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Dynamics of transcription factor and histone modification in activity—dependent gene expression
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Neuronal activity—dependent transcription plays a key role in plasticity and pathology in the brain. An
intriguing question is how neuronal activity controls gene expression via interactions of transcription factors
with DNA and chromatin modifiers in the nucleus. By utilizing single-molecule imaging in human embryonic stem
cell (ESC)-derived cortical neurons, I demonstrated that neuronal activity increased repetitive emergence
of cAMP response element-binding protein (CREB) at histone acetylation sites in the nucleus, where RNA
polymerase II (RNAPII) accumulation and FOS and NR4Al expression occurred rapidly. Neuronal activity also
enhanced co—localization of CREB and CREB-binding protein (CBP). Increased binding of a constitutively active
CREB to CBP efficiently induced CREB repetitive emergence. On the other hand, the formation of histone
acetylation sites was dependent on CBP histone modification via acetyltransferase (HAT) activity but was not
affected by neuronal activity. Taken together, these results suggest that neuronal activity promotes repetitive
CREB-CRE and CREB-CBP interactions at predetermined histone acetylation sites, leading to rapid gene

expression.
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