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Summary. An immunocytochemical investigation of the expression of
ay, A, (3273, 72 and 6 subunits was performed on rat cerebellum granule
cells in culture by the two photon microscopy technique.

The first four subunits appear to be expressed abundantly in these cells,
whereas the § one seems to be expressed at a lower level. Another major
difference in the distribution of these subunits is that whereas as, 353 and
7, appear only on plasma membranes «; and § are present mainly in the
cell bodies cytoplasm. Still another difference was found in that the pres-
ence of 7, on neurites is “polarized”, preferentially labelling neurites with
the appearance of dendrites. The subunits o and (3,3 appear to label all
types of neurites, with [3,,3 being by far the most heavily expressed
subunit type. A final distinct characteristic is that o and, even more, v,
appear to accumulate in the cytoplasmic domains immediately below the
cone of emergence of neurites. This suggests a conspicuous transport of
such subunits from the site of synthesis in the cell body to the site of final
expression in the neurites (dendrites and axon terminals).
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Introduction

The cerebellar granule layer has a pivotal role in receiving
and elaborating the afferent inputs to the cerebellum. The
granule cells are excited by the mossy fiber inputs to their
dendrites at the glomerular complexes and the excitation
of their dendrites is controlled by GABA-ergic inhibition
by Golgi cells (Kandel et al., 2000). The inhibitory
GABA-ergic control of the granule cells activity is power-
ful and involves two types of GABA 4 inhibitions, a phasic
one by means of the GABA-ergic synaptic input to the
granule cells dendrites and a tonic one involving ex-
trasynaptic GABA, receptors (Brickley et al., 1996;

Nusser et al., 1998; Cupello et al., 2000). These two types
of GABA mediated inhibitions are due to different types
of GABA, receptors with different subunit compositions
and therefore with different physiological and pharmaco-
logical characteristics (Nusser et al., 1998; Cupello et al.,
2000; Robello et al., 1999). The endeavour to characterize
the subunit composition of the different populations of
GABA, receptors of cerebellar granules is thus of par-
ticular interest. Both in situ hybridization studies of
messenger RNA’s (Laurie et al., 1992) and more recent
immunocytochemical investigations of the subunits (Pirker
et al., 2000) have indicated ay, g, B2/3, 72 and ¢ as
the main GABA, receptors subunits expressed in the
cerebellar granules of the adult rat. Referring to the neo-
natal rat granule cells grown in culture, although many
studies have been performed on the expression of the sub-
units’ mRNA’s (Bovolin et al., 1992a; Bovolin et al.,
1992b; Beattie et al., 1993; Mathews et al., 1994; Santi
et al., 1994), relatively few papers have dealt with the
immunocytochemical localization of the GABA, recep-
tors subunits of the granule cells (Caruncho et al., 1995;
Gao et al., 1995).

In this report we present our results of an immunocy-
tochemical study about the subcellular distribution in
cerebellar granules in culture of the GABA, receptors
subunits which have been described as the more expressed
in this cell type (a;, ag, B2/3, 72 and 8). This study has
been performed with the sensitive technique of two pho-
tons fluorescence microscopy.
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Materials and methods

Antibodies

Affinity purified polyclonal antisera from rabbit against the GABA4 re-
ceptor o) and « subunits were purchased from Chemicon International,
Temecula, CA. According to the manufacturer, they were raised, respec-
tively, against peptide residues 1-16 of rat or mouse «; subunit and
against a synthetic peptide corresponding to amino acids 1-16 of bovine
GABA, receptor ag subunit. From Chemicon International was also the
rabbit anti-y, subunit polyclonal antibody. This was against a synthetic
peptide from the N-terminus of rat GABA, receptor -y, subunit.

The antibody against the (3,/3 subunit was the mouse monoclonal anti-
body bd-17, purchased from Boehringer Mannheim, Germany. Finally, we
used an affinity purified goat polyclonal antibody raised against a peptide
mapping at the carboxy terminus of human GABA 4 receptor ¢ subunit. This
antibody was purchased from Santa Cruz Biotechnology, Santa Cruz, CA.

Alexa Fluor 488 goat anti-rabbit IgG (H+L), Oregon Green'™ 488
goat anti mouse IgG and Alexa Fluor® 350 donkey anti-goat IgG
labelled antibodies were obtained from Molecular Probes, Inc., Leiden,
The Netherlands.

Granule cells cultures

Granule cells were prepared from cerebella of 7 days old Sprague-Dawley
rats following the procedure of Levi et al. (1984). In brief, the tissue was
minced and then suspended in trypsin (0.25 mg/ml, Type III Sigma) for
15min at 37°C in a shaking water bath and then in deoxyribonuclease and
trypsin inhibitor. Finally, the tissue was dispersed by gently drawing it into
a fire-polished Pasteur pipette. Cells were resuspended in basal Eagle’s
medium with Earle’s salts supplemented with 10% fetal calf serum (Gibco
Bio-Cult, UK), 25 mM KCIl, 2mM glutamine and 100 ;g/ml gentamicine
and plated on poly-L-Lysine coated glass cover slips placed in 10 mm
sterilized glass dishes at a density of 1 x 10° per dish and kept at 37°C in a
humified 95% air-5% CO, atmosphere.

