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SUMMARY
‘y-Aminobutyric acid (GABA) modulates the convulsant binding
site on GABAA receptors labeled by t-butyIbicyclophosphoro[�S]
thionate ([�S1TBPS). The modulation vanes between different
brain regions, reflecting the molecular heterogeneity of the GA-
BAA receptors. In rat brain cryostat sections, the main sensitivity
difference to GABA between brain regions was observed within
the cerebellum. [35S]TBPS binding in the granule cell layer was
more sensitive to GABA than was that in the molecular layer and
was detected only after blockade of the GABA agonist sites by
the specific GABAA antagonists SR 95531 , RU 51 35, and bicu-
culline. This indicates that the [35S]TBPS binding sites in cere-
bellar granule cells were blocked by endogenous GABA. In
contrast, the internal rim of the granule cell layer had a small
amount of binding that was largely insensitive to 50 �M GABA.
The molecular basis for the sensitivity difference could be traced
to the a subunits of the GABAA receptor. Expression in human
embryonic kidney 293 cells of a6f32y2 receptors produced [355]

TBPS binding sites that were about 1 0-fold more sensitive to
inhibition by GABA than were those inherent to alfl2y2 recep-
tors. Coexpression of a6 and fl2 subunits produced [�SJTBPS
binding sites that were largely insensitive to GABA inhibition,
resembling in their pharmacological profile the sites in the internal
granule cell layer. Furthermore, the differences between a6�32
and a6fl2y2 receptors stress the importance of the ‘y2 subunit
for the proper pharmacological fingerprint of the rest of the
granule cell layer. The neurosteroid 5a-pregnan-3a-ol-20-one
affected the binding in both al fl2’y2 and a6/32y2 receptors, but
inhibition was greater in a6-containing than in al -containing
receptors, suggesting differential coupling of both GABA and
neurosteroid sites with the convulsant site. These data might
serve as a platform for additional studies to assess the amino
acid residues in the two a subunits that are critically involved in
the allosteric interactions between the GABAA agonist/antagonist
or neurosteroid domains and the convulsant site.

GABA is the main inhibitory neurotransmitter in the mam-

malian central nervous system. Its actions are mediated by

GABAB receptors that are associated with GTP-binding pro-

teins (1) and by GABAA receptors that have an integral anion

channel (2, 3).

GABAA receptors are affected by a variety of important

drugs, including BZ, barbiturates, steroids, convulsants, and

ethanol. The cloning of more than 12 GABAA receptor subunits

has given a structural basis to the pharmacological heteroge-

neity of this receptor system with respect to the diverse central

BZ binding sites. A functional GABAA receptor modulated by

BZ ligands consists of a minimum of three different subunits

(a, fi, and ‘s’) (4) in an unknown stoichiometry. In receptor
complexes containing the ‘y2 variant, it is largely the a subunit

variant that determines the BZ receptor pharmacology. The al

This study was supported by the Alexander von Humboldt Foundation, the
Academy of Finland, and the German Science Foundation (SFB 317).

variant confers BZ type I specificity and the a6 variant a BZ

agonist-insensitive specificity (5, 6). The �y subunits, especially

‘y2, are required for BZ modulation (4, 7). Early expression
studies suggested that the a subunits are important for differ-

ential GABA sensitivity of C1 flux (8). However, these studies
were performed in axfll receptors without the ‘y2 subunit, the

presence of which affects the overall characteristics of the Cl

channels (9). No consistent differences have been reported up

to now for GABAA receptors containing the various f3 variants

(10, 11).

We have used the modulation by GABA of convulsant bind-

ing (with [�S]TBPS as a ligand) to probe the heterogeneity of

the GABAA receptors in rat brain sections. We have correlated

the in vivo pharmacological fingerprints with the properties of
recombinant receptors expressed in vitro from various subunit
cDNAs selected on the basis of their regional expression (12,

13). In the present report, a greater GABA sensitivity of [355]

TBPS binding in the rat cerebellar granule cell layer (14) is
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described. Furthermore, we provide evidence that this property

is inherent to a6 subunit-containing receptors that are ex-

pressed only in the cerebellar granule cells.

