Serotonin Signaling and Sleep in Caenorhabditis elegans
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Introduction:
Abstract

An Introduction to Sleep (for a review, see Andretic et al., 2008; Dauvilliers et al., 2005; Mahowald and Schenck, 2005) Sleep is ubiquitous and inescapable across species, and yet remains a mystery. Serotonin and G protein signaling have been previously implicated in sleep in species
Importance : such as Drosophila flies. Using as a model the nematode Caenorhabditis elegans, which undergo quiescence (a sleep-like state), this study examines goa-7 (Ga ), dgk-1
- Ubiquitous across all mammals and some invertebrates (diacylglycerol kinase (DGK)), and tph-1 (tryptophan hydroxylase (an enzyme in the synthesis of serotonin)) loss of function (lof) mutants using an image subtraction analysis
- Linked to learning and memory of movement. This study reports that goa-1(lof) and dgk-1(lof) mutants almost completely eliminate quiescence, suggesting a role for GOA-1 and DGK-1 in promoting C.
- Sleep disturbance is one of the most common reasons for why people seek medical attention elegans quiescence. tph-1(lof) mutants do not significantly increase total quiescence. The roles of TPH-1 and serotonin in quiescence are still unclear, possibly due to
- Lack of sleep can lead to death as seen in fatal familial insomnia antagonistic serotonin receptor effects. GOA-1 is known to act as a direct effector for serotonin in egg-laying, defecation, and locomotion in C. elegans, with DGK-1 acting
Definition: either in parallel with or downstream of GOA-1. If GOA-1 and DGK-1 were to act in the same manner as for the serotonin modulation of cholinergic release by motor neurons
- Increased arousal threshold (decreased responsiveness to external stimuli) in locomotion, then goa-1(lof), dgk-1(lof), and tph-1(lof) should all have the same phenotype for quiescence. However, this study finds that GOA-1 and DGK-1 likely act in a
- Rapid reversibility to wakefulness pathway for quiescence distinct from that for serotonin modulation of cholinergic release due to the contrast in the direction of change in total quiescence amounts between
- Homeostasis (rebound sleep after deprivation) goa-1(lof) and dgk-1(lof) versus tph-1(lof) mutants.
- Decreased activity
- Species-specific posture

Materials and Methods:

Figure 4.
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- Relatively simple behaviors Table 1. All C. elegans were reared at 25°C on standard nematode growth medium (NGM)  Total quiescence assayed using the microfluidic chamber method i
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- Concentrated bouts (10-90 seconds each) during lethargus periods (Figure 3) 0 S (Asterisks represent significance with p < 0.05) me
- Evolutionarily conserved molecular machinery for regulation Time (h)
. Figure 6. Loss of goa-1 function causes Figure 7. Loss of dgk-1 function causes Figure 8. Loss of tph-1 function has no
Serotonln (for a review, see Bastiani and Mendel, 2006; Chase and Koelle, 2007; Perez-Mansilla and Nurrish, 2009) . a dramatic decrease in total quiescence a dramatic decrease in total quiescence significant impact on total quiescence
Serotonin in sleep compared to wild-type animals. compared to wild-type animals. compared to wild-type animals.
- Serotonin is important in the regulation of mood and behavior
- In humans, implicated in the formation of circadian rhythm (Kennaway et al., 2001) Total Quiescen ce for Wild-type N2 v goa-1jn363) (p=R.0E-13) Total Quiescence for Wild-type N2 v dgk-1{5y428) (p =1.5E-5) Total Quiescence for Wild-type N2v tph-1(mg280) (p =0.096)
- Highest during wakefulness, decreases during NREM sleep, and almost nonexistent during REM sleep (Portas et al., 2000) =
- However, shown to promote sleep in Drosophila flies and mammals (Yuan et al., 2006; Jouvet, 1968) ﬂ e
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Some serotonin receptors are G protein-coupled 7 N 7 CO“CIUS'O“S
P P P Do T e D Past Studies:
-Serotonin is highest in wakefulness, decreases in NREM sleep, and almost nonexistent in REM sleep (Portas et al., 2000)
G Protein Slgnallng (for a review, see Bastiani and Mendel, 2006; Perez-Mansilla and Nurrish, 2009). - However, serotonin is shown to promote sleep in Drosophila flies and mammals (Yuan et al., 2006; Jouvet, 1968)
-TPH-1 => serotonin => GOA-1 => DGK-1 => reduced locomotion (for a review, see Perez-Mansilla and Nurrish, 2009)
Effectors
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ik GTP GTP o New Findings:
Cleavage Signalin Rejoin - GOA-1 and DGK-1 are needed for quiescence in C. elegans
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GDP B GTP B — Cascade l : - Roles of TPH-1 and serotonin are less clear
¥ "." . .
GDF | i 3 GDP j {B) Vi P, - GOA-1 and DGK-1 may not be downstream of serotonin and TPH-1 for quiescence because
SR _ k 1 * TPH-1 deficient (and therefore serotonin deficient) mutants do not significantly increase total quiescence
« . . : :
GOA-1 and DGK-1 deficient mutants drastically drop in total quiescence
* Thus, GOA-1 & DGK-1 do not seem to act downstream of serotonin for quiescence as they do in locomotion
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