
SU M M A RY

The parasagittal distribution of the splice variant
1b of the metabotropic glutamate receptor 1
(mGluR1b) was studied in the cerebellar cortex
by using a specific mGluR1b antiserum com-
bined with immunocytochemical methods. In
f rontal cerebellar sections, the antibodies
revealed alternating bands of immunopositive
and immunonegative Purkinje cells in lobules I
to X of the vermis. In these regions, the distrib-
ution of mGluR1b was complementary to longi-
tudinal bands of Purkinje cells expressing Zebrin
II. The width of the mGluR1b-positive bands
d e c reased pro g ressively in the ro s t ro - c a u d a l
direction, contrary to the rostro-caudal increase
in the width of the Zebrin-positive bands. In the
hemispheres, mGluR1b-positive bands alternated
with Zebrin II-immunopositive bands in the par-
avermal portions of Crus I and Crus II. MGluR1b
and Zebrin II immunoreactivities often colocal-
ized in other regions of the hemispheral lobules.

The compartmentalization of mGluR1b sug-
gests that adjacent Purkinje cells might respond
d i ff e rently depending on the presence of
mGluR1b at parallel fiber-Purkinje cell synapses.

Key Wo rd s : Isoforms – Zebrin – Immunocyto-
chemistry – Cerebellum – Purkinje cell

IN T R O D U C T I O N

Purkinje cells are central elements in the modu-
lar organization of the cerebellar cortex. Their
dendritic arborizations are oriented parasagittally
and receive information from parallel fibers and
climbing fibers, and their axons project to the
deep cerebellar and vestibular nuclei. Afferent
and efferent systems are topographically orga-
nized in zones that extend along the anterior-
posterior axis across the cerebellar lobules. His-
tochemical and immunocytochemical studies
have identified a number of molecules localized
in different parasagittal bands of Purkinje cells
(Chan-Palay et al., 1981; Hawkes et al., 1985;
Ingram et al., 1985; Boegman et al., 1988; Eise-
man and Hawkes, 1989,1993; Leclerc et al.,
1989,1990,1992; Brochu et al., 1990; Nair et al.,
1993; for review see: Herrup and Kuermele,
1997). Zebrin II, the brain-specific glycolytic
isoenzyme aldolase C, has been detected by
using a monoclonal anti-Zebrin II antibody (Ahn
et al., 1994) in alternating parasagittal bands of
immunopositive and immunonegative Purkinje
cells (Hawkes et al., 1985; Brochu et al., 1990;
Hawkes and Gravel, 1991). 

From the neurochemical viewpoint, the cere-
bellar afferent and efferent systems are of differ-
ent nature. Whereas mossy, climbing and paral-
lel fibers are excitatory (Somogyi et al., 1986;
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Zhang et al., 1990; Grandes et al., 1994a), Purk-
inje cells are inhibitory. Glutamate is the main
excitatory neurotransmitter in the brain (Holl-
mann and Heinemann, 1994), and its excitatory
actions are mediated by two classes of glutamate
receptors: ionotropic, which are ligand-gated
cationic channels, and metabotropic, coupled to
second messengers via G-proteins. So far, there
is no evidence for a preferential distribution of
glutamate receptors in cerebellar zones associat-
ed with any particular afferent or efferent sys-
tems. The GABAB-R1b receptor, however, has
been shown to localize in Purkinje cells express-
ing Zebrin II (Fritschy et al., 1999).

As to the mGluRs family, eight subtypes have
been identified and named mGluR1 to mGluR8
(for review: Conn and Pin, 1997). MGluR1 pre-
sents alternative splice variants with differences
in the length and sequence of their intracellular
carboxy-terminal domains. Purkinje cells express
high levels of mRNA for distinct mGluR1 iso-
forms (Berthele et al., 1998). Ultrastructural stud-
ies have demonstrated a perisynaptic localization
of mGluR1a in dendritic spines of Purkinje cells
contacted by parallel fiber synaptic terminals
(Baude et al., 1993; Nusser et al., 1994). Further-
more, the distribution of mGluR1b at perisynap-
tic and extrasynaptic positions has also been
demonstrated in Purkinje cell dendritic spines
(Mateos et al., 2000). Under the light micro-
scope, however, mGluR1a is localized in all
Purkinje cells, while mGluR1b staining intensity
varies in the cerebellar lobules (Grandes et al.,
1994b). To investigate whether this distinct
expression of mGluR1b reflects a compartmen-
talization of the receptor in certain populations
of Purkinje cells expressing or not Zebrin II, we
used immunocytochemical methods for the
localization of mGluR1b and Zebrin II. The
results revealed a compartmentalization of
mGluR1b in parasagittal bands of Purkinje cells
complementary to the distribution of Zebrin II. 