Materials and Methods

Autoradiography. The procedure, modified from the report of
Olsen et al. (15), was carried out as described (14). Briefly, 14-�sm

horizontal cryostat sections from adult male Sprague-Dawley rats were

preincubated for 30 mm in 50 mM Tris . HC1, pH 7.4, in an ice-water

bath. Incubation with 6 nM [35S]TBPS (New England Nuclear) for 90

mm at room temperature (22’) was performed in the same buffer

supplemented with 120 mM NaCl. Effects of various concentrations of

GABA (Serva) and the GABAA antagonists SR 95531 (Research Bio-

chemicals), RU 5135 (Roussel Uclaf), and bicuculline methiodide

(Sigma) were tested. After incubation, the sections were washed three

times for 15 sec in ice-cold incubation buffer, dipped into distilled

water, air-dried at room temperature, and exposed to Kodak X-OMAT-

AR film or to Hyperfilm-f�max (Amersham) for 3 days. Picrotoxinin

(10 �tM; Sigma) reduced the signal to background levels (data not
shown). Autoradiographs were photographed as positive images.

Transfection of 293 cells. Human embryonic kidney 293 cells

were transfected (16) with rat al-, a6-, fl2-, and -y2-encoding cDNAs,

subcloned individually into eukaryotic expression vectors (4, 6, 17).

Transfection of about 4 x l0� cells that had been plated 2-3 days

earlier in a 15-cm tissue culture dish was optimized by varying the ratio
of the cDNAs for the a, �3, and -y subunits.’ The ratio used in the

present transfections, i.e., 1 (=5 �sg):5:0.1 for the a:f3:-y subunits, yielded

the highest binding levels for [35S]TBPS, [3H]muscimol, and [3H]Ro

15-4513. Different amounts of subunit cDNAs in the transfection do

not necessarily indicate that the resulting recombinant receptor sub-

units assemble at the same ratio. The medium was changed 20 hr after

transfection, and 48 hr after transfection the cells were washed once

and then harvested into phosphate-buffered saline. The cell pellets

were homogenized in 50 mM Tris-citrate buffer, pH 7.4, with a Polytron,

followed by two centrifugation-resuspension cycles, and were used for

ligand binding or were centrifuged and stored at -80’.

Ligand binding to recombinant receptors. Fresh or frozen mem-
branes were used with similar results. Frozen membranes were thawed,
resuspended, and centrifuged once before final resuspension in 50 mM
Tris-citrate to give a protein concentration of 100-240 �g/ml (Bio-Rad

protein assay kit with bovine serum albumin as standard), in a total
volume of 0.5 ml/assay tube. All samples were homogenized briefly
with a Polytron just before they were added to the binding mixture.

After incubation of duplicate samples for defined times, bound and free
ligand were separated by rapid filtration of the membranes onto

Schleicher & Schuell glass fiber filters (no. 52), using a 24-filter
manifold at reduced pressure. The samples were rinsed twice with 5 ml

ofice-cold 10 mM Tris . HC1, pH 7.4. The air-dried filters were immersed

in 4 ml of Packard Ultima Gold scintillation fluid, and radioactivity

was determined in a Beckmann liquid scintillation counter.

[35S]TBPS binding was determined during a 90-mm incubation at

22’ in 50 mM Tris-citrate supplemented with 200 mM NaC1. Nonspe-

cific binding was defined in the presence of 10 �tM picrotoxinin (Sigma).
[35S]TBPS was used at a 6 nM concentration and was diluted with

unlabeled TBPS in saturation experiments to cover a range from 6 to
200 nM. In some experiments, GABA ranging from 1 nM to 100 �sM and

3a-OH-DHP (Sigma) at 100 nM and 10 �zM concentrations were added

to the incubation mixtuie.

[3HjMuscimol and [3H]Ro 15-4513 (both from New England Nu-

clear) binding was determined in 50 mM Tris-citrate buffer after 60

mm at 0’. GABA at 100 �sM and flumazenil at 10 j�M defined the

nonspecific binding for the radioligands at 6 nM each. In saturation

experiments, the concentration of the radioligands ranged from 0.5 to

32 nM. Displacement of [3H]muscimol binding by GABA was studied

using GABA concentrations ranging from 3 to 300 nM.

Dissociation of [35S]TBPS from its recognition sites was initiated by

1 �zM GABA after equilibrium conditions had been reached (3 hr at

22’). Six 500-�sl samples were withdrawn between 2 and 90 mm after

the start of the dissociation, filtered individually onto Schleicher &

Schuell no. 52 glass fiber circles on a Millipore filtration manifold, and

washed twice with 5 ml of ice-cold 10 mM Tris . HC1, pH 7.4. No

differences in the binding levels were seen between 3-hr and 4.5-hr

incubations (data not shown).

