have a unique pharmacological profile.

In the rat central nervous system, a5 subunit-containing
receptors have restricted and well defined expression. In situ
hybridization and immunocytochemistry studies have shown
that this subtype is present in abundance in the CA1l and
CAS fields of the hippocampus, is present to a lesser extent in
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the cortex and olfactory bulb, and is virtually absent in other
regions of the brain (Wisden et al., 1992; Fritschy and
Mohler, 1995; Quirk et al., 1996).

The exact subunit composition of receptors containing an
ab subunit in vivo is not known. The colocalization of o5, 83,
and y3 subunits on chromosome 15 suggests possible associ-
ations among these subunits, and deletion of this locus re-
duces zolpidem-insensitive, radiolabeled benzodiazepine
binding (Nakatsu et al., 1993). On the other hand, the phar-
macological characteristics of a5-containing receptors immu-
noprecipitated from rat brain are closer to those demon-
strated in cells transfected with «583y2 than those observed
with a5B83y3 (McKernan et al., 1991; Luddens et al., 1994).
Similarly, electrophysiological studies indicated a5B3v2;, as
the isoform expressed by hippocampal CA1 pyramidal cells
(Burgard et al., 1996).

Using a 50-100-fold selective ligand for a5 subunit-con-
taining receptors (Quirk et al., 1996), [*H]L-655,708, we de-
scribe here the pharmacological characteristics of a5 sub-
unit-containing receptors in rat and human brain and
compare them with those of stable cell lines expressing
ab5B3y2 and a5B3vy3 receptors. Implications for the structure
of native a5 subunit-containing receptors are discussed.

Experimental Procedures

Materials. [*H]Ro15-1788 and [*H]muscimol were purchased
from New England Nuclear-Du Pont (Hertfordshire, UK). [*H]L-
655,708 (76.7 Ci/mmol) was prepared as previously described (Quirk
et al., 1996). CL218872 and CGS8216 were gifts from Lederle and
Ciba-Geigy/Novartis, respectively, and other benzodiazepine site li-
gands were from Sigma Biochemicals or Research Biologicals Inc.

Human tissues. Hippocampi were from adult cadaveric brain
tissue obtained from subjects without any neurodegenerative disease
and without obvious morphological abnormalities of the hippocampi.

Membrane preparation and binding assays. P2 membranes
were prepared from brain regions of adult male rats or from cadav-
eric hippocampi from adult human subjects as previously described
(McKernan et al., 1991). Radioligand binding assays were performed
with brain membranes or membranes prepared from stably trans-
fected cell lines (Hadingham et al., 1993; Sur et al., 1997), with
[®H]L-655,708 (0.1-40 nM), in a final volume of 0.5 ml containing
50-100 ug of protein in 10 mM Tris-HCl, 1 mm EDTA, pH 7.4, at 4°.
For saturation analyses with rat and human hippocampi, 1 uMm
zolpidem was added to the assays, to prevent binding to other «
subunits at high [*H]L-655,708 concentrations. Similarly, immuno-
precipitated receptor-protein A complexes were incubated with
[*H]L-655,708 (20-24 nM), [*H]R015-1788 (20 nM), or [*H]muscimol
(40 nM) for 1-2 hr at 4°. Nonspecific binding was defined with 10 um
flunitrazepam or 100 uM GABA, for ®H-benzodiazepine or [*H]mus-
cimol binding, respectively. After 1-2-hr incubations at 4°, assay
mixtures were filtered through Whatman GF/B filters using a cell
harvester (Brandel) and were washed four times with cold buffer.
Filters were immersed overnight in scintillation cocktail, and radio-
activity was determined in a Beckman liquid scintillation counter.
Data points were fitted by nonlinear regression analysis (Excel;
Microsoft); for competition experiments, the K; values were calcu-
lated according to the Cheng-Prusoff equation (Cheng and Prusoff,
1973).

Immunoprecipitation of GABA, receptors. The antibodies
used in this study were previously characterized and shown to be
subunit specific (McKernan et al., 1991; Quirk et al., 1994a, 1994b,
1995). Immunoprecipitation of receptors was carried out using anti-
bodies to GABA, receptors, as previously described (McKernan et al.,
1991; Quirk et al., 1994a). Briefly, 100 ul of protein A-Sepharose
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beads was incubated with 40-80 wl of antibody for 1 hr at room
temperature. After washing with Tris-buffered saline (10 mwm
TrissHCl, 150 mM NaCl) containing 0.1% Tween 20, beads were
incubated overnight at 4° with deoxycholate (0.5%)-solubilized recep-
tors from hippocampus. Beads were washed twice with Tris-buffered
saline/Tween 20, and binding studies were performed using 25-50 ul
of packed beads in each tube. Parallel experiments with an antibody
directed against the 5-hydroxytryptamine; receptor served as con-
trols for the immunoprecipitation experiments.

