Velume 283, number |, 143=149 - FEBS 09738
1991 Federation of Burepean !iiaulwmivu! Soeiv:ticw wmmmws; $0
ADONIS 001487939 004476

Identxﬁcatton and 1mmunohtstochemlcal mappmg of GABA A receptor
| | subtypes contammg the b—subumt in rat bram

May 1991

D. Bcnkc‘ S Mertens!, A. Trzacmk‘ D leiessen? and H. Mohiex‘

‘lnxn‘nuv af Flmrnuu alng\' Uniwrsur af Ziirieh, CH- 8006 Airieh, Switzerland and ¥ Pharma vamrc‘h Depar:mem.
F. Haﬁnmm:c La Roehe, CH-4003 Busle, $;mnﬁr?fmd

Received 25 Mnrc,h 1991

Symxpnc mmbnmn incbrainis mamty medmccd via GABAL rmpmrx whu:h chsp\'xy & smkmg slrucmm! heterogentity. A novel (ypc of GABAA‘
receplor subunit, the S-subunit, hus recently been deseribed based on molecular cloning of its eDNA [1). To {dentify the prevalence and distribution
of GABA, receptars which contain the -subunit prowm in sity, polyclonu! site-directed untisern were develaped aguinst three synthetic peptides
derived. form the rat dsubunit cDNA-sequence, All untisers spccsf‘tcally recognized w 54 kDa protein in GABA,, receptor preparations. Neéasly:
30% of the GABA, rccepmrsmnmncd the &-subunit nnmunoreauwuy and displayed high aflinity GABA and high aflinity benzodiazeping binding
sites as shown by immunoprecipitation. Receptors which contdin the d-subunit were immunahistochemically shown to be restricted to u few brain
arcas such as’ the cerebelium, thalamus and dentite gyrus of the hippocampul formation: Thus, those neurons which express GABA,\ receptars
with 1 d-subinit huve now been visunlized und made gegessible for a runumn:sl .malym ‘of this GABA, receptor subitype in situ, -

GABA, receptorn 6-Skubumt; Antipeptide untiseru; Western biomng. lmnumoprecxptmmn‘ Immunohistochemistry

1. INTRODUCTION

" Inhibitory neurotransmission in mammalian brainis

‘mainly mediated via GABA receptors. They constitute
GABA-gated hetero-oligomeric receptor-channel com-
plexes which can be allosterically modulated by various
clinically important neuroactive drugs, notably by
hgands of the benzodiazepine receptor and by bar-
biturdtes [2]. Despite their physiological and phar-
macological relevance, the structure of GABAA, recen-

tors is yet unresolved. Initial biochemical and im-

munochemical characterization of the GABAx receptor
pointed to a 250 kDa receptor complex consisting of a-
and B-subunits (reviewed in [3]). Subsequent molecular
cloning of thé «- and B-subunit ¢cDNAs led to the
discovery of not only multiple «- and @-subunit
isoforms (o1 -6, By -3) but also of muitiple y-subunits
(1-2) and a é-subunit (reviewed in [4-6]). To analyze

the subunit composition of various GABA, receptor

subtypes in situ, subunit-specific antibodies are being
used. The a)-, oz, az=, @s-; y2- and Bz2/3-subunits were

identified as proteins of 50, 53, 60, 57, 43 and 56/57 -

kDa, respectively [7-18]. A frequent association of the
ay-, B2,3- and ya-subunits was recently demonstrated
for GABA receptors in situ [13] suggesting that this
subunit combination is of physiological relevance. Co-

-expression of. thls subumt combmauon (ou, Bz, 'yz)
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rcsultéd‘ in GABA.-- gétcd ctﬂoride channéls‘which were
modulated by benzodiazepine receptor ligands [19,20].

Incontrast to the a-, 8- and y-subunits, no information
‘exists on the size, distribution and functional role of the

§-subunit protein-in situ. In recombinant receptors, this :

. subunit, which was identified by molecular cloning 1],

formed GABA-sensitive homo-oligomeric ion channels

but failed to convey ‘benzodiazepine receptor modula-

tion when co-expressed with a- and B-subunits [1] :

Howcver, it remained unclear to what extent the &
“subunit is a constituent ‘of GABA, receptors in vivo,

possibly denoting receptor subtypes which lack certain
modulatory responses to drugs. To approach this ques-
tion we developed antisera against three different pep-
tide sequences unique to the 8-subunit and report here
on. the identification, size and distribution of the ‘-

fsubumt protein as integral component in a subset of
GABA, receptors in-vivo,

2, MATERIALS AND METHODS

Three subumi-spectt\c peptides: derived from. the rdt 3-subunit
¢DNA sequence [1] were synthesized: peptide 8(1-17) {sequence
pyroglutamyl -PHHGARAMNDIGNYVG), peptide 6(179-189) (se-
guence YWSENQEQIHG)  and peptide §(316-322) (sequence