Calculation of the binding parameters and statistics. The
Inplot program (GraphPad Software, San Diego, CA) was used to

calculate the best-fitting values for the parameters of saturation iso-

therms (Kd and B,,,,), displacement curves (IC50 and K), and dissocia-

tion time curves (t#{189}and maximal displacement). Statistical significance

of the differences between the means of various groups was assessed

by analysis of variance or Student’s t test using the GraphPad Instat

program. The number of experiments refers to the number of both

independent transfections and binding assays.

Results

GABA and GABAA antagonists affected the picrotoxinin-

sensitive [35S]TBPS binding in rat brain sections. Their effects

were different in the cerebellar granule cell layer, compared

with other brain areas such as the molecular layer of the

cerebellar cortex (Figs. 1 and 2). Without added GABA, the

molecular layer was labeled, whereas the granule cell layer was

essentially free of specific [35S]TBPS binding (Figs. 1 and 2).

Conversely, the granule cell layer was heavily labeled when

residual GABA was displaced from its receptor by the specific

GABAA antagonists SR 95531 (Fig. 1), RU 5135 (Fig. 2), and

bicuculline (14). Whereas higher GABA concentrations (�50

�tM) entirely abolished the binding (except in the internal rim

of the granule cell layer) (Fig. 2), the GABA antagonists gen-

erally slightly decreased the binding (Fig. 1). GABA and its

antagonists reciprocally competed with each others’ actions

(Figs. 1 and 2). All brain regions other than the cerebellar

granule cell layer behaved similarly (Fig. 1), indicating that the

GABAA receptors of the granule cell layer are exceptional in
the brain, in that their [35S]TBPS binding exhibits the highest

sensitivity to the inhibitory effect of GABA.

To mimic the pharmacological fingerprint of the cerebellar

cortex, recombinant GABAA receptors were created from sub-

unit-specific cDNAs in human embryonic kidney 293 cell mem-

branes. Only the GABAA receptor a6 subunit is unique to the

granule cells (6); the other subunits, namely al, fl2, fl3, ‘y2, and

15 subunits (12, 13), are expressed elsewhere in the brain as well.

Therefore, we compared in our expression system GABAA

receptors containing either the most abundant al subunit or

the cerebellum-specific a6 subunit. Fig. 3 shows that a6f�2’y2

receptors are at least 10 times more sensitive to the GABA

inhibition of [35S]TBPS binding than are the a1fl2’y2 receptors.

In contrast, the enhancement of binding by low GABA concen-

trations was greater in al-containing than in aG-containing

receptors. Coexpression of both a subunits with the fl2 and ‘y2

subunits yielded [35S]TBPS binding data with characteristics

averaging the results from the single a subunit-containing

receptors (Fig. 3; Table 1). To study the importance of the ‘y2

subunit in the cross-talk between the GABA and TBPS rec-

ognition sites, we measured [355]TBPS binding to 293 cell

membranes expressing single subunits or their combinations

without the ‘y2 subunit. Homooligomeric a subunit receptors

did not bind [35S]TBPS (data not shown). al�2 and a6fl2
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Fig. 3. Effect of GABA on [�SJTBPS binding to recombinant GABAA
receptors consisting of a6�2y2 (#{149}),al f32y2 (U), or al a6/32y2 (is)

subunits. , Sum of 0.7 x the binding by al �2y2 receptors + 0.3
x the binding by a6f�2y2 receptors. Values are means ± standard errors
of four to seven experiments.
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Fig. 1. Autoradiographic images of [35S]TBPS binding to rat brain hori-
zontal sections, as influenced by the GABAA antagonist SR 95531 and
GABA. A, Basal binding, indicating a wide distribution of binding sites
throughout the brain; B, 50 MM SR 95531 slightly decreased the binding
in most brain regions, while revealing binding sites in the cerebellar
granule cell layer; C, 50 �sM GABA decreased the effect of the antagonist
on binding in the cerebellum and other brain regions. Gb, cerebellum; Cx,
cerebral cortex; Hi, hippocampus; OB, olfactory bulb; CPu, caudate
putamen (striatum).

receptors bound [35S}TBPS but showed features that did not

fit the fingerprint in brain sections, i.e., 1) aG(32-containing

receptors were resistant to inhibition by 10 �tM GABA (Fig. SB)

and 2) the axf32 receptors did not bind [3H]Ro 15-4513 (data

not shown), although heavy labeling by this BZ receptor ligand

is a characteristic feature of the cerebellar granule cells (18,

19).