Results

[®H]L-655,708 binding characteristics. To determine the
affinity of [H]L-655,708, saturation experiments were per-
formed with membranes prepared from «5B3y2- or a533vy3-
expressing cells, as well as rat and human hippocampi (Fig. 1
and Table 1). They revealed a 9-fold selectivity of [*H]L-655,708
for a5B3v2 versus abpB3y3 receptors, with K, values of 1.7 = 0.4
and 15 * 3 nM, respectively. Saturation analysis of [*H]L-
655,708 binding to rat and human hippocampi revealed the
existence of a single high affinity binding site, with K, values of
2.2 £ 0.6 and 1.1 * 0.2 nMm, respectively. These experiments also
showed no difference (p > 0.46, ¢ test) in the numbers of [*H]L-
655,708 binding sites in human (340 * 184 fmol/mg of protein,
mean *+ standard deviation, five experiments) and rat (251 *+
74 fmol/mg of protein, mean *+ standard deviation, three exper-
iments) hippocampi. Determination of the [*H]L-655,708 (2 nm)/
[PHIR015-1788 (1.8 nM) ratio, however, indicated a slightly
higher proportion of a5-containing receptors in human hip-
pocampus, with a ratio of 0.28 = 0.04 (mean = standard error,
two experiments), compared with a ratio of 0.15 = 0.02 (mean *+
standard error, six experiments) for rat hippocampus (p <
0.005, ¢ test).

Evidence that rat and human o5-containing recep-
tors display «5B3y2 pharmacological characteristics.
Competition experiments using [*H]L-655,708 (2—3 nM) and
seven representative benzodiazepine site ligands from differ-
ent chemical series were carried out in cell lines and hip-
pocampal membranes. The results (Table 2) established the
selectivity of some compounds for either «5B83y2 (CGS8216,
1-655,708, and diazepam) or a5B3y3 (CL218872) receptors.
More specifically, CGS8216 demonstrated 14-fold selectivity
for a5B3v2, whereas CL218872 exhibited 5-fold selectivity for
a5B3v3 receptors. Correlation plots demonstrated a good re-
lationship between the affinities of these compounds for
abB3vy2 receptor-expressing cells and rat or human [*H]L-
655,708 binding sites (Fig. 2, A and B). Furthermore, there
was an excellent correlation of the pharmacological charac-
teristics of rat and human o5 receptors (Fig. 2C). In contrast,
a nonsignificant correlation (p > 0.05, Spearman correlation)
was observed for the pharmacological characteristics of hip-
pocampal [*H]L-655,708 binding sites and the a5B8373 iso-
form (data not shown).

Pharmacological characteristics of immunoprecipi-
tated rat hippocampal GABA, receptors. As shown in
Fig. 3, solubilized and immunoprecipitated «5-containing
GABA, receptors retained high affinity (K, = 3.7 £ 1.3 nm)
[®*H]L-655,708 binding. To gain more insight into the struc-
ture of rat hippocampal a5-containing receptors, immunopre-
cipitation experiments were performed with several subunit-
specific antibodies, and the binding of [*H]L-655,708 (20—24
nM) and [*HJR015-1788 (20 nMm) was determined (Table 3).
Because of the high concentration of [*H]L-655,708 used,
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binding was determined in the presence of zolpidem (1 um), to
prevent [*H]L-655,708 binding with low affinity to o1, o2,
and a3 subunits. Because we anticipated the lack of *H-
benzodiazepine binding to receptors precipitated with anti-
bodies to yl or 8 subunits (Ymer et al., 1990; Quirk et al.,
1995), the binding of [*H]muscimol (which binds to the GABA
binding site of GABA, receptors) was measured in parallel
experiments, to confirm that immunoprecipitation had oc-
curred. All benzodiazepine sites (95 * 6%) immunoprecipi-
tated with anti-a5 antibody, as determined with [*H]Ro15-
1788, exhibited [*H]L-655,708 binding. Antibodies selective
for al, a2, or a3 subunits were able to precipitate 3, 6, and
7%, respectively, of [*’H]JRo15-1788 binding sites that also
bound [*H]L-655,708 (Table 3). These populations of recep-
tors accounted for a small proportion of total GABA, recep-
tors.