Immunolabelling

Seven days after having been put in culture, the cells were washed three
times for S5min each in PBS buffer (0.01M, pH 7.4), fixed in 3.7%
paraformaldehyde in the same buffer for 5 min at room temperature and
washed again three times for 5 min each with PBS. Cells were permeabil-
ized with 0.1% Triton X-100 in PBS + BSA (Bovin Serum Albumine) for
30min and incubated overnight at 4°C with primary antibody:

e Polyclonal rabbit antibody against «;; subunits (amino acids 1-16) of
the rat GABA4 receptor, concentration 1.5 ug/ml in 1% BSA in PBS;
Polyclonal rabbit antibody against o subunits (amino acids 1-16) of
the GABA, receptor, concentration 1 xg/ml in 1% BSA in PBS;
Rabbit anti-rat GABA, receptor 7y, subunits (N-terminus) polyclonal
antibody, concentration 1.3 ug/mL in 1% BSA in PBS;

e Mouse monoclonal antibody against 3,3 subunits of GABA, receptor
(clone bd 17), concentration 1.5 ug/ml in 1% BSA in PBS;

Goat polyclonal antibody raised against the carboxy terminus of ¢
subunit of rat GABA, receptor, concentration 2 pg/ml in 1% BSA in
PBS;

Cells were washed with 1% BSA in PBS three times for 10 min each and
incubated for 1 h at 37°C with secondary antibodies, conjugated with dyes:

e Alexa Fluor 488 goat anti-rabbit IgG (H+ L) (against o, o and 7y,

subunits), concentration 2.5 pg/ml;

Alexa Fluor® 350 Donkey anti-goat IgG antibody (against ¢ subunits),

concentration 7.5 pg/ml;

e Oregon Green™ 488 goat anti-mouse IgG antibody (against 5, /3 sub-
units), concentration 10 pg/ml.

Cells were washed three times in PBS buffer for 10 min and mounted in
glycerol /buffer (70/30). To exclude autofluorescence control cells were
incubated with only primary or secondary antibodies.

Image acquisition

The granule cells were imaged using a two-photon laser scanning micro-
scope Nikon PCM 2000 (Nikon Instuments, Florence, Italy) described in
details elsewere (Diaspro et al., 2000). Alexa Fluor 488 and Oregon
Green™ 488 were two-photon excited at 750 nm, by a Titanium:Sapphire
infrared pulsed laser (Tsunami 3960, Spectra Physics, Mountain View,
CA, USA); fluorescence was collected with a selective emission filter
centred on 535nm with a bandwith of 50nm; Alexa Fluor® 350 was
two photon excited at 700nm and the fluorescence collected with a se-
lective emission filter centred on 460 nm with a bandwidth of 50 nm. We
used an oil immersion 100X objective; EZ 2000 (Coord, Amsterdam, NL)
software was used for acquisition, storage and visualization.

For each sample, we divided the cell (thickness 10 m) into 15 optical
sections. For each subunit experiment we used at least 15 cells.

Results

First we observed that untreated cells and cells used as
controls did not show fluorescence. Then we considered
the distribution of fluorescence in granule cells marked
with antibodies against the different subunits of GABA
receptor. Of the different antibodies used by us, the most
thoroughly tested with the respective subunits are the
monoclonal one against the (3,3 subunits (bd 17) and
the polyclonal one against «; subunit. However, also the
other ones presented very specific reaction distributions
(see results below), this appears to exclude unspecific
cross-reactions.

In Fig. 1 we report two photon optical sections of a
granule cell labelled with antibodies against «; subunit
of GABA,4 receptor. The fluorescence is distributed ho-
mogeneously in the whole cell body and the signal has
practically the same intensity in every section of the cell
body (distance of 0.5 um one from each other). This sub-
unit appears more in the cytoplasm than on the plasma
membrane. In other words, the conspicuous presence in
the cytoplasm hides an accumulation on the plasma mem-
brane. The neurites result partly marked, but there the
fluorescence shows a lower intensity in comparison with
the cell body.

Figure 2 shows the typical distribution of ay subunit of
GABA, receptor in different focal planes (distance of
0.5 pm) of a granule cell. One can notice that oy subunit
is localized mainly on plasma membranes of the cell body
and of neurites, while fluorescence is very low in the cyto-
plasm. Processes are always intensely marked and their
fluorescence is comparable to that of the cell body. In
some cases the labelling is more concentrated at one of
the cell poles and on the plasma membrane of the process
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Fig. 4. Middle planes of various granule cells marked with antibodies against the (3,3 subunits (case a and b) and of a granule cell labelled for the &
subunit (case ¢ and d) of GABA, receptor. Here too, the bar represents 5 ym

that emerges from this pole. Patches of immunoreactivity
are present both on cell bodies and neurites plasma mem-
branes.