Because GABA antagonists were used to reveal the granule
cell layer binding of [‘�S]TBPS, the enhanced binding might

GABA RU 5135
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Fig. 2. Autoradiographic images of [�S]TBPS binding to rat cerebellum,
as influenced by GABA and the GABAA antagonist RU 51 35. All binding,
except for that to the internal surface of the granule cell layer, was
abolished by 50 �sM GABA. GABA inhibition was completely reversed by
RU 51 35 (given in MM). RU 5135 at 10 MM in the presence of added
GABA and 0.1 MM RU 31 35 without exogenous GABA revealed binding
in the granule cell layer, thus producing a negative image of the basal
binding (top). Mol, molecular layer; Gr, granule cell layer.
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b Assays were carried out using sets of transfected membranes different from

the ones used in saturation assays.

C Analysis of variance followed by t test using Bonferroni correction, p � 0.001,
compared with a6i32’�2.

ap � 0.05.

GABA:+ - + - + - +

Fig. 4. Effects of the GABAA antagonists SR 95531 (SR) (10 MM), RU
5135 (RU) (10 �zM), and bicuculline (BI) (50 �tM) on [�S]TBPS binding to
recombinant GABAA receptors consisting of a1�32’y2 and a6�32y2 sub-
units. GABA (10 �tM with a1fl2�y2 receptors and 1 �M with a6fl2’y2
receptors) abolished the binding. The antagonists all blocked GABA
inhibition without enhancing binding on their own. The values are means
± standard errors for three experiments. Significance of the differences
from the basal binding (Student’s t test): ‘, p < 0.05; “, p < 0.001.
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Fig. 5. Effects of GABA and 3a-OH-DHP on [35S]TBPS binding to
recombinant GABAA receptors consisting of a6fl2-y2 (circles) or cal �32’y2

(squares) subunits (A) or a6j32 (circles) or ml fl2 (squares) subunits (B).
Open symbols, binding in the presence of 100 n� 3a-OH-DHP. Closed
symbols, binding in the absence of 3a-OH-DHP. Values are means ±

standard errors for three or four experiments.
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TABLE 1

Binding characteristics of GABAA receptors consisting of al, a6,
�2, and y2 subunits
All values are given as mean ± standard error (with the number of independent
determinations given in parentheses).

Receptor subunit combination
Ligand/parameters

a1��2y2 n1ci6��2y2 a6I�2y2

[3H]Muscimol
Kd(nM) 8.1 ±2.4(6) ND8 6.8± 2.2
B�(pmol/mgofprotein) 0.9±0.1 (6) ND 1.5± 0.4
Binding at 6 nM (pmol/ 0.23 ± 0.03c (3) 0.36 ± 0.05� 1 .7 ± 0.1

mg of protein)�’
lC� for GABA inhibition 37 ± 5 (3) 27 ± 1 27 ± 2

(nM)”
K, for GABA inhibition 27 ± 3 (3) ND 14 ± 1

(nM)”

[3H]Ro 15-4513
K,, (nM) 3.9 ± 0.4 (6) ND 6.9 ± 1.5
B� (pmol/mg of protein) 1 .7 ± 0.4 (6) ND 1 .5 ± 0.5

Binding at 6 nM (pmol/ 1 .3 ± 0.1 C (5) 1 .1 ± 0.1 C 2.9 ± 0.2
mg of protein)”

Binding with 10 MM di- 1.0 ± 0.7c(5) 29 ± P 99 ± 1
azepam (% of total)t’

[�S]TBPS
Kd (nM) 41 ± 7 (3) ND 46 ± 7
B� (pmol/mg of protein) 0.7 ± 0.1 (3) ND 0.5 ± 0.1
t#{189}for dissociation by 2.8 ± 0.7d (4) ND 1 .2 ± 0.3

GABA (mm)”
Maximal displacement 87 ± 6’� (4) ND 104 ± 7

(%)“

a ND, not determined.

have been due to the antagonists themselves, rather than their

blockade of endogenous GABA effects. This seems unlikely,

however, because in both al4�2’y2 and a6f32’y2 receptors none

of the antagonists (SR 95531, RU 5135, and bicuculline) at

concentrations used in the autoradiographic experiments en-

hanced the binding, and they actually decreased it in some

cases (Fig. 4). All antagonists abolished the GABA inhibition.