Among the three y subunits assayed, only antibodies to y2
immunoprecipitated [*H]L-655,708 binding sites. These a5y2
subunit-containing receptors represented 19 + 4% (mean =+
standard error, five experiments) of total [PH]Ro15-1788
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binding sites. The anti-y3 antibody immunoprecipitated
some [*H]R015-1788 binding sites (5.4 + 2.4%, two experi-
ments) but no [*H]L-655,708 binding, whereas no benzodiaz-
epine binding was observed after precipitation with anti-y1
or anti-d antibodies.

Additional evidence for the presence of native 53372 re-
ceptors in rat hippocampus was provided by additive immu-
noprecipitation experiments with anti-a5, -y2, and -y3 anti-
bodies, using [*Hlmuscimol binding (Fig. 4). Solubilized
GABA, receptors from hippocampus were immunoprecipi-
tated either with a single antibody or with «5y2 or a5vy3
combinations. As shown in Fig. 4, anti-y2 antiserum immu-
noprecipitated the larger amount of [*H]muscimol binding
sites (69%), whereas anti-ab and anti-y3 precipitated 31 and
7.6%, respectively. Interestingly, the antibody pair for a5y2
immunoprecipitated 66% of [*Hlmuscimol binding sites, a
proportion much smaller than the sum of anti-a5- and anti-
y2-precipitated sites (31 + 59 = 90%). In contrast, the quan-
tity of [*H]muscimol binding sites immunoprecipitated by the
pair for a5y3 (838%) corresponds to the sum of individually
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Fig. 1. Saturable binding of [*H]L-655,708 to human recombinant «583y2 and a583y3 GABA, receptors and a5-containing receptors from rat and
human hippocampal membranes. The linear Scatchard plots (insets) show that [PH]L-655,708 binds to a single population of sites. Data shown are from
a representative experiment that was performed at least three times. The binding parameters for these experiments were as follows: a583vy2, K, =

2.4 nM, B, = 223 fmol/mg of protein; a5B83y3, K, = 10.2 nM, B

max = 186 fmol/mg of protein; rat hippocampal membranes, K, = 1.7 nM™, B, = 170

fmol/mg of protein; human hippocampal membranes, K, = 0.92 nm, B, .. = 200 fmol/mg of protein.
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precipitated receptors (31 + 7.6 = 38.6%). Results from an-
other experiment yielded similar values for immunoprecipi-
tated [*H]muscimol binding sites with antibodies for a5
(87%), y2 (91%), vy3 (11%), a5y2 (109%), and a5y3 (49%). The
difference between the calculated and measured values for
the a5y2 tandem indicates that this subunit combination
accounts for 21.5 + 2.5% (mean =+ standard error, two exper-
iments) of [*H]muscimol binding sites in rat hippocampus.

Discussion

Pharmacological evidence for a583y2 as a native
GABA, receptor isoform. In a previous study, it was
shown that 1.-655,708 has at least a 50-fold selectivity for ab
versus al, a2, a3, and a6 subunit-containing receptors and
that the tritiated compound [*H]L-655,708 binds rapidly and
reversibly to brain membranes, establishing this drug as a
specific tool to investigate native a5-containing receptors in
more detail (Quirk et al., 1996). Here, the pharmacological
characteristics of a5 subunit-containing receptors from rat
and human hippocampus have been analyzed with the selec-
tive tritiated ligand L-655,708 and compared with those of
recombinant human «583y2 or o583y3 GABA, receptors
expressed in cell lines.

Scatchard analysis of [*H]L-655,708 binding showed that
ab receptors have similar levels of expression in human and
rat hippocampus, as indicated by comparable B, values.
The rat B, value (251 fmol/mg of protein) is similar to that
measured in a previous study (Quirk et al., 1996) and ac-
counts for 15% of [*H]R015-1788 binding sites, in agreement
with results from immunoprecipitation experiments (McKer-
nan et al., 1991; Mertens et al., 1993). In human hippocam-
pus, ab receptors seem to be more abundant, representing
28% of [*’H]R015-1788 binding sites. Although this value was
not determined from saturation analysis, the observed differ-
ence is not accounted for by reduced Ro15-1788 affinity for
human o5 receptors (Table 2). However, we noticed an im-
portant variation in the [*H]L-655,708 B, .. values (coeffi-

TABLE 1
Affinities of [*H]L-655,708 for a5-containing receptors

Data shown are the mean *+ standard error of three to five experiments performed
in triplicate.