As for the ag subunit, also the v, subunit results dis-
tributed on cell body and processes and it presents a dis-
tinct accumulation on the plasma membranes (see Fig. 3).
Here too, part of the immunoreactivity appears to be pres-
ent in patches along the plasma membranes. In addition,
there is a fluorescence accumulation in a cell region just
below the cone of emergence of granule cell dendrites.
The dendritic nature of the labelled neurites is suggested
by their shape, which is very much reminiscent of the
appearance of the granule cells dendritic tree in situ.

Figure 4a and b represent single sections of the middle
planes of cerebellar granule cells marked for the (3,3
subunit. These images show that this subunit is almost
exclusively localized on cell body and neurites plasma
membrane. The fluorescence shows clusters of high inten-
sity. Fig. 4c and d instead show middle focal planes
of a typical granule cell labelled with antibodies against
the ¢ subunit. Here fluorescence is quite low. This may
indicate that the ¢ subunit is not expressed in high con-
centration in granule cells at the developmental stage
studied by us. The subcellular distribution of this subunit
shows a localization of fluorescence on the cell body rath-
er than on processes. In turn, the labelling of the cell body
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is cytoplasmatic (endoplasmic reticulum) rather than on
the plasma membrane.

Discussion

The subunits we studied in the present work are those
which are more represented in the adult rat and mouse
cerebellum granule layer both in terms of mRNA (Laurie
et al., 1992; Wu et al., 1995) and subunits proper (Pirker
et al., 2000; Gao et al., 1995). An important issue in the
characterization of GABA, receptor mediated inhibition
of cerebellar granules is to differentiate the receptor pop-
ulations which respectively mediate the phasic and tonic
form of inhibition of these cells (Brickley et al., 1996).
The first one involves GABAergic synaptic contacts
whereas the second one is mediated by extrasynaptic
GABA, receptors such as those on granule cells bodies
(Nusser et al., 1998; Cupello et al., 2000). Immunocyto-
chemical studies on cerebellar slices at the electron mi-
croscope level showed that the o (Baude et al., 1992), the
oy and B3,/3 (Nusser et al., 1995) subunits are enriched at
dendritic postsynaptic membranes. Colocalization of «;
and ag at inhibitory synapses was later described (Nusser
et al., 1996). On the contrary, the ¢ subunit was found to
be present only in extrasynaptic receptors (Nusser et al.,
1998). The ~, subunit is instead concentrated in synaptic
GABA, receptors (Nusser et al., 1998).

Previous immunocytochemical studies of GABA, re-
ceptor subunits in cerebellar granules in culture involving
the very same subunits we studied here were performed
by two different groups and with different techniques
(Caruncho et al., 1995; Gao et al., 1995). Our study con-
firms the presence of «, as, 82/3, 72 and 6 in cerebellar
granules obtained from 7 days old rats and kept 7 days in
vitro. Other features which confirm the results of the pre-
vious studies are the relatively lower expression of the
subunit and the presence of patches of immunoreactivity
(see ag, 82/3 and ;) on the plasma membrane of both cell
bodies and neurites. However, there are two distinct dif-
ferences with the previous results. First, the «; subunit
immunoreactivity is diffuse in the cell body cytoplasm so
that it is difficult to distinguish the labelling of the cell
body plasma membrane. This result was not apparent
in the work by Gao and Fritschy (1995) on cerebellar
granules in culture nor in other immunocytochemical
studies in cerebellar slices from adult animals (Baude
et al., 1992; Fritschy et al., 1994). However, in an early
study Meinecke et al. (1989), using the antibody E9, di-
rected against the « subunit of the GABA /benzodiazepine
receptor, found immunoreactivity in the perikaryal

cytoplasm of rat cerebellum granule cells. This antibody
most probably recognizes the o subunit (Sweetnam et al.,
1987). In any case, our results suggest a strong presence
of the «; subunit in receptors in the process of being
assembled in the endoplasmic reticulum (Barnes et al.,
2000). A similar distribution we also found for the é sub-
unit.

Secondly, we found, more markedly for the v, but also
for the oy subunit, an accumulation in cytoplasmic do-
mains just below the site of emergence of neurites. This
suggests that these subunits are synthesized in the cell
body but are then transported to a final membrane desti-
nation in neurites. The distribution of the 7, subunit is
“polar”, the immunoreactivity being on the neurite of
only one side of the cells (see Fig. 3) as opposite to the
one of a which is on neurites on both sides of the cell
body (see Fig. 2). This circumstance and the very appear-
ance of the neurites involved (Fig. 3) suggest that the v,
subunit is transported to a dendritic site. These sites most
probably correspond to what in situ would be postsynaptic
sites. The fact that the « subunit does not show such a
polarity albeit being involved in synaptic receptors in situ
(Baude et al., 1992) may be explained recalling that ben-
zodiazepine-insensitive GABA, receptors are expressed
on parallel fiber terminals too (Schmid et al., 1996). These
receptors may well contain the o subunit (Raiteri et al.,
2001), which actually renders them insensitive to benzo-
diazepine agonists (Luddens et al., 1990). Thus, it is not
surprising to find ag subunits expressed also in granule
cells neurites (axons) which are the in vitro cell structures
which correspond to the in sifu parallel fibers of the cer-
ebellar cortex.
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