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Golgi cell synapse does not resolve if the two polypeptides are 
coassembled to form one GABAA receptor-they segregate to 
separate channels, or both possibilities occur. However, our 
results suggest that the two pharmacologically distinct synaptic 
GABA A receptor channels (Puia et aI., 1994) correspond to 
GABA A receptors cO!'taining only ,,1 as " subunit and to ,,6 
subunit-containing receptors. 

Heterogeneity of Golgi synapses according to their er 
subunit content 
Quantitative measurements of GABAA receptor immunoreactiv
ity ill Golgi synapses revealed one synapse population for the {32/3 
subunits and two populations for the ,,1 subunit of the GABAA 

receptor. A possible explanation for the existence of two Golgi 
synapse populations with respect to their ,,1 subunit content is 
that synapses having lower ,,1 subunit immunoreactivity contain 
higher concentrations of the ,,6 subunit (Nusser et aI., 1995b). 
Although numerous Golgi synapses were immunopositive for 
both the ,,1 and ,,6 subunits, many synapses were found to be 
immunopositive for only one of these" subunits. This result 
indicates a beterogeneity of Golgi cell to granule cell synapses 
with a variable ,,1 to ,,6 subunit ratio. Spontaneous IPSCs in 
cerebellar granule cells decay with a fast and a slow component 
(Brickley et ai. , 1995a). These components could be modified 
differentially by diazepam, indicating that they may correspond to 
the activation of two GABAA receptor populations (Puia et aI., 
1994). The proportion of the fast versus slow decay components of 
individual IPSCs varied within granule cells (Puia et aI., 1994), 
wbich is in agreement with our results predicting different ratios 
of the ,,1 to ,,6 subunit in individual Golgi synapses. The ratio of 
different GABA A receptor channels in GABAergic synapses may 
be modified according to the activity of the pre- or postsynaptic 
cells. 

Enriched immunoreactivity for the as subunit in 
excitatory mossy synapses 
A vast majority of mossy fiber terminals use glutamate as a 
transmitter (Somogyi et aI., 1986); therefore, the presence of the 
GABAA receptor ,,6 subunit in mossy synaptic junctions in addi
tion to glutamate receptors (Silver et ai., 1992; Nusser et ai., 1994) 
is unexpected. Cross-reactivity with an unknown glutamatergic 
synapsc-specifi c protein cannot be excluded using immunocyto
chemistry, but it is unlikely that both antibodies, each with a 
different specificity, would cross-react with the same unrelated 
protein(s) that is enriched exclusively in mossy fiber synapses. A 
possible cross-reactivity with GluR subunits is unlikely, because 
all of our antibodies selectively stained the cerebellar granule cell 
layer; therefore, the cross-reacting GluR should be restricted to 
the granule cell layer, and such receptors have not been described. 
These antibodies did not label glutamatergic synapses in the 
molecular layer of the cerebellum or in various layers of the 
hippocampus using immunogold localization. Furthermore, the 
possible cross-reactivity with GluR subunits, expressed by granule 
cell s (Sato et ai., 1993; Akazawa et ai., 1994), can be excluded by 
the lack of immunoreactivity on GluR-expressing cell s with our ,,6 
subunit antibodies. False positive labeling of mossy synapses from 
the extrasynaptic plasma membrane can be excluded because the 
labeling intensity 01' the mossy synapse is higher than that of the 
nonsynaptic membrane. Furthermore, we used a nondiffusible 
marker with a maximum of 20 om displacement from the epitope, 
a distance much smaller than the half-length of the synaptie 
specialization. Identical results were obtained in [our different 
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areas of the cerebellar cortex, indicating that mossy fiber termi
nals establishing synapses immunopositive for the ,,6 subunit of 
the GABA A receptor originate from diverse sources. 

The functional signifi cance of the presence of the GABAA 

receptor a6 subunjt in mossy fiber synapses is unknown, but 
several possibilities can be envisaged. 

(1) The ,,6 subunit in mossy synapses may be in a different form 
than that in the Golgi cell synapses. Short (,,6S) and long ("GL) 
spliced variants of the ,,6 subunit have been reported (Korpi et ai., 
1994). Recombinant receptors, resulting from the coexpression of 
,,6S with {32 and '}'2 subunits, failed to bind eH]muscimol or 
[3H]R015-4513 and did not pass significant CI - current (Korpi et 
ai. , 1994). It is possible that the short version of the ,,6 subunit, 
which should be recognized by both of our antibodies, is present 
in mossy synapses, resulting in nonfunctional channels even in 
combination with other subunits. 

(2) The ,,6 subunits may form fULlctional channels in mossy 
synapses, probably in combination with other subunits, but the 
endogenous li gands of these receptors are not released from 
mossy fiber terminals. Nevertheless, the receptors could be acti
vated by GABA released from Golgi terminals and diffusing 
subsequently into mossy synapses. Such a djstant action of GABA 
would be simil ar to that in the hippocampus, where GABA can act 
on presynaptic GABAs receptors on excitatory terminals some 
distance from its release site (Isaacson et ai., 1993). 

(3) The a6 subunits in mossy synapses may form functional 
chloride channels that are activated by the synaptic release of 
endogenous li gands from mossy fiber terminals. Neurotransmitter 
GABA is synthesized mainly by glutamic acid decarboxylase 
(GAD) in nerve terminals. However, tbere is evidence of alter
native pathways producing GABA from '}' -hydroxybutyrate (Bax
ter, 1976) or from L-omithine (Yoneda et aI., 1982). A vast 
majority of mossy fiber terminals are immunonegative for both 
GAD and GABA (Somogyi et ai., 1985, 1986; Ollersen et ai., 
1988). This does not exclude the possibility that GABA is present 
in mossy fiber terminals at a concentration undetectable by im
munocytochemistry. Furthermore, a few GABA-immunopositive 
mossy fiber terminals have been reported to originate from the 
deep cerebellar nuclei in cat (Hamori and Takacs, 1989) but, even 
if they were present in rat, their paucity cannot explain the present 
results. In addition to GABA, {3-alanine, '}'-hydroxybutyrate, and 
taurine have been suggested as endogenous ligands o[ CI - chan
nels (Sllead and Nichols, 1987; Horikoshi et ai. , 1988). Although 
their distribution in the cerebellar glomeruli is unknown, they are 
potential candidates to act as Iigands for the ",6 subunit-contain
ing GABA A receptors in mossy fiber synapses. 
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