MAT E R I A L S A N D M E T H O D S

The protocols for animal care and use were
according to the European Communities Council
Directive (85/609/EEC). Three adult albino rats
(Sprague Dawley) were anaesthetised with sodi-
um pentobarbital (60mg/kg body weight,
intraperitoneal injection) and perfused transcar-
dially with phosphate-buffered saline (PBS; pH
7.4, at room temperature) for twenty seconds fol-
lowed by 1 liter of a fixative containing 4%
formaldehyde and 0.2% picric acid in ice-cold
0.1 M phosphate buffer (PB; pH 7.4) for 10-15
minutes. Cerebella were removed from the skulls
and transferred first to a 15% (wt/vol) sucrose
solution (0.1 M; pH 7.4) and later to a 30%
sucrose solution after the tissue had sunk.

Frontal 30 µm-thick cerebellar serial sections
were cut on a cryotome, rapidly placed in plas-
tic vials containing PBS, and subsequently prein-
cubated in 1.5% normal goat serum in PBS for 1
hour at room temperature. 

Sets of sections were incubated with the
mGluR1b antiserum (1:500) or with the anti-
Zebrin II antibodies (1:1,000; Hawkes et al.,
1985) overnight at room temperature. Then, the
tissue was processed using a conventional
avidin-biotin horseradish peroxidase complex
method (ABC Elite; Vector Laboratories,
Burlingame, CA, USA). Briefly, sections were
incubated sequentially with a biotinylated sec-
ondary antibody and with an avidin-biotin com-
plex, each for 1 hour at room temperature .
Next, sections were preincubated with 0.05%
3,3’-diaminobenzidine for 5 minutes and then
incubated for 5 minutes by adding 0.01%
h y d rogen peroxide to the same solution.
Stained sections were mounted, dried, dehy-
drated and coverslipped with DPX (Fluka
Chemie AG, Switzerland). 

For colocalization of mGluR1b and Zebrin II,
an immunofluorescence method was used.
Frontal cerebellar sections were incubated simul-
taneously with the polyclonal anti-mGluR1b anti-
bodies (1:250) and the monoclonal anti-Zebrin II
antibody (1:50 in 1.5% normal goat serum/PBS)
overnight at room temperature. Following this,
the tissue was incubated with Cy3-conjugated
goat anti-rabbit (1:100; Jackson Immunoresearch
Laboratories, Inc. PA, USA) and fluore s c e i n
(DTAF)-conjugated goat anti-mouse (1:100; Jack-
son Immunoresearch Laboratories, Inc. PA, USA)
in PBS for 1 hour at room temperature. Then,
sections were mounted, dried and coverslipped
with Glycergel (Dako Corp., CA, USA). 

The mGluR1b antiserum has been extensive-
ly characterized, showing a high specificity for
mGluR1b on immunoblots of transfected HEK
293 cells (Ferraguti et al., 1998; Mateos et al.,
1998) and membrane preparations from rat,
wild-type and Knockout-mGluR1 mice, as well
as on immunoblots of synaptosomes (Ferraguti
et al., 1998). The immunocytochemical pattern
yielded by this antiserum in rat and wild-type
mouse is absent in cerebellar cortices of Knock-
out-mGluR1 mice (Mateos et al., 2000). 

RE S U LT S

In the sagittal plane, numerous Purkinje cell
bodies and the proximal portions of their main
apical dendrites expressed mGluR1b, as
described previously (Grandes et al., 1994b;
Mateos et al., 2000), with strongly immunoreac-
tive Purkinje cells alternating with unlabeled
ones. Abundant small mGluR1b-stained dots
were also present throughout the molecular
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layer, and Golgi cells in the granule cell layer
were positive for mGluR1b.