a5B3y2 a5B3y3 Rat hippocampus I-{)l‘l)r;;amn plgg'
K, (nm) 1.7+04 15+3 22=*06 1.1=x0.2
B, .. (fmol/mg 725 £ 189 238 =31 251 = 42 340 = 82
of protein)
TABLE 2

Affinities of benzodiazepine site ligands for a5-containing receptors
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cient of variation = 0.54), and a larger number of human
hippocampal specimens should be investigated to confirm
this apparent higher proportion of a5-containing receptors.
In addition, the saturation experiment data showed that
[®*H]L-655,708 has some binding selectivity (9-fold) for
abB3vy2 receptors and shows similar K, values for this iso-
form and native receptors in rat and human hippocampus.

The similarity of the pharmacological characteristics of
ab5B3y2 and hippocampal ab5-containing receptors was fur-
ther established using several selective compounds for
abB3vy2 receptors (CGS8216, diazepam, 1.-655,708, and fluni-
trazepam) or a5B3y3 receptors (CL218872) (Luddens et al.,
1994; Hadingham et al., 1995). The rank order of the tested
compounds matches and extends the reported data for native
(McKernan et al., 1991; Quirk et al., 1996) and recombinant
(Pritchett and Seeburg, 1990; Luddens et al., 1994) a5-con-
taining receptors and indicates that a5B83y2 is the major
isoform of a5-containing receptors expressed in rat and hu-
man hippocampus. These data are also in agreement with
results from electrophysiological recordings of cells express-
ing a5B3y2;, receptors and hippocampal CA1 pyramidal neu-
rons, indicating that this isoform is a native GABA, receptor
(Burgard et al., 1996).

Structure of rat hippocampal a5 subunit-containing
receptors. The quantitative immunoprecipitation results
clearly indicated that our specific anti-y3 antibody (Quirk et
al., 1994a) did not precipitate any [*H]L-655,708 binding
sites from rat hippocampus but precipitated >5% of
[*H]R015-1788 binding sites. This value is similar (p > 0.31,
¢ test) to the 9.3 = 1.7% of [*Hlmuscimol binding sites im-
munoprecipitated from rat hippocampus and fits with the
low level of y3 subunit expression in rat hippocampus (Herb
et al., 1992; Wisden et al., 1992). Furthermore, additive im-
munoprecipitation experiments similar to those used to dem-
onstrate y2vy3 coassembly (Quirk et al., 1994a) failed to sup-
port an association of y3 with the &5 subunit. In contrast,
measured percentages for the a5y2 combination correspond
almost exactly to theoretical values, indicating that probably
all a5 subunits coexist with y2 subunits to form hippocampal
GABA, receptors. Indeed, a5y2-containing receptors account
for 21.8 = 2.3% of hippocampal [*H]muscimol binding sites, a
value similar to the 19 + 4% of anti-y2-immunoprecipitated
[*H]L-655,708 binding sites and the [*H]L-655,708/
[*H]R015-1788 ratio (15 + 2%) (p > 0.40, one-way analysis of
variance). Although the widely accepted stoichiometry of
GABA, receptors is 2a2B17y (for review, see McKernan and
Whiting, 1996), quantitative immunoprecipitation and West-

K; values determined with [*H|L-655,708 (2—4 nm) are the mean * standard error of two to eight determinations performed in triplicate. The Hill coefficients were not
different from unity except for CL218872 in rat and human hippocampi, where values of 0.64 = 0.08 and 0.63 = 0.07, respectively, were determined. The numbers before

the drug names are used in Fig. 2.

K;
ab5B3y2 abB3y3 Rat hippocampus Human hippocampus

nm

1, Ro15-4513 05=*=0.3 0.5+0.1 0.8 0.3 0.6 =0.3

2, CGS8216 09 +0.1 13 +1.6 1.1+0.2 1.1*0.1

3, L-655,708 1.5 +0.3 99 =23 25*+09 1.8 £ 0.7

4, Ro15-1788 2.2 +0.7 21+04 3.3+09 1.5*05

5, Flunitrazepam 54+ 13 12 =27 56*+14 21+04

6, Diazepam 13+ 1.3 69 = 11 14 = 2.6 14 = 2.8

7, CL218872 586 = 103 107 £ 15 647 = 81 323 £ 39
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ern blot analysis have revealed the coexistence of y2 and 3
in approximately 7% of rat brain GABA, receptors (Quirk et
al., 1994a). The pharmacological characteristics of these
y2y3-containing isoforms have not been analyzed, and the
possibility that the y2 subunit is pharmacologically predom-
inant over the y3 subunit, thus masking the detection of
ab5B3y2y3 complexes, cannot be excluded. Such a predomi-
nant effect has been shown for the al subunit over the a3
subunit in native cortical GABA, receptors (Araujo et al.,
1996), but not over the a6 subunit in cerebellar receptors
(Khan et al., 1996).

