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Conserved mechanisms integral to sleep have been identified 
based on behavioral analyses in animals, using molecular, cel-
lular, and/or genetic tools. In the nematode C. elegans, quies-
cence shares fundamental characteristics with sleep in other 
species, including decreased activity, rapid reversibility, altered 
arousal, and homeostatic regulation.1,2 Behavioral quiescence 
in C. elegans occurs during satiety, after exhaustion, and at 
specific times during development called lethargus.1,3,4 In this 
issue of SLEEP, Iwanir and colleagues at the University of Chi-
cago used detailed quantitative analysis to delineate C. elegans 
lethargus quiescence at high resolution, revealing a complex 
temporal architecture of quiescence/activity bouts, unexpected 
posture changes, and homeostatic behavior.5 This precise de-
scription of C. elegans quiescence is essential to create accurate 
models and to guide future studies that will identify the mecha-
nisms underlying sleep-like behavior across species.

C. elegans entry into lethargus is defined by a specific be-
havioral change: initiation of quiescence bouts (QBs). Dur-
ing these short, sleep-like bouts, animals spontaneously and 
transiently cease feeding and moving. QBs are interspersed 
with motion bouts (MBs) with overtly normal activity levels. 
C. elegans have increased arousal thresholds during QBs and 
persistent stimulation during QBs induces subsequent height-
ened arousal thresholds, which is consistent with homeostatic 
compensation.1 C. elegans lethargus lasts roughly 2.6 hours, is 
regulated by developmental expression of the C. elegans Period 
ortholog, and is coordinated with, but does not require, cuticle 
molting.1,6,7 Iwanir and colleagues focus on lethargus occurring 
during the last larval molt and, for clarity, they call L4 intermolt 
larvae “L4i” and use the term “L4m” for animals in lethargus 
that are molting from L4 larvae to adults.5 Hundreds of QBs and 
MBs occur during the L4m, but the relationship between these 
bouts and how bouts change as lethargus progresses was not 
examined carefully until now.

Previous studies of C. elegans quiescence primarily ad-
dressed the total quantity of sleep-like behavior during leth-
argus.1,8,9 However, Iwanir and colleagues5 focused on the 
duration of and correlation between QBs and MBs across L4m, 
thereby revealing new features of C. elegans sleep architecture. 
In early lethargus, they found new evidence for sleep homeo-
stasis. The duration of a QB is directly related to duration of 
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the preceding MB, that is, a long MB is more frequently fol-
lowed by a long QB, and a short MB by a short QB, which 
suggests local homeostatic responses. In mice, bout duration 
is dependent on the previous bout type (NREM, REM, and 
wake), albeit in a more complicated manner, suggesting that 
sleep states are interdependent in diverse species.10 It remains 
unclear what mechanisms regulate transitions between various 
sleep states, but useful models have been generated in mam-
mals based on quantitative analysis of behavior and circuit.11-13 
Iwanir et al. also examined the impact of increased cAMP lev-
els on C. elegans L4m bout interdependence. Increased adeny-
lyl cyclase function (acy-1(gf)) increased locomotion activity at 
all stages tested5,14 and decreased L4m quiescence, but the loss 
of local homeostatic compensation in acy-1 (gf) animals sug-
gests cAMP may be required for coupling between states. This 
extends previous work showing that increased adenylyl cyclase 
activity decreases C. elegans arousal threshold and showing 
that arousal threshold is highest at the start of lethargus.1,9 Col-
lectively these results suggest a mechanistic or molecular link 
between arousal and QB duration that will need to be examined 
in future studies.

Iwanir and colleagues5 also present convincing evidence that 
C. elegans adopt a specific posture with reduced body curva-
ture during quiescence bouts, reminiscent of postural changes 
observed during sleep in other animals, and in C. elegans rest-
ing after exertion.4 While posture changes were most profound 
during quiescence bouts, L4m animals had decreased curvature 
compared to L4i animals suggesting that the lethargus is a dis-
tinct state from a behavioral perspective. Interestingly, GAB-
Aergic signaling at the C. elegans neuromuscular junction is 
likely decreased during lethargus as well, based on sensitiv-
ity to acetyl cholinesterase inhibitors.15 Together, these results 
suggest that lethargus is a distinct state in the C. elegans life 
cycle.1,15 It is likely that the changes characteristic of lethargus 
described in this report and elsewhere are necessary for C. el-
egans quiescence.