In the frontal plane, mGluR1b displayed a
zonal distribution in the cerebellar lobules 
(Fig. 1A). The main feature of the immunostain-
ing was the presence of mGluR1b in groups of
Purkinje cell bodies and their dendritic ramifica-
tions in the molecular layer, which were adjacent
to non-immunoreactive Purkinje cell groups. As
observed in serial sections stained with antibod-
ies to mGluR1b and Zebrin II, the distribution of
mGluR1b in the vermis was complementary to
the Zebrin II-positive areas. MGluR1b was
expressed in vermal Purkinje cells of lobules I to
X, and was organized in longitudinal bands neg-
ative for Zebrin II (Fig. 1B). Another feature of
the vermal distribution of mGluR1b was the pro-
gressive rostro-caudal reduction in the width of
mGluR1b-positive bands, which correlated with
an enlargement of that of the adjacent Zebrin-II
bands. Thus, immunoreactive bands were com-
posed of a higher number of mGluR1b-express-
ing Purkinje cells in rostral sections. In fact, the
caudal portions of the mGluR1b bands were
made up of just a few positive cells (Fig. 2). 
In the hemispheres, mGluR1b-positive bands
were observed exclusively in the Zebrin II-

immunonegative paravermal regions of Crus I
and Crus II. Beyond these regions, Zebrin II and
mGluR1b immunoreactivities were found to
coincide in the same hemisphere portions.

The use of double immunofluorescence tech-
niques confirmed the non-overlapping patterns
of mGluR1b-immunoreactive Purkinje cells and
the neighbouring cells labeled for Zebrin II but
not for mGluR1b (Fig. 3). The alternation of
mGluR1b immunopositive and immunonegative
Purkinje cell bands was remarkable in the ver-
mal lobules, but in the hemispheres it was
apparent only in Crus I and Crus II (Fig. 4).
MGluR1b immunofluorescence was also
observed in Golgi cells (Fig. 3). 

DI S C U S S I O N

Compartmentalization of the cerebellar cortex
In this study, we have demonstrated a topo-

graphical distribution of mGluR1b in the cere-
bellar cortex. Thus, groups of mGluR1b-positive
Purkinje cells organized parasagittally within ros-
tro-caudal longitudinal bands alternated with
mGluR1b-negative/Zebrin II-positive Purkinje
cell strips. Early studies had demonstrated
Zebrin-negative Purkinje cells containing differ-
ent molecules, such as the P-path antigen, an
epitope of 9-O-acetylated glycolipids (Leclerc et
al., 1992), the microtubule-associated protein
MAP-1 (Touri et al., 1996), and dystrophin, the
protein product of the Duchenne muscular dys-
trophy gene found in postsynaptic densities of
Purkinje cell dendritic spines (Blake et al., 1999).
In contrast, acetylcholinesterase (Boegman et al.,
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Fig. 1.- Low power micrograph of immunoreactivities for
mGluR1b (A) and Zebrin II (B) in adjacent frontal cere-
bellar sections, as revealed by an immunopero x i d a s e
t e c h n i q u e . Both antigens are distributed in well-delimited
parasagittal bands with complementary patterns in ver-
mis, whereas complementarity is less evident in the
hemispheres. Scale bar: 1,000 µm.

Fig. 2.- Micrographs of frontal cerebellar sections from rostral (A)
and caudal (B) levels, illustrating the rostrocaudal gradi-
ent in the thickness of mGluR1b-immunoreactive bands.
Roman numerals indicate vermal lobules. Purkinje cells
contained in mGluR1b-immunoreactive bands are more
numerous in rostral lobules I-V (A) than in caudal lobules
VI-X (B). Scale bar: 500 µm.



1988), 5´-nucleotidase (Eiseman and Hawkes,
1989), cytochrome oxidase (Leclerc et al., 1990)
and nitric oxide synthase (Hawkes and Turner,
1994) have been found in Zebrin-immunoposi-
tive zones. More recently, parasagittal bands of
rodent Purkinje cells have been shown to con-
tain the 25-kDa heat shock protein Hsp25 (Arm-
strong et al., 2000) with a different expression
pattern during development (Armstrong et al.,
2001), and protein kinase C-δ has been reported
to be restricted to Purkinje cells in the posterior
cerebellar cortex (Barmack et al., 2000). Further-
more, a longitudinal zonal distribution of mossy
and climbing fibers as well as corticonuclear and
corticovestibular efferent projections have been
observed in the cerebellum. Interestingly, there
are some indications of a relationship between
Zebrin-positive bands and patterns of afferent
and efferent projections. For instance, sensory
mossy fibers carrying information from the rat
upper lip preferentially end in Zebrin-positive
regions in Crus II of the ansiform lobule (Hallem
et al., 1999), and spinocerebellar mossy fibers
coincide with Zebrin distribution in lobule IV
(Gravel and Hawkes, 1990). Climbing fibers from
different nuclei of the inferior olivary complex
t e rminate on Purkinje cell dendrites within
Zebrin-positive or Zebrin-negative bands (Grav-
el et al., 1987). Also, cerebellar projections to the