" HFNADYR) [21,22]. An additional cysteine was added to the C-

terminus (peptides 8(1~17) and 6(179-189)) or N-términus (pepnde
8(316-322)), For antibody production the peptides were coupled via
the additional cysteine to keyhole limpet haemoeyanme (KLH) {23}
and about 100 yg conjugate emulsified 1:2 in Freund's complete adju-
vant. were used for immunization of rabbits (KOHA strain, BRL) as

‘described | previously [12-13]. The development of an immune
- response. was momtored by enzyme-lmhed tmmunosorbem assay
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(EL l'sm wing the synthetie peptides as antigen mumdma tw {24).
Weamn Blor andlysis, Iinmunaprecipiation and [FHffumazent! and
(*Fimuscimot rudioligand binding to the GABA vreceptor were per
formed as deseribed previouly {13-18): Crude neuronal membrane
and purilied GABA, receplon were prepared l’wm whale rs brain m
deseribed pmvlom\y 113,28},

For fmmunohistochemisire male Wistar rats uzu f vady weigh)

were anesthetized and flxed by vascular perfusion with 3% parafor
maldehyde in 10 mM phosphate butfer, pH 7.4, and 150 mM NaC)
for 20 min. The brainy were quickly removed and processed for im

murostaining s described (13, 18] using the avidinblotin complex

method (Vesta stain ABC, kit Vector labormories, Burlingame,
USA). Affinityspurification of the 8{1=17)-antiverum was achbeved on
4 thiopropyl-Sepharose 60 matrix (Pharmugin) to which the pepudc

8(1=17) was coupled via the €. |erminahyminc ax dmribcd previous.

ly {13].

3. RESULTS AND DISCUSSION

To identify the size and prevalence of the &- subunit as
constituent of GABAA receptors in vivo polyclonal an-
tisera were raised against three different cDNA-derived
peptide sequences unique to the rat -subunit. The N-

terminal peptide (residues 1-17), as well as a peptide
from. the proposed  ¢xtracellular domain (residucs
179-~189) and a peptide from the proposed intracellular
loop located between the transmembrane spanning

regions M3 and M4 (residues 316-322) were synthesized
and coupled to KLH and used as antigens, ‘High titer
antisera were already obtained two weeks after'the first

booster injection as tested in ELISA using the rcspcc-‘

tive peptides as antigens.
To identify the size of the 8-subunit protein GABAA
receptors purified from whole rat brain were tested with

the antisera on Western blots. All three antisera selec-
tively recognized a 54 kDa polypeptide (Fig. 1, lanes:

1,3,5). Co-incubation of the antisera with the respective
peptides blocked the immune reaction inall three cases
documenting the specificity of the antibody reactions
(Fig. 1, lanes 2,4,6). The apparent size of the native

protein (54 kDa) exceeds that of the deduced amino acid -

sequence of the §-subunit cDNA (49 kDa) [1] suggesting
that a carbohydrate moiety may be attached at one or
both potential N-linked glycosylation sites within the §-
subunit = sequence contributing to the apparent
miolecular size of the native protein.

Two of the antisera, the §(1-17)- and the §(179- 189)-
antiserum, recognized the 8-subunit in the native con-
formation as demonstrated by immunoprecipitation ex-
periments. As illustrated for the 6(1~17)-antiserum, in-
cubation of purified GABAa receptor preparations
with increasing concentrations of the antiserum resulted
in saturable immunoprecipitation of GABAA receptors
as monitored by [*H]flumazenil and [*H]muscimol
radioligand binding (Fig. 2A). A maximum of 28 & 7%
(n 7) of PHilflumazenil binding and 26 + 6% (n=5) of
[*H]muscimol - binding  was precipitated with the
o(1-17)- antlserum) Similar results were obtdined with
the 8(179-189)-antiserum which vielded a maximum

precipitation of 30+ 2% (n=4) of [*H]flumazenil bin-
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Fig. ). Wentification: of the &xubunit protein iv GABA, receplor
preparationy by Westernblowing, GABAN receptor purified from rat
Brain was subjected 10 SDS-PAGE (0.4 pmol "H)flumazenil binding
sites per fane) and bloted onto nitroeeiiulose sheets for immunosiain.
ing with various &subunli-specific antiserd, (Lane 1-2) 8(1=-17)-
dntiserum {1:1000) in.the absence (lane 1) or presence (lane 2§ of |0
pg/mi peptide 812175, (Lane 3-4): §(179-189)-antiserum (1:1000) in
the dbsence (fane 1) or presence tlane &) of 30 uglnﬂ peptide
AC179~189). (Lane 5-6): 8(316-322)-antiserum (1:1000) in the absenee
(line 8) ar presenee (Iane 6) of 30 ag/mi peptide 5(316-322),

ding and 21 6% (n = 3) of [*H]muscimol binding. The
specificity of the immune reaction was assessed in pep-
tide competition experiments. When increasing concen-:

