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Abstract:

The primary language of excitable cells (action potential firing) is converted |nto the primary
language of intracellular activity (biochemical signaling) by voltage-gated Ca”* channels (Cays). This
occurs in excitation-contraction (E-C) coupling and excitation-secretion (E-S) coupling. Excitation-
transcription (E-T) coupling is more general, yet less understood. A subfamily of Cays, Cav1 (L-type)
channels, are essential for excitation-transcription coupling to nuclear CREB, a transcription factor
critical in learning and memory However, even the earliest step in this signaling is not fully
understood. Local Ca®* elevations near the Cay1 channels help trigger the signaling cascade, but
these channels could also convey a voltage-dependent conformational signal (VCS), like the
conformational signal in E-C coupling. We have devised an approach whereby conformatlonal
changes required to open the Cay pore are experimentally decoupled from Ca®* influx into the
channel nanodomain. This dissection uncovered a remarkable joint requirement for both Ca** flux
and voltage-dependent conformational changes in excitation-transcription coupling. Thus, Cav1
signaling to CREB behaves as an AND gate. The key local signaling intermediate is a cluster of a-
and pCaMKIl molecules.

Another puzzle is how local signaling at Cay1 channels is relayed onward to the nucleus. We have
dlscovered a novel mechanism that mediates long-distance communication: a shuttle that transports
Ca?*/calmodulin from the surface membrane to the nucleus. The shuttle protein is yet another
CaMKIl isoform, yCaMKII. Its phosphorylation at Thr287 by pCaMKII protects the Ca**/CaM signal,
and calcineurin (CaN) triggers its nuclear translocation. Both CaMKIl and CaN act in close
proximity to Ca,,1 channels, supporting their dominance, while yYCaMKI| operates as a carrier, not as
a kinase. Upon arrival within the nucleus, Ca?'/CaM activates CaMKK and its substrate CaMKIV, the
final CREB kinase. The significance of the mechanism is emphasized by dysregulation of Cay1,
yCaMKIll, aCaMKIl, pCaMKIl and CaN in multiple neuropsychiatric disorders including autism and
schizophrenia.
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