deep cerebellar and vestibular nuclei are orga-
nized parasagittally in longitudinal strips extend-
ing from the vermis to the hemispheres (for
review: Voogd, 1995).

Neurotransmitter localization in the cerebellar
cortex

The existence of a topographical relationship
between these afferent projections and the neu-
rochemical compartmentalization in the cerebel-
lar cortex is probable. Climbing and mossy fibers
exert an excitatory effect on their postsynaptic
targets. However, the identity of their neuro-
transmitters has been a matter of debate for a
long time (for review: Cuénod et al., 1989).
Whereas aspartate was the neurotransmitter can-
didate for climbing fibers (Wiklund et al., 1982),
acetylcholine was the one for at least some
mossy fibers (Garthwaite and Garthwaite, 1988).
Currently, much of the evidence favours a role
for glutamate as a neurotransmitter in both affer-
ent fibers (Somogyi et al., 1986; Liu et al., 1989;
Ottersen et al., 1990, 1992; Zhang et al., 1990;
Grandes et al., 1994a). 

In some cases, the distribution of neuroactive
substances in climbing and mossy fibers is com-
partmentalized. Thus, glutamate-like immunore-
active climbing fibers have been reported to be
localized in vermal lobule VI and in Crus I and

José M. Mateos, Alexandra Osorio, Jon J. Azkue, Rocío Benítez, Izaskun Elezgarai, Aurora Bilbao, Javier Díez, Nagore Puente, Rainer Kuhn, Thomas Knöpfel, Richard Hawkes, Francisco Doñate-Oliver and Pedro Grandes

Fig. 3.- Double fluorescent immunolabeling showing the complementary distribution patterns for mGluR1b (red) and Zebrin II (green) in a
frontal section from the vermal cerebellar cortex. MGluR1b is expressed in the Purkinje cell layer (Pcl), as well as in the molecular
layer (ml) and in numerous Golgi cells (arrows) in the granule cell layer (gcl). In contrast, cell bodies and dendritic arborizations of
Purkinje cells and the molecular layer neuropil contained in mGluR1b-negative bands are reactive to the antiserum against Zebrin
II (P1+ and P2+). Scale bar: 50 µm.



Crus II of the ansiform lobule (Grandes et al.,
1994a), and cholinergic mossy fibers have been
detected in Zebrin-immunoreactive bands
(Boegman et al., 1988). 

Subsynaptic distribution of receptors in Purkinje
cell dendritic spines

The hodological and neurochemical compart-
mentalization in the cerebellar cortex prompts
one to speculate on the existence of a zonal dis-
tribution of neurotransmitter receptors. There is
only one report available demonstrating an
extrasynaptic localization of the GABAB-R1b
receptor in the dendritic spines of Zebrin-
immunopositive Purkinje cells (Fritschy et al.,
1999). Regarding glutamate receptors, the pre-
sent results provide the first evidence for a zonal
distribution in the cerebellar cortex. We have
p reviously demonstrated a perisynaptic and
extrasynaptic localization of mGluR1b in den-
dritic spines of Purkinje cells receiving synapses
from parallel fibers (Mateos et al., 2000). By con-
trast, mGluR1a is placed perisynaptically on the
same synapses (Baude et al., 1993; Nusser et al.,
1994; Mateos et al., 2000). While mGluR1a is
found in Purkinje cells throughout the cerebellar
lobules, mGluR1b is restricted to longitudinal
bands that are immunonegative for Zebrin, as
shown here. In the vermal lobule VIII, the
Zebrin-negative Purkinje cells receiving olivo-
cerebellar fibers from the caudal part of the
medial accesory, dorsal accesory and principal
olive (Gravel et al., 1987) express mGluR1b.
These olivary neurons in turn receive informa-
tion from the spinal cord, dorsal column nuclei
and higher centers, and hence mGluR1b may be
critically positioned with respect to these partic-
ular olivocerebellar fibers, suggesting a role for
mGluR1b in the modulation of specific cerebel-
lar information. 