~trations of the peptide §(1-17)- were added to the

&(1-17)-antiserum the immunoprecipitation of GABAa

receptors was prevented in a dose-dependent manner

(Fig. 2B). Thus, a subpopulation of nearly 30% of

GABA, receptors appears to contain the §-subunit,
To determine the regional distribution of the -

subunit protein, crude membrane fractions from dif-
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Fig. 2. Immunoprecipitation of purificd CABAAa receptors from rat
brain with purified 8(1~17)-antiserum. (A) GABAA recepior (150-200
fmol [*H]flumazenil binding) was incubated with increasing concen-
trations of antiserum and [*H]flumazenil bmdmg was determined in
the supernatant (O) and the precipitate (@) in triplicate:in at’ least
three different experiments (means+ SD).. Control values, for which
the aptiserum was replaced by preimmune serum or by buffer, were
subtracted. (B) The specificity of the immunoprecipitation was deter-
mined by incubating the 8(1-17)-antiserum at a concentration leading
to maximum immunaprecipitation in the presence of increasing con-

© centrations of the 8(1-17)-peptide or in thé absence of the peptide

(100% value). Specific binding.of [PH}flumazenil was determined in
three different expenments (®,0,4). ‘
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‘ferent bmm areas wert‘: ana yzed far mmuncmaetwny
in Western blots. In membranes of all brain regions ex-
amined, a single protein band of S4 kDa was labeled

with the &(1~17)-antserum, confirming the results ob-

tained with the purified GABAs receptors (Fig. 3).
Mthaugh the d-subunit immunorenctivity was present
in.all brain regions examined the intensities of signals

varied. Strongest labeling was observed in the cere-

beltum followed by thmﬂmus/hypmhalamus. olfactory
bulls and cerebral cortex, whereas wedaker signals were

detected in the striamm. hnppouampal formmion tmd,

brainstem.

To quantily the amount of GABA,\ reaemom that con-
“tain the &-subunit in the various brain regions immuno-

“precipitation experiments were performed using crude

deoxychelme extracts of brain membranes (Table I).

The amount of GABA,\ receptor precipitated from ex-
tracts of whole brain (21 + 2% [*H]flumazenil binding,

n= 3} was slightly lower than that precipitated from

purified GABA, receptor preparations (nearly 30%),
In line with the regional prevalence of the 8-subunit
detected in Western blots, highest immunoprecipitation

was observed in extracts of the olfactory bulb, cere-

beilum and thalamus/hypothatamum whereas in the
cerebral cortex, striatum and hippocampal formation
significantly less receptor was precipitated (Table 1).

These results suggest that the 8-subunit protein may be -

dif ferentially expressed in various brain regions.
‘To identify those neuronal populations that express
GABA receptors containing the §-subunit, immuno-

hsstochemxcal experiments were performed in para- -

‘ sagmai eryostat sections of rat brain. The 8-subunit im-
munoreactivity was most abundant in the granular layer
of the cerebellum with mainly somatic staining in a

subset of cells (Fig. 4D), followed by thalamus, dentate
gyrus. of the hippocampal formation and olfactory

tubercle (Fig. 4A). In other brain regions, e.g. olfactory
bulb, caudate putamen, ventral pallidum and cerebrai
cortex, only weak staining was detectad (Fig. 4A). The

specificity of immunostaining was assessed in peptide
competition experiments. When the peptide 5(1~17) was
added to the antiserum prior to the incubation pro-
“cedure no immunostaining was observed (Fig. 4B)..In
general, the intensity of the -subunit signal observed
immunohistochemically in various brain regions was in

congruence with that obtained by Western blotting or

1mmunoprecnpnat:on. Furthermore, the immunostain-

ing pattern of the 6-subunit protein (Fig. 4A) correlated

well with the expression pattern of the -subunjt mRNA
[1] For instance, in the hippocampal formation, the
immunoreactivity of the dendritic area of the granule
cells of the dentate gyrus (Fig. 4A,C) is correlated with
the insitu hybridization signals in the corresponding
cell body layer [1]. Likewis¢, in the cerebellum, strong
‘immunoreactivity was displayed by the granular layer

