BOX 39.1

NEURONAL CONTROL OF DROSOPHILA CIRCADIAN BEHAVIOR

One of the greatest strengths of Drosophila as a model to study circadian behavior (andmore generally any behavior) is the remarkably sophisticated set of tools available to manipulate specific populations of neurons. Using tissue-specific “drivers” to express various genes, neurons can be eliminated, electrically silenced or forced to fire action potentials, for example. Levels of gene expression can also be manipulated by overexpression or RNA interference. With this wide panoply of genetic tools, researchers are beginning to understand the role of the complex mosaic of circadian neurons.

There are about 150 circadian neurons in the fly brain, divided in several groups named by their anatomical locations (see Figure B39.1). These clusters of circadian neurons can be further divided based on their morphology, and the neuropeptides or neurotransmitters they express. The small ventral Lateral Neurons (s-LNvs) function as pacemaker neurons in constant darkness (DD): they are necessary and sufficient for rhythmic locomotor behavior to persist in DD. These neurons secrete the neuropeptide Pigment Dispersing Factor (PDF). PDF is necessary for self-sustained behavioral rhythms and to synchronize molecular circadian rhythms in the brain. Interestingly, the phenotypes of flies mutant for either PDF or its receptor (PDFR, which is expressed on most circadian neurons) are remarkably similar to those of mice missing VIP or its receptor (VIPR): arrhythmicity and desynchronization between circadian neurons. Moreover, VIPR and PDFR share extensive sequences homologies. Thus, functional and molecular conservation of circadian rhythm mechanisms between mammals and insects is not limited to the circadian molecular pacemaker (see Box 39.2), but extend to circadian neural circuits.

Why have so many different circadian neurons if just 8 of them (the s-LNvs) can generate robust behavioral rhythms in DD? A first answer is the need to divide tasks. Fruit flies are mostly active at dawn and dusk under Light:Dark (LD) cycles. The PDF positive s-LNvs drive morning activity, but it is a different group of cells that drive evening activity: the dorsal Lateral Neurons (LNds). The s-LNvs and the LNds might thus increase their electrical activity at different times of the day to generate morning and evening bouts of activity. A second reason for the need of a complex circadian neural network is adaptation to an ever-changing environment. Day length (photoperiod) and overall temperatures cycle during the course of the year at most latitudes, and random weather changes influence daily environmental conditions. It is becoming increasingly clear that one of the main purposes for the diversity of circadian neurons is the integration of environmental inputs and a proper adaptation to external conditions. For example, some circadian neurons (DN2s, LPNs) are particularly sensitive to temperature cycles. Others (l-LNvs, DN1s) appear to be important for responses to light inputs. Finally, the contribution of a subset of DN1s to circadian locomotor behavior is dependent on both ambient light intensity and temperature. Interestingly, the hierarchy between circadian neurons can change in response to light exposure. In the dark, or under short photoperiod, the PDF positive s-LNvs play a particularly important role in the control of circadian behavior, while under constant light or under long photoperiod PDF negative circadian neurons (LNds, DN1s) are dominant. This presumably helps flies to cope with seasonal changes in day length. Whether similar mechanisms act in mammals is not yet clear, but specific populations of SCNneurons adjust their firing cycles in response to changes in photoperiods.
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FIGURE B39.1 Circadian neurons in the brain of Drosophila melanogaster. Neurons expressing circadian proteins are shown in blue (Dorsal Neurons 1–3 [DN1, DN2, DN3], dorsal Lateral Neurons [LNd], and Lateral Posterior Neurons [LPN]). Neurons expressing circadian proteins and the circadian neuropeptide Pigment Dispersing Factor (PDF) are shown in red (small and large ventral Lateral Neurons [s-LNv and l-LNv]). The PDF-positive neural projections are drawn in black. The most important projections for the synchronization of the circadian network are the s-LNv projections directed toward the DN1 and DN2 groups. Indeed, PDF level oscillates in the termini of these projections (circled in red), presumably because PDF is rhythmically released. Adapted from C. Helfrich-Förster, 2005, with permission. Copyright 2005, Elsevier.