Possible functional aspects of the zonal distribu-
tion of mGluR1b

Climbing fiber activity evokes a powerful
excitation in Purkinje cells. Activation of voltage-
dependent calcium channels by climbing fibers
results in a prolonged potentiation of the
mGluR-mediated EPSP in Purkinje cells elicited
by parallel fiber activation (Batchelor and Gart-
waite, 1997). MGluR1b present perisynaptically
and extrasynaptically in certain longitudinal
strips of parallel fiber-Purkinje cell synapses
(Mateos et al., 2000) might be a candidate par-
ticipant in the integration of non-coincident sig-
nals through the transient rise in calcium con-
centration elicited by climbing fibers in Purkinje
cells (Batchelor and Gartwaite, 1997). 

These interactions between climbing and par-
allel fibers might have consequences in the
induction of long-term depression (LTD) of the
excitatory synaptic transmission at the parallel

fiber-Purkinje cell synapses. This phenomenon,
which is thought to be the cellular basis of motor
learning (Ito, 1989), involves the activation of
AMPA and mGluR1 receptors at parallel fiber-
Purkinje cell synapses, and activation of voltage-
dependent calcium channels by climbing fibers.
Furthermore, the expression of LTD requires
internalization of postsynaptic AMPA receptors
(Wang and Linden, 2000). MGluR1b exhibits a
rapid internalization and distinct functional
properties (Flor et al., 1996; Prézeau et al., 1996,
Ciruela and McIlhinney, 1997). At present, it is
not known whether the presence or absence of
mGluR1b in certain populations of Purkinje cells
might be related to the synaptic influence exert-
ed by particular climbing fiber inputs on the par-
allel fiber-Purkinje cell synaptic transmission. A
recent study has demonstrated the distribution of
the high affinity excitatory amino acid trans-
porter EAAT4 in dendritic spines of Purkinje cells
at extrasynaptic sites of parallel fiber synapses.
Interestingly, EAAT4 is present in Purkinje cells
expressing Zebrin II (Dehnes et al., 1998). It is
possible that the release of glutamate by high
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Fig. 4.- Complementarity of immunoreaction patterns for
mGluR1b (A) and Zebrin II (B) in adjacent frontal sec-
tions comprising vermal and hemisphere areas. MGluR1b
and Zebrin II are expressed in well-delimited, comple-
mentary bands (arrows) in vermal lobules. Although
band boundaries are not clear-cut in the hemispheres,
immunoreactive bands still exhibit an alternating pattern
(dashed lines in CRUS I and CRUS II). PRM: paramedian
lobule; COPYa: copula pyramidis, sublobule a; PFL:
paraflocculus. Scale bar: 500 µm.



frequency stimulation of parallel fibers would be
able to activate the extrasynaptic mGluR1b dis-
tributed in Zebrin II-negative Purkinje cells
where EAAT4 is not present.

In conclusion, the presence of mGluR1b in
Zebrin-negative Purkinje cells adds a new piece
to the puzzle of the zonal compartmentalization
of  Purkinje cell phenotypes and connectivity in
the cerebellar cortex.

AC K N O W L E D G E M E N T S

Supported by Fondo de Investigación Sanitaria
grant FIS00/198, Gobierno Vasco grants PI-1997-
41 and PI-1999-129, and Basque Country Uni-
versity grant UPV212.327-G24/99. J.M.M. and
R.B. were supported by Gobierno Vasco grant
PI-1997-41. J.J.A. and A.O. were recipients of fel-
lowships from Gobierno Vasco (grant BFI98.18
and BFI98.109, respectively). I.E. and J.D. were
in receipt of fellowships from the Basque Coun-
try University (1998 and UPV212.327-G24/99,
respectively). N.P. was supported by Fondo de
Investigación Sanitaria grant FIS00/0198.

RE F E R E N C E S

AHN AH, DZIENNIS S, HAWKES R and HERRUP K (1994). The
cloning of zebrin II reveals its identity with aldolase C.
Development, 120: 2081-2090.

ARMSTRONG CL, KRUEGER-NAUG AM, CURRIE RW and HAWKES R
(2000). Constitutive expression of the 25-kDa heat
shock protein Hsp25 reveals novel parasagittal bands of
Purkinje cells in the adult mouse cerebellar cortex. J
Comp Neurol, 416: 383-397.

