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Figure 6. microfluidic-induced sleep is regulated by satiety and multiple sensory circuits. (A)
Detected sleep bouts for WT animals in several experimental conditions. Raster plots show
detected sleep bouts during a 2 hr imaging period. “Baseline” indicates the standard experimental
conditions: 500 um chamber width, no food in the buffer, and a 22 °C temperature. “Starved”
indicates animals that were starved prior to the assay. “+Food” indicates conditions in which E.
coli OP50 was added into the buffer during recordings. “+Heat” indicates imaging conditions
where the temperature was raised to 25 °C. “+Compression” indicates that animals are partially
immobilized in 50 um-wide chambers. See micrographs under (D) for chamber geometries. In all
cases