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            Abstract
The unusually high demand for metals in the brain, along with insufficient understanding of how their dysregulation contributes to neurological diseases, motivates the study of how inorganic chemistry influences neural circuitry. We now report that the transition metal copper is essential for regulating restâ€“activity cycles and arousal. Copper imaging and gene expression analysis in zebrafish identifies the locus coeruleusâ€“norepinephrine (LC-NE) system, a vertebrate-specific neuromodulatory circuit critical for regulating sleep, arousal, attention, memory and emotion, as a copper-enriched unit with high levels of copper transporters CTR1 and ATP7A and the copper enzyme dopamine Î²-hydroxylase (DBH) that produces NE. Copper deficiency induced by genetic disruption of ATP7A, which loads copper into DBH, lowers NE levels and hinders LC function as manifested by disruption in restâ€“activity modulation. Moreover, LC dysfunction caused by copper deficiency from ATP7A disruption can be rescued by restoring synaptic levels of NE, establishing a molecular CTR1â€“ATP7Aâ€“DBHâ€“NE axis for copper-dependent LC function.
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                    Fig. 1: Molecular imaging reveals distributions of labile copper in the living brain.


Fig. 2: LA-ICP-MS imaging reveals heterogeneous copper distribution patterns in the brain during development.


Fig. 3: Dysregulation of brain copper homeostasis alters arousal and restâ€“activity behavior.


Fig. 4: Copper transporter gene expression is highly and specifically enriched in LC.


Fig. 5: LC-NE circuitry mediates copper-regulated behaviors.


Fig. 6: Copper transporter gene duplication coincides with the rise of brain NE levels and NE transport in Gnathostomata.
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