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Delta type 2 glutamate receptor (GluD2), one of ionotropic glutamate receptor, is specifically
localized to parallel fiber (PF) — Purkinje cell (PC) synapse in cerebellum. Accumulated evidence
has shown that (1) GluD2 is essential for induction of long term depression (LTD) at this synapse,
(2) its ligand is D-serine, which is released from Bergmann glia (BG) in activity dependent manner,
and binding to the D-serine can induce LTD at this synapse especially when mice are juvenile, and
that (3) GluD2 has Ca2+ binding site near the D-serine binding site at its ligand binding domain,
which can affect its affinity to D-serine. These findings suggest that the activity dependent Ca2+
dynamics at the synaptic cleft of PF-PC synapse can be a novel regulation mechanism for LTD
induction at this synapse through the Ca binding site of GluD2.

At PF-PC synapse, many molecules are expressed to regulate Ca concentration at its cleft
([Ca]cleft). Among them, voltage gated Ca channels (VGCCs), which are mainly expressed at
presynaptic (= PF) terminal, can potentially work as a "Ca sink" for [Ca]cleft when the PF-PC
synapses are activated; when action potentials are generated, the VGCCs are activated and flow
Ca2+ into the PF terminal from the synaptic cleft, resulting in the reduction in [Ca]cleft. Therefore,
there is a possibility that presynaptic VGCCs can affect the LTD induction at the PF-PC synapse
via Ca binding site of GluD2. Thus, in this year, this possibility was tested by electrophysiological
experiments.

Acute cerebellar slice preparations were made from wild type mice and whole-cell clamp
recordings were performed from PCs to get recordings of PF-PC synaptic transmission. First, the
contribution of N type VGCC was tested. When N type VGCC was blocked pharmacologically, the
PF-PC synaptic transmission was slightly but significantly reduced. On the other hand, LTD, which
was induced by repetitive PF stimulation combined with post PC depolarization, was normal.

Next, R type VGCC was pharmacologically blocked and this time again the synaptic transmission
was reduced. However, when the LTD induction stimulus was applied, LTD was significantly
inhibited. Moreover, when the same experiment was performed using GluD2 KO mice in stead of
WT mice, R type VGCC contribution to the synaptic transmission was impaired. These results
suggest that the localization of R type VGCC could be regulated by GluD2 and could play an
important role for LTD induction at PF-PC synapse. One of possible mechanisms how R type
VGCC regulates LTD induction is that R type VGCC is localized near GluD2 and work as a Ca sink

to regulate D-serine dependent LTD. Further investigation is necessary to elucidate how R type




VGCC regulates the LTD induction at PF-PC synapse.
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Delta type 2 glutamate receptor (GluD2), one of ionotropic glutamate receptor, is specifically localized to parallel fiber (PF) — Purkinje
cell (PC) synapse in cerebellum. Accumulated evidence has shown that (1) GluD2 is essential for induction of long term depression
(LTD) at this synapse, (2) its ligand is D—serine, which is released from Bergmann glia (BG) in activity dependent manner, and binding
to the D-serine can induce LTD at this synapse especially when mice are juvenile, and that (3) GluD2 has Ca2+ binding site near the
D-serine binding site at its ligand binding domain, which can affect its affinity to D—serine. These findings suggest that the activity
dependent Ca2+ dynamics at the synaptic cleft of PF-PC synapse can be a novel regulation mechanism for LTD induction at this
synapse through the Ca binding site of GluD2.

At PF-PC synapse, many molecules are expressed to regulate Ca concentration at its cleft ([Calcleft). Among them, voltage gated
Ca channels (VGCCs), which are mainly expressed at presynaptic (= PF) terminal, can potentially work as a “Ca sink” for [Calcleft
when the PF-PC synapses are activated; when action potentials are generated, the VGCCs are activated and flow Ca2+ into the PF
terminal from the synaptic cleft, resulting in the reduction in [Calcleft. Therefore, there is a possibility that presynaptic VGCCs can
affect the LTD induction at the PF-PC synapse via Ca binding site of GluD2. Thus, in this year, this possibility was tested by
electrophysiological experiments.

Acute cerebellar slice preparations were made from wild type mice and whole—cell clamp recordings were performed from PCs to get
recordings of PF-PC synaptic transmission. First, the contribution of N type VGCC was tested. When N type VGCC was blocked
pharmacologically, the PF-PC synaptic transmission was slightly but significantly reduced. On the other hand, LTD, which was induced
by repetitive PF stimulation combined with post PC depolarization, was normal.

Next, R type VGCC was pharmacologically blocked and this time again the synaptic transmission was reduced. However, when the
LTD induction stimulus was applied, LTD was significantly inhibited. Moreover, when the same experiment was performed using GluD2
KO mice in stead of WT mice, R type VGCC contribution to the synaptic transmission was impaired. These results suggest that the
localization of R type VGCC could be regulated by GluD2 and could play an important role for LTD induction at PF-PC synapse. One
of possible mechanisms how R type VGCC regulates LTD induction is that R type VGCC is localized near GluD2 and work as a Ca
sink to regulate D—serine dependent LTD. Further investigation is necessary to elucidate how R type VGCC regulates the LTD
induction at PF-PC synapse.
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