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In the mammalian central nervous systems, glutamate receptors are responsible for fast excitatory
synaptic transmission. Recently, functional and morphological changes in excitatory synapses
mediated by glutamate receptors (synaptic plasticity) are considered the molecular basis of
learning and memory, and new techniques to artificially manipulate synaptic plasticity have been
intensively developed. In the first year of this project, we focused on the group | metabotropic
glutamate receptor 1 (mGlu1), a synaptic molecule abundantly expressed in the cerebellum, which
is responsible for motor coordination and motor learning, to develop a new chemo-genetic
technique (coordination chemogenetics) that can freely activate mGlu1 using a strong coordination
bond with a palladium complex. (mGlu1). Interestingly, activation of mGlu1 in acute cerebellar
sections induced synaptic plasticity dramatically (Ojima, Kakegawa et al., Nat Commun, 2022),
suggesting that this tool is available in acute brain slices. Based on the findings of mGlu1, we next
tried to develop a technique to manipulate mGlu5, an abundantly expressed at hippocampal
synapses involved in spatial learning and cognitive memory. As a result, we succeeded in the
induction of synaptic plasticity even in acute hippocampal sections upon activation of mGlu5 (Itoh,
Kakegawa et al., in preparation for submission). In summary, our findings demonstrate that the
coordination chemogenetic is a powerful method to elucidate molecular mechanisms of learning
and memory involving various brain regions in the future.
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Development of a novel chemogenetic tool for the regulation of synaptic plasticity that underlies learning and memory.
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In the mammalian central nervous systems, glutamate receptors are responsible for fast excitatory synaptic transmission. Recently,
functional and morphological changes in excitatory synapses mediated by glutamate receptors (synaptic plasticity) are considered the
molecular basis of learning and memory, and new techniques to artificially manipulate synaptic plasticity have been intensively
developed. In the first year of this project, we focused on the group I metabotropic glutamate receptor 1 (mGlul), a synaptic molecule
abundantly expressed in the cerebellum, which is responsible for motor coordination and motor learning, to develop a new chemo—
genetic technique (coordination chemogenetics) that can freely activate mGlul using a strong coordination bond with a palladium
complex. (mGlu1). Interestingly, activation of mGlul in acute cerebellar sections induced synaptic plasticity dramatically (Ojima,
Kakegawa et al., Nat Commun, 2022), suggesting that this tool is available in acute brain slices. Based on the findings of mGlul, we
next tried to develop a technigue to manipulate mGlub, an abundantly expressed at hippocampal synapses involved in spatial learning
and cognitive memory. As a result, we succeeded in the induction of synaptic plasticity even in acute hippocampal sections upon
activation of mGlub (Itoh, Kakegawa et al., in preparation for submission). In summary, our findings demonstrate that the coordination
chemogenetic is a powerful method to elucidate molecular mechanisms of learning and memory involving various brain regions in the
future.
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