ARMSTRONG CL, KRUEGER-NAUG AM, CURRIE RW and HAWKES R
(2001). Expression of heat-shock protein Hsp25 in
mouse Purkinje cells during development reveals novel
features of cerebellar compartmentation. J Comp Neurol,
429: 7-21.

BARMACK NH, QIAN Z and YOSHIMURA J (2000). Regional and
cellular distribution of protein kinase C in rat cerebellar
Purkinje cells. J Comp Neurol, 427: 235-254.

BATCHELOR AM and GARTHWAITE J (1997). Frequency detec-
tion and temporally dispersed synaptic signal associa-
tion through a metabotropic glutamate receptor path-
way. Natur e, 385: 74-77.

BAUDE A, NUSSER Z, ROBERTS JDB, MULVIHILL E, MCILHINNEY

RAJ and SOMOGYI P (1993). The metabotropic glutamate
receptor (mGluR1a) is concentrated at perisynaptic
membrane of neuronal subpopulations as detected by
immunogold reaction. Neuron, 11: 771-787.

BERTHELE A, LAURIE DJ, PLATZER S, ZIEGLGÄNSBERGER W, TÖLLE

TR and SOMMER B (1998). Differential expression of rat
and human type 1 metabotropic glutamate receptor
splice variant messenger RNAs. Neuroscience, 85: 733-
749.

BLAKE DJ, HAWKES R, BENSON MA and BEESLEY PW (1999). Dif-
ferent dystrophin-like complexes are expressed in neu-
rons and glia. J Cell Biol, 147: 645-657.

BOEGMAN RJ, PARENT A and HAWKES R (1988). Zonation in the
rat cerebellar cortex: patches of high acetyl-
cholinesterase activity in the granular layer are congru-
ent with Purkinje cell compartments. Brain Res, 448:
237-251.

BROCHU G, MALER L and HAWKES R (1990). Zebrin II: a
polypeptide antigen expressed selectively by Purkinje
cells reveals compartments in rat and fish cerebellum. 
J Comp Neurol, 291: 538-552.

CHAN-PALAY V, NILAVER G, PALAY SL, BEINFIELD MC, ZIMMERMAN

EA, WU JYE and O’DONOHUE T (1981). Chemical hetero-
geneity in cerebellar Purkinje cells: existence and coex-
istence of glutamic acid decarboxylase-like and motilin-
like immunoreactivities. Proc Natl Acad Sci USA, 78:
7787-7791.

CIRUELA F and MCILHINNEY RAJ (1997). Differential internali-
sation of mGluR1 splice variants in response to agonist
and phorbol esters in permanently transfected BHK
cells. FEBS Lett, 418: 83-86.

CONN PJ and PIN JP (1997). Pharmacology and functions of
metabotropic glutamate receptors. Annu Rev Pharmacol
Toxicol, 37: 205-237.

CUÉNOD M, DO KQ, VOLLENWEIDER FX, KLEIN AU and STREIT P
(1989). The puzzle of the transmitters in the climbing
fibres. Exp Brain Res. In: Strata P (Ed). The Olivocere -
bellar System in Motor Control. Springer Verlag, Berlin,
17: 161-176.

DEHNES Y, CHAUDHRY FA, ULLENSVANG K, LEHRE KP, STORM-
MATHISEN J and DANBOLT NC (1998). The glutamate trans-
porter EAAT4 in rat cerebellar Purkinje cells: a gluta-
mate-gated chloride concentrated near the synapse in
parts of the dendritic membrane facing astroglia. J Neu -
rosci, 18: 3606-3619.

EISENMAN LM and HAWKES R (1989). 5´-nucleotidase and the
mabQ113 antigen share a common distribution in the
cerebellar cortex of the mouse. Neuroscience, 31: 231-
235.

EISENMAN LM and HAWKES R (1993). Antigenic compartmen-
tation in the mouse cerebellar cortex: zebrin and HNK-
1 reveal a complex overlapping molecular topography.
J Comp Neurol, 335: 586-605.

FERRAGUTI F, CONQUET F, CORTI C, GRANDES P, KUHN R and
KNÖPFEL T (1998). Immunohistochemical localization of
the mGluR1b metabotropic glutamate receptor in the
adult rodent forebrain: evidence for a differential distri-
bution of splice variants. J Comp Neurol, 400: 391-407.

