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Npas4 is regulated by neuronal activity

The formation of inhibitory synapses onto excitatory neurons is regulated by neuronal activity,

takes place over several days, and is a cell-wide process that results in the formation of synapses

onto both the cell body and dendrites. These features led us to hypothesize that activitydependent

development of inhibitory synapses might be controlled postsynaptically by one or -
more activity-regulated genes. To test this hypothesis, we used DNA microarrays to identify

genes that are induced by membrane depolarization in mouse cortical neurons at the time when

inhibitory synapses are developing.

We identified more than 300 genes whose expression levels were altered upon membrane

depolarization (Gene Expression Omnibus accession number GSE11256), a third of which

were novel activity—regulated genes not seen in previous screens. We looked for genes

predicted to encode transcription factors, reasoning that, through genome—wide

characterization of the targets of an activity—regulated transcription factor that controls

inhibitory synapse number, we could gain insight into the biological program that is important

for inhibitory synapse development. Among the approximately 20 known or putative

transcription factors identified, we focused on genes that are selectively induced by Ca2+ influx

in neurons but not other cell types, that are transcribed in response to excitatory synaptic

activity, and that are expressed coincidently with the development of inhibitory synapses. One transcription
factor, the bHLH-PAS family member Npas4, fulfilled all these criteria (Fig. 1) and was investigated further.
Unlike other activity—dependent transcription factors such as CREB and c—fos, Npas4 expression in neurons
is selectively induced by Ca2+ influx but not by several neurotrophic

factors, growth factors or forskolin, an activator of protein kinase A (Fig. 1b). == == *Npas4 is induced in
cultured neurons by the GABAA-receptor antagonist bicuculling, === *

98



NpasdD/ v 9 A H I L YEB L - REF
EED#EEHEMEEFIA]

Supplemental List

To uncover the program of gene expression controlled by Npas4, we acutely knocked down
Npas4 expression in a high percentage of wild—type neurons using a lentivirus expressing
Npas4—-RNAi and performed a second DNA microarray experiment to identify activity-regulated genes that

are misregulated in the absence of Npas4. The expression levels of 327 microarray probe sets representing
270 unique genes were significantly differentin cultures==*
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Figure 3 | The standard view of parahippocampal-
hippocampal circuitry. The standard view that is
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