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Purpose and Background of the Research

@ Outline of the Research
We have discovered that when dendritic spines—tiny structures connecting neurons in
the cerebral cortex—are prevented from enlarging, awake cognitive functions disappear.
Our goal is to uncover how the enlargement drives both wakefulness and cognition.
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Figure 1. Dendritic spines in the brain function.
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@ Manipulation of spine enlargement

Knowing where spines enlarge is
crucial for understanding cognition.
We have successfully labeled these
spines (Nature 2015) and
developed an improved labeling
method called iAS (A).
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Expected Research Achievements

® How spine enlargement underpins cognitive function
Dendritic spine chemogenetics shows that blocking spine enlargement in the brain
prevents perception, executive function, and even wakefulness. Understanding this
requires measuring the fast mechanical transmission (A), clarifying why cognitive
impairments arise, and mapping where spine enlargement occurs in the cortex, even
within single neurons. We will also examine the positive feedback loop between spine
enlargement and circuit dynamics (B).

Rapid associative synaptic plasticity likely forms the basis of cognition, yet it has
been difficult to demonstrate in the cortex. We have shown that spine enlargement
can physically push the presynaptic terminal, enabling quick plasticity while increases
in glutamate sensitivity happen more slowly (A). Despite technical difficulties, we will
quantify the prodesses with the state-of-the art technology.
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Finally, labeling enlarged
spines under different
experimental conditions will
deepen our understanding of
brain function beyond traditional
ideas of “functional localization.”
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Figure 3. Underpinning of cognitive function
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