' (Fig. 4A) which also showed very high in situ hybridiza- -

tion histochemistry signals for the s-subunit mRNA [1].
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Mg 3 Renlanﬁl distribution af the &sublnit nmmunarcacllvuy d@!cr-
mined by Western blotting. An equal niumber of ['E Mumazeni! bins
ding sites {= 60 fmol ) from crude membiane fractions isolated from
severnl brain dreas werd apphied to each lane and incubated witly the’
6(!79=-|89)-z\miserum (mluted 1: 10003, R

: “I‘n‘thé n‘iblcculi{r:m)‘fcr' no signals:couid bé ‘détécted ;'

either immunohistochemically (Fig. 4D) or by in situ

‘ hybnch/anon histochemistry (1],

The d-subunit protein is: most prommemly exprcswd

‘m« the cerebellar granular layer, an area which is

characterized by high levels of high affinity muscimol
binding and low levels of benzodiazepine receptor bin-
ding [26]. It had therefore been suggested that the 8-

-subunit may constitute a GABA, receptor subtype that

lacks high affinity benzodiazepine binding sites [(1}.
This was supported by the observation that the §-.
subunit, ' when co-expressed withce- and B-subunits, was

" not able to confer high affinity benzodiazepine binding
1o recombinant GABA, receptors (1], However, our

immunoprecipitation data clearly show that GABAA
receptors which contain the §-subunit lmmuncrcacuv:ty
display both high affinity GABA sites and high affinity
benzodiazepine binding sites in all brain areas tested.

Since - functional - benzodiazepine receptors . are

~ generated in recombinant receptors by co‘-eXpressio‘n of

-, B+ and +2-subunits, it is conceivable that the &-
subunit may be associated with a-, 8- and ya2-subunits in

 Table 1

Immunoprecipitation of GABAA receplors containing the s-subunit
- from crude deoxycholate extracts of various regions of rat brain

- PH]Flumazenil binding sites |
‘precipitated (%)

Olfactory bulb 28 %5

Brain Reglon

Cerebellum 2B *
 Thalamus/hypothalamus - S0 L22% 3
Cerebralcortex .~ o - 1Txd
Striatum® . ‘ 17473
Hippocampus ‘ R IS

Dcoxycholate extracts from membranes of vartous brain areas (200

" uly were incubated with an-amount of 6{1?9—«189)-anuserum (10 aby

which leads to maximum tmmuuoprempuanon The results are ex-
pressed as percentage of specific [PH}flumazenil binding; 100% values

‘correspond to the sum of the radioligand binding in.ihe¢ im-
- munoprecipitate and in thé corresponding supernatant, Nonspecific
- immunoprecipitation was determined by replacing the antiserum by

pre:mmune serum or buffer. The values are means & SD from three
: experiments analysed i in triplicates,

a7
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Fig. 4. Immunohistochemical ocalua!:on of” $-subunit immunoreactivity in parasaginal rat bmm semons mwbated witly af hmxy punmd S(1-17)-

‘antuserum (diluted 1:10), (A,B) Macroscopic view of staining in the absence (A) and presence {B) of 60 pg/mi peptide 8(1-17). (C) Immunostaining.

in the thalamus and the hippocampal formation, (D) Microscopic view of cerebellar staining. Note the intense staining in cerebellar granule. cells

and the lack of staining in the Purkinje cell Tayer and the molecular layer. Positive signals in (A,B,C} correspond 10 thie white areas, in (D) to the

black areas, Bars: (A,B)2,0 mm; (C)0.8 mm; (D) 20 um1. Abbreviations: Cx, cerebral coriex; Dy dentate gyrus; H, hippocampus; G, granular layer;
M, molecular layer; Ob, olfactory bulb; P, Purkinje ¢ells; T, thalamus.

vivo. This view is supported by the strong immunoreac-
tivity in the cerebellar granular 1ayer observed not only

for the §-subunit but also for t‘ne oy [32/3 and ya-sub-~

unit proteins [13,15].
In summary, we have demonstrated that the 6-
subunit is an integral protein of 54 kDa ina subset of

‘native GABA, receptors comprising up to 30% of

GABA, receptors in different brain areas. Neuronal
‘populations which express the 8-subunit were identified
immunohistochemically in situ and are now amenable

to.a funcuonal analysis of this GABA, receptor sub-
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Ctype. Mappmg the various subumt combmanons is part

of ‘the attempt to estabhsh a structure/function rela-
tionship for the various GABA, receptor 5ubtypes in
the brain.
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