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Our brains contain ca. one hundred billion neurons that connect through "synapses" to make
neuronal circuits essential for higher brain functions, such as learning and memory. It is considered
that synaptic plasticity, an activity-dependent change in synaptic properties, is a molecular basis of
learning and memory. Indeed, a lot of mutant mice which lack genes involved in synaptic plasticity
exhibit severe memory impairment. However, we do not know whether synaptic plasticity directly
causes behavior dysfunction because we have no means to acutely intervene in synaptic plasticity
at the specific synapses in the brain.

Recently, we developed a new chemogenetic method for directly activating a kind of synaptic
receptor, metabotropic glutamate receptor 1 (mGlu1), which plays an essential role in synaptic
plasticity and cerebellar functions in the brain. Our screening identified that a mGlu1 mutant,
mGIu1N264H, is directly activated by palladium complexes. Notably, a palladium complex showing
low cytotoxicity successfully activated mGlu1 in mGlu1 N264H knock-in mice, revealing that
activation of endogenous mGlu1 is sufficient to evoke the critical cellular mechanism of synaptic
plasticity, a basis of motor learning in the cerebellum (Ojima, Kakegawa et al., Nature Commun, in
revision). Because synaptic plasticity occurs in almost all neuronal circuits in each brain region,
using these technologies, we will know the causal relationship between synaptic functions and the
behaviors in more detail.
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Development of a novel chemogenetic tool for regulation of synaptic plasticity that underlies learning and memory.
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Our brains contain ca. one hundred billion neurons that connect through “synapses” to make neuronal circuits essential for higher
brain functions, such as learning and memory. It is considered that synaptic plasticity, an activity—dependent change in synaptic
properties, is a molecular basis of learning and memory. Indeed, a lot of mutant mice which lack genes involved in synaptic plasticity
exhibit severe memory impairment. However, we do not know whether synaptic plasticity directly causes behavior dysfunction
because we have no means to acutely intervene in synaptic plasticity at the specific synapses in the brain.

Recently, we developed a new chemogenetic method for directly activating a kind of synaptic receptor, metabotropic glutamate
receptor 1 (mGlu1), which plays an essential role in synaptic plasticity and cerebellar functions in the brain. Our screening identified
that a mGlul mutant, mGIlu1N264H, is directly activated by palladium complexes. Notably, a palladium complex showing low
cytotoxicity successfully activated mGlul in mGlul N264H knock—in mice, revealing that activation of endogenous mGlul is sufficient
to evoke the critical cellular mechanism of synaptic plasticity, a basis of motor learning in the cerebellum (Ojima, Kakegawa et al.,
Nature Commun, in revision). Because synaptic plasticity occurs in almost all neuronal circuits in each brain region, using these
technologies, we will know the causal relationship between synaptic functions and the behaviors in more detail.
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