The presence of low levels of [PH]L-655,708 binding asso-

10005 ‘m
0 A
3 1004
o 103 5_ .
3
o g L
S 4
= 2
o« ]
14
1 1 10 100 1000
o5p3y2
1000 4
) 7
2 ]
g B .
£ 100
]
8
Q 10 @6
o 5
< 3 -
S 11 2e%]
£ '—T"
=
T 4
1 1 10 100 1000
5372
7 1000-; 2
g 1 C A
% 100 -
3
6
& 104 -
= 3 s
c 2 gl
[v] 1 3
£ 3
E 1 1
32 ]
1

A 1 10 100
Rat hippocampus

1000

Fig. 2. Logarithmic-logarithmic plots of K, values (nM) (mean * stan-
dard error) for seven benzodiazepine site ligands, showing the correlation
(Spearman correlation) between the pharmacological characteristics of
rat (A) (#> = 1) and human (B) (> > 0.92) hippocampal «5-containing
receptors and the a5B83y2 isoform, as well as between rat and human
hippocampal o5 receptors (C) (r> > 0.92). Numbers near symbols, com-
pounds listed in Table 2.

ciated with anti-al-, anti-a2-, and anti-a3-immunoprecipi-
tated receptors suggested the existence of receptors with
mixed contents of a subunits. By combining the estimated
amounts of a1 (43%), a2 (18%), and a3 (17%) in rat hippocam-
pus (McKernan and Whiting, 1996) and the [*H]L-655,708
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Fig. 3. Saturation analysis of [*H]L-655,708 binding to anti-a5-immu-
noprecipitated receptors from rat hippocampus. The linear Scatchard plot
(inset) indicates saturable binding of the radioligand to a single class of
sites.

TABLE 3

Percentage of [*H]L-655,708/[*H]R015-1788 binding in
immunoprecipitated receptors from rat hippocampus

Data shown are the mean *+ standard error of two to five experiments.

Antibody Binding Antibody Binding
% %
al 3+2 pat a
a2 6=*3 v2 19+ 4
a3 7+3 v3 b
ab 95+ 6 8 a
% No [*H]benzodiazepine binding.
b No [PH]L-655,708 binding.
ob 31
’\ﬂ .f.l‘////////f/////ff////.f.f/////.9‘/ 59
B 7.
a5 + 72 calculated | 90

38.6

7% e
S

0 20 40 60 80
[BHImuscimol binding (%)

o5 + 73 calculated

05y2 measured

0573 measured

100

Fig. 4. Immunoprecipitation of GABA, receptor binding sites from rat
hippocampus by anti-a5, -y2, and -y3 antibodies. Binding of [*H]musci-
mol (40 nM) was measured with solubilized receptors precipitated by
either a single antibody or a combination of antibodies, as indicated. The
calculated values for pairs of antibodies represent the sums of receptors
immunoprecipitated by each antibody alone. In this representative ex-
periment, the following values were determined: o5, 31.4%; y2, 59.4%; v3,
7.6%; ab5vy2, 66.7%; ab5y3, 38.1% of [*H]muscimol binding sites.
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data, it is possible to estimate that abax_; 5 3 receptors ac-
count for ~15% of total a5 subunit-containing receptors in
rat hippocampus. Although these isoforms are of low abun-
dance, it seems that the pharmacological characteristics of
the a5 subunit predominate, as judged by the binding of the
ab-selective ligand [*H]L-655,708. A contribution of each «
subunit to the overall receptor pharmacology has been shown
in ala6- and ala3-containing receptors, with more or less
predominance of one subunit over the other (Khan et al.,
1996; Araujo et al., 1996).

In a recent study, Fritschy et al. (1997) showed that levels
of ab, B2/3, and y2 subunit expression remain unaffected in
v3-deficient mutant mice, suggesting the coassembly of these
proteins to form native GABA, receptors. The pharmacolog-
ical and biochemical data reported here support and
strengthen such a conclusion, because they demonstrate a
preferential association of the a5 subunit with the y2 subunit
in both rat and human hippocampus and establish «532/3y2
as a native hippocampal GABA, receptor isoform.
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