FLOR PJ, GOMEZA J, TONES MA, KUHN R, PIN JP and KNÖPFEL T
(1996). The C-terminal domain of the mGluR1
metabotropic glutamate receptor affects sensitivity to
agonists. J Neurochem, 67: 58-63.

FRITSCHY JM, MESKENAITE V, WEINMANN O, HONER M, BENKE D
and MOHLER H (1999). GABAB-receptor splice variants
GB1a and GB1b in rat brain: developmental regulation,
cellular distribution and extrasynaptic localization. Eur J
Neurosci, 11: 761-768.

GARTHWAITE G and GARTHWAITE J (1988). Electron micro-
scopic autoradiography of D-[3H]aspartate uptake sites
in mouse cerebellar slices shows poor labelling of
mossy fibre terminals. Brain Res, 440: 162-166.

GRANDES P, ORTEGA F and STREIT P (1994a). Glutamate-
immunoreactive climbing fibers in the cerebellar cortex
of the rat. Histochemistry, 101: 427-437.

GRANDES P, MATEOS JM, RÜEGG D, KUHN R and KNÖPFEL T
(1994b). Differential cellular localization of three splice
variants of the mGluR1 metabotropic glutamate receptor
in rat cerebellum. Neuroreport, 5: 2249-2252.

GRAVEL C and HAWKES R (1990). Parasagittal organization of
the rat cerebellar cortex: direct comparison of Purkinje
cell compartments and the organization of the spin-
ocerebellar projection. J Comp Neurol, 291: 79-102.

GRAVEL C, EISENMAN LM, SASSEVILLE R and HAWKES R (1987).
Parasagittal organization of the rat cerebellar cortex:
direct correlation between antigenic Purkinje cell bands
revealed by mabQ113 and the organization of the olivo-
cerebellar projection. J Comp Neurol, 265: 294-310.

HALLEM JS, THOMPSON JH, GUNDAPPA-SULUR G, HAWKES R,
BJAALIE JG and BOWER JM (1999). Spatial correspondence
between tactile projection patterns and the distribution

José M. Mateos, Alexandra Osorio, Jon J. Azkue, Rocío Benítez, Izaskun Elezgarai, Aurora Bilbao, Javier Díez, Nagore Puente, Rainer Kuhn, Thomas Knöpfel, Richard Hawkes, Francisco Doñate-Oliver and Pedro Grandes



of the antigenic Purkinje cell markers anti-zebrin I and
anti-zebrin II in the cerebellar folium Crus IIA of the rat.
Neuroscience, 93: 1083-1094.

HAWKES R and GRAVEL C (1991). The modular cerebellum.
Prog. Neurobiol, 36: 309-327.

HAWKES R and TURNER RW (1994). Compartmentation of
NADPH-diaphorase activity in the mouse cerebellar cor-
tex. J Comp Neurol, 346: 499-516.

HAWKES R, COLONNIER M and LECLERC N (1985). Monoclonal
antibodies reveal sagittal banding in the rodent cerebel-
lar cortex. Brain Res, 333: 359-365.

HERRUP K and KUERMELE B (1997). The compartmentalization
of the cerebellum. Annu Rev Neurosci, 20: 61-90.

HOLLMAN M and HEINEMANN S (1994). Cloned glutamate
receptors. Annu Rev Neurosci, 17: 31-108.

INGRAM V, OGREN M, CHATOT C, GOSSELS J and OWENS B
(1985). Diversity among Purkinje cells in the monkey
cerebellum. Proc Natl Acad Sci USA, 82: 7131-7135.

ITO M (1989). Long-term depression. Annu Rev Neurosci,
12: 85-102.

LECLERC N, BEESLEY PW, COLONNIER M, BROWN I, GURD JW, PAL-
ADINO T and HAWKES R (1989). Synaptophysin expression
during synaptogenesis in the rat cerebellar cortex. J
Comp Neurol, 280: 197-212.

LECLERC N, DORE L, PARENT A and HAWKES R (1990). The com-
partmentalization of the monkey and rat cerebellar cor-
tex: zebrin I and cytochrome oxidase. Brain Res , 506:
70-78.

