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            Abstract
Sleep is one of the few major whole-organ phenomena for which no function and no underlying mechanism have been conclusively demonstrated. Sleep could result from global changes in the brain during wakefulness or it could be regulated by specific loci that recruit the rest of the brain into the electrical and metabolic states characteristic of sleep. Here we address this issue by exploiting the genetic tractability of the fruitfly, Drosophila melanogaster, which exhibits the hallmarks of vertebrate sleep1,2,3,4. We show that large changes in sleep are achieved by spatial and temporal enhancement of cyclic-AMP-dependent protein kinase (PKA) activity specifically in the adult mushroom bodies of Drosophila. Other manipulations of the mushroom bodies, such as electrical silencing, increasing excitation or ablation, also alter sleep. These results link sleep regulation to an anatomical locus known to be involved in learning and memory.
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                    Figure 1: 
                        Expression of PKA in various regions of the fly brain affects sleep differentially.
                      


Figure 2: 
                        Localization of GAL4-dependent brain expression.
                      


Figure 3: 
                        Inducible expression of PKA in the MBs leads to decreased sleep bout duration and accumulation of sleep debt.
                      


Figure 4: 
                        Decreasing and increasing excitability in a subset of MB neurons have opposite effects on sleep.
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        Editorial Summary
Sleep regulation
The fruitfly Drosophila is well established as a genetic model for the study of sleep. The flies have a behavioural pattern resembling what we call sleep, but the signature EEG changes characteristic of sleep and its stages have not been identified, so it is not possible to say if sleep in flies is a neural process and, if so, what neural substrates are involved. Answering this question is an essential step towards interpreting the mechanisms by which genes influence sleep. Two groups have now tackled the problem, and both identify the structures known as the mushroom bodies as the part of the brain involved in sleep regulation. This discovery brings a neural dimension to sleep in Drosophila and also links sleep to the other known functions of the mushroom bodies â€” learning and memory.
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