The Kd values for [3H]muscimol and [3H]Ro 15-4513 binding

were similar for a1f32’y2 and aG/32’y2 receptors. The receptors

did not differ in the displacement of [3H]muscimol binding by

GABA (Table 1). The receptors were either fully sensitive (cal)

or insensitive (taG) to the BZ agonist diazepam, as has been

shown previously (6). No difference was found in the Kd of

[35S]TBPS binding after a 90-mm incubation. However, a small

but significant difference was observed in the dissociation of

[355]TBPS from its binding sites induced by 1 � GABA (Table

1), indicating a difference in the coupling between the agonist

and the [:35S]TBpS recognition sites.

The neurosteroid 3ca-OH-DHP enhanced the effects of

GABA in both alfl2’y2 and a6$2’y2 receptors (Fig. SA). How-

ever, the action of the neurosteroid without added GABA was

more pronounced in the aG-containing than in the al-contain-

ing receptors (Fig. 6). The neurosteroid had potent effects on

ax/32 combinations, giving rise to almost complete inhibition

of [aS]TBPS binding by GABA even in the aGfl2 dual combi-

nation (Fig. SB). Thus, in the presence of 3a-OH-DHP, GABA

inhibited the binding to the crlfl2 and aGfl2 receptors with

similar potency.
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Fig. 6. Effect of 3a-OH-DHP on [35S]TBPS binding to GABAA receptors
containing cal fl2y2 (cal) or a6f32’y2 (a6) subunits (A) or cal j32 (cxl) or
a6fl2 (a6) subunits (B). Bars, means ± standard errors for three to seven
experiments. Significance of the differences from the cal -containing re-
ceptors (Student’s t test): “, p < 0.01 ; “, p < 0.001.

Discussion

Some properties of GABAA receptor-associated ionophores

can be conveniently studied using the 35S-labeled cage convul-
sant [35S]TBPS as a ligand. [35SJTBPS binding to GABAA

receptors is stimulated or inhibited by GABA, depending on

experimental conditions (20-22). The effects of GABA on [355]

TBPS binding can, in turn, be modulated by other ligands,

most prominently by the positive and negative allosteric mod-

ulators within the group of BZ receptor ligands, barbiturates,

and neurosteroids (20, 23, 24). In the present study, pre-equi-

librium binding conditions (90-mm incubation at 22’) (20) were

used to detect any differential GABA modulation of [35S]TBPS

binding in rat brain sections. As demonstrated recently (14),

the brain region with the highest variation in GABA sensitivity

of [35SJTBPS binding is the cerebellum. The cerebellar granule

cell layer is far more sensitive to the residual endogenous GABA
concentration than is the molecular layer. Consequently, GA-

BAA antagonists, although slightly inhibitory on their own (Fig.
4), enhanced the [35S]TBPS binding in the granule cell layer
and slightly diminished it in the molecular layer and most other
brain regions by blocking the effects of endogenous GABA.

In the present study, we demonstrate that the heterogeneity

in the GABA modulation of [35SJTBPS binding can be simu-

lated in vitro by varying the a subunits in recombinant GABAA

receptors. The aG subunit-containing receptors, restricted to
the cerebellar granule cell layer (6), are >10 times more sensi-
tive to the negative allosteric modulation by GABA than are

cal subunit-containing receptors. Because the alfl2 and a6fl2

combinations did not produce the same difference in sensitivity

as the ax/32’y2 combinations, it is likely that the majority of

the native GABAA receptors in granule cells are composed of

ax/32’y2. Although the nature of the /3 subunit has not been

positively established, the abundance of the /32 subunit makes

it the most likely candidate for the axI3x’y2 complexes. This is

further supported by the fact that the granule cell layer is

densely labeled by the imidazobenzodiazepine [:3HIR0 15-4513,

the binding of which requires the assembly ofthe three subunits

(cal or aG together with /32 and ‘y2) within the same molecular

complex (4, 6). This interpretation does not require assembly
with the i5 subunit (25), the role of which in GABAA receptor

pharmacology and physiology is still unclear.