LECLERC N, SCHARTING A, HERRUP K, HAWKES R and YAMAATO M
(1992). Compartmentation in the mammalian cerebel-
lum: Zebrin II and P-path antibodies define three class-
es of sagittally organized bands of Purkinje cells. Neu -
robiology, 89: 5006-5010.

LIU CJ, GRANDES P, MATUTE C, CUÉNOD M and STREIT P (1989).
Glutamate-like immunoreactivity revealed in rat olfacto-
ry bulb, hippocampus and cerebellum by monoclonal
antibody and sensitive staining method. Histochemistry,
90: 427-445.

MATEOS JM, AZKUE J, BENÍTEZ R, SARRÍA R, LOSADA J, CONQUET

F, FERRAGUTI F, KUHN R, KNÖPFEL T and GRANDES P (1998).
Immunocytochemical localization of the mGluR1b
metabotropic glutamate receptor in the rat hypothala-
mus. J Comp Neurol, 390: 225-233.

MATEOS JM, BENÍTEZ R, ELEZGARAI I, AZKUE JJ, LÁZARO E, OSO-
RIO A, BILBAO A, DOÑATE F, SARRÍA R, CONQUET F, FER-
RAGUTI F, KUHN R, KNÖPFEL T and GRANDES P (2000).
Immunolocalisation of the mGluR1b splice variant of
the metabotropic glutamate receptor 1 at parallel fiber-

Purkinje cell synapses in the rat cerebellar cortex. J Neu -
rochem, 74: 1301-1309.

NAIR S, PRASADARAO N, TOBET S and JUNGALWALA F (1993).
Rostrocaudal expression of antibody HNK-1-reactive
glycolipids in mouse cerebellum: relationship to devel-
opmental compartments and leaner mutation. J Comp
Neurol, 332: 282-292.

NUSSER Z, MULVIHILL E, STREIT P and SOMOGYI P (1994). Sub-
synaptic segregation of metabotropic and ionotropic
glutamate receptors as revealed by immunogold local-
ization. Neuroscience, 61: 421-427.

OTTERSEN OP, LAAKE JH and STORM MATHISEN J (1990).
Demonstration of a releasable pool of glutamate in cere-
bellar mossy and parallel fibre terminals by means of
light and electron microscopic immunocytochemistry.
Arch Ital Biol , 128: 111-125.

OT T E R S E N O P, ZH A N G N and WA L B E R G F (1992). Metabolic
compartmentation of glutamate and glutamine: morpho-
logical evidence obtained by quantitative immunocyto-
chemistry in rat cerebellum. N e u ro s c i e n c e, 46: 519-534.

PRÉZEAU L, GOMEZA J, AHERN S, MARY S, GÁLVEZ T, BOCKAERT J
and PIN JP (1996). Changes in the carboxyl-terminal
domain of metabotropic glutamate receptor 1 by alter-
native splicing generate receptors with differing agonist-
independent activity. Mol Pharmacol , 49: 422-429.

SOMOGYI P, HALASY K, SOMOGYI J, STORM-MATHISEN J and
OTTERSEN OP (1986). Quantification of immunogold
labelling reveals enrichment of glutamate in mossy and
parallel fibre terminals in cat cerebellum. Neuroscience,
19: 1045-1050.

TOURI F, HAWKES R and RIEDERER BM (1996). Differential dis-
tribution of MAP1a and aldolase c in adult mouse cere-
bellum. Eur J Neurosci, 8: 61-68.

VOOGD J (1995). Cerebellum. In Paxinos G (Ed) The Rat Ner -
vous System 2. edition. Academic Press, Inc. California
309-350.

WANG TY and LINDEN DJ (2000). Expression of cerebellar
long-term depression requires postsynaptic clathrin-
mediated endocytosis. Neuron, 25: 635-647.

WIKLUND L, TOGGENBURGER G and CUÉNOD M (1982). Aspar-
tate: possible neurotransmitter in cerebellar climbing
fibers. Science, 216: 78-80.

ZHANG N, WALBERG F, LAAKE JH, MELDRUM BS and OTTERSEN

OP (1990). Aspartate-like and glutamate-like immunore-
activities in the inferior olive and climbing fibre system:
a light microscopic and semiquantitative electron micro-
scopic study in rat and baboon (Papio anubis). Neuro -
science, 38: 61-80.

Parasagittal compartmentalization of the metabotropic glutamate receptor mGluR1b in the cerebellar cortex