Previous studies have also suggested, explicitly or implic-
itly, that there are distinct stages of C. elegans lethargus.8,9 
Response to sensory stimuli is lowest in early lethargus (high 
arousal thresholds), but animals become easier to rouse as leth-
argus progresses.9 Also, C. elegans feed sporadically during 
early lethargus, but this activity ceases as lethargus progresses.8 
Additionally, spontaneous activity in C. elegans ALM mecha-
nosensory neurons is low in early lethargus and increases dur-
ing late stage lethargus.16 The results of Iwanir et al.5 reveal 
another facet of quiescence architecture during lethargus. Av-
erage QB duration was longer in the early stage of lethargus, 
but decreased in the middle and late stages of lethargus. By 
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contrast, MBs were of short duration in the middle of lethar-
gus, but of long duration in the beginning and end of lethargus. 
This suggests that while a relationship exists between QBs and 
MBs in early lethargus, this relationship is not simple and the 
relationship changes as lethargus progresses. Are there distinct 
behavioral stages in C. elegans lethargus? Further studies ad-
dressing this question will likely be forthcoming.

The high-resolution temporal analysis of C. elegans quies-
cence and lethargus microarchitecture presented by Iwanir and 
colleagues reveals unexpected complexity and relationships. 
Based on their results and previous studies, it seems likely that 
C. elegans lethargus entry and exit is regulated by mechanisms 
that are distinct from the mechanisms that regulate transition 
from QBs and MBs, and that QBs and MBs may be differen-
tially regulated. Also, it seems likely that C. elegans lethargus 
has distinct stages that are evocative of the behavioral stages of 
sleep observed in vertebrates. Defining the critical mechanisms, 
circuits, and molecules that regulate C. elegans quiescence is 
likely to shed light on common mechanisms that regulate sleep/
sleep-like behavior across species.

CITATION
Singh K; Huang H; Hart AC. Do C. elegans sleep? A closer 
look. SLEEP 2013;36(3):307-308.

ACKNOWLEDGMENTS
Drs. Singh and Huang contributed equally to this review

DISCLOSURE STATEMENT
The authors have indicated no financial conflicts of interest.

REFERENCES
1. Raizen DM, Zimmerman JE, Maycock MH, et al. Lethargus is a Cae-

norhabditis elegans sleep-like state. Nature 2008;451:569-72.
2. Avery L. The genetics of feeding in Caenorhabditis elegans. Genetics 

1993;133:897-917.

3. You YJ, Kim J, Raizen DM, Avery L. Insulin, cGMP, and TGF-beta sig-
nals regulate food intake and quiescence in C. elegans: a model for satiety. 
Cell Metab 2008;7:249-57.

4. Ghosh R, Emmons SW. Episodic swimming behavior in the nematode C. 
elegans. J Exp Biol 2008;211:3703-11.

5. Iwanir S, Tramm N, Nagy S, Wright C, Ish D, Biron D. The microar-
chitecture of C. elegans behavior during lethargus: homeostatic bout dy-
namics, a typical body-posture and regulation by a central neuron. Sleep 
2013;36:385-95.

6. Jeon M, Gardner HF, Miller EA, Deshler J, Rougvie AE. Similarity of 
the C. elegans developmental timing protein LIN-42 to circadian rhythm 
proteins. Science 1999;286:1141-6.

7. Monsalve GC, Van Buskirk C, Frand AR. LIN-42/PERIOD controls 
cyclical and developmental progression of C. elegans molts. Curr Biol 
2011;21:2033-45.

8. Van Buskirk C, Sternberg PW. Epidermal growth factor signaling in-
duces behavioral quiescence in Caenorhabditis elegans. Nat Neurosci 
2007;10:1300-7.

9. Singh K, Chao MY, Somers GA, et al. C. elegans Notch signaling regu-
lates adult chemosensory response and larval molting quiescence. Curr 
Biol 2011;21:825-34.

10. McShane BB, Galante RJ, Jensen ST, Naidoo N, Pack AI, Wyner A. Char-
acterization of the bout durations of sleep and wakefulness. J Neurosci 
Methods 2010;193:321-33.

11. Lo CC, Chou T, Penzel T, et al. Common scale-invariant patterns of sleep-
wake transitions across mammalian species. Proc Natl Acad Sci U S A 
2004;101:17545-8.

12. Blumberg MS, Seelke AM, Lowen SB, Karlsson KA. Dynamics of 
sleep-wake cyclicity in developing rats. Proc Natl Acad Sci U S A 
2005;102:14860-4.

13. Saper CB, Scammell TE, Lu J. Hypothalamic regulation of sleep and cir-
cadian rhythms. Nature 2005;437:1257-63.

14. Schade MA, Reynolds NK, Dollins CM, Miller KG. Mutations that res-
cue the paralysis of Caenorhabditis elegans ric-8 (synembryn) mutants 
activate the G alpha(s) pathway and define a third major branch of the 
synaptic signaling network. Genetics 2005;169:631-49.

15. Dabbish NS, Raizen DM. GABAergic synaptic plasticity during a 
developmentally regulated sleep-like state in C. elegans. J Neurosci 
2011;31:15932-43.

16. Schwarz J, Lewandrowski I, Bringmann H. Reduced activity of a sen-
sory neuron during a sleep-like state in Caenorhabditis elegans. Curr Biol 
2011;21:R983-4.