Furthermore, we also confirmed the finding made by Edgar

and Schwartz (21), who detected some GABA-insensitive [355]

TBPS binding in the internal granule cell layer. GABA at 50

�tM decreased the binding in the external granule cell and

molecular layers to background levels, while leaving some bind-

ing in the internal rim of the granule cell layer. The subunit

combination responsible for this binding could be aGfl2, because

this combination produced [#{176}�S]TBPS binding that was not

inhibited by GABA, although a number of other combinations

are conceivable.

Because the granule cells of the cerebellum express both aG

and cal subunits, it is possible that a fraction coassembles in

single molecular complex in the form of alaGfl2’y2, besides the

al�32’y2 and aG/32’y2 forms. Indeed, this has been suggested by

immunoprecipitation of [:;H]Ro 15-4513 binding sites from rat

brain membranes using an cal subunit-specific antiserum (26).

In the present study, we simultaneously expressed the al, aG,
�32, and ‘y2 subunits in a heterologous system. About 70% of

the resulting BZ receptors resembled the alfl2’y2 type of recep-

tors and 30% of [3H]Ro 15-4513 binding was insensitive to 10

�tM diazepam (Table 1), the typical feature of aG/32’y2-contain-

ing receptors (6). A theoretical curve constructed from the

experimental data (0.7 x binding by a1f32’y2 receptors + 0.3 x

binding by aGfl2’y2 receptors) was in good agreement with the

experimental data from the cotransfection of the al, a6, fl2,

and -y2 subunits (Fig. 3). This would indicate that almost all of

the GABAA receptors formed had the subunit combination of

either a1f32’y2 or a6/32’y2, as has been suggested previously for

rat brain membranes (26).

The sensitivity difference between the cal- and a6-containing

[35S}TBPS receptors was not restricted to the effect of the

natural transmitter but extended to at least one of the modu-

lators, the neurosteroid 3a-OH-DHP. The aG-containing re-

combinant receptors were more sensitive to the inhibition of

[“'SJTBPS binding by 3a-OH-DHP than were the al-contain-

ing receptors, suggesting a fundamental increase in the sensi-

tivity of their convulsant site to inhibition. Autoradiographic

experiments by Sapp et al. (27) support this conclusion, because

the modulation of [35S]TBPS binding by steroids was most

pronounced in the cerebellar granule cell layer. Interestingly,

the double combinations alfl2 and a6fl2 showed a reversed

GABA sensitivity, compared with the triple combinations. In

fact, the a6/32-containing receptors were largely insensitive to

GABA, but the addition of 3a-OH-DHP reestablished the

former rank order of GABA sensitivity. The data suggest that

the neurosteroid and GABA act synergistically but at different

sites on GABAA receptors. The restoration of the inhibitory

effect of GABA by 3a-OH-DHP in a6fl2 receptors might pro-
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vide a convenient tool to investigate the structural require-

ments for the coupling of the convulsant site to the GABA and

neurosteroid binding sites.

The differential GABA sensitivity seems to be due to differ-

ences in allosteric coupling mechanisms and not in the binding

sites for [35S]TBPS and GABA. This is indicated by the fact

that the Kd of [35S]TBPS and [3H]muscimol binding and the

K, for GABA displacement of [3H]muscimol binding were not

statistically different between the alfl2’y2 and a6fl2’y2 recep-

tors. Although the off-times of [355]TBPS binding induced by

1 �tM GABA differed between these two subunit combinations,

the difference was only 2-fold, compared with the 10-fold

difference in their GABA sensitivity. It should be noted that

the EC50 concentrations for GABA-induced whole-cell currents

in 293 cells are about 0.3 �M and 5 �zM for the a6j32’y2 and

alfl2’y2 receptors, respectively (28), which agrees with the

inhibitory effects of GABA on [35S]TBPS binding at high

nanomolar and low micromolar concentrations, respectively.

Therefore, we suggest that [35SJTBPS binding data are a pre-

dictive measure for the regulation of the GABAA receptor-

associated ionophore.

In conclusion, the present data indicate that a population of

GABAA receptors in the cerebellar granule cells are highly

sensitive to GABA, compared with GABAA receptors found

elsewhere in the brain. Furthermore, this receptor population

is most likely composed of the a6, /32, and ‘y2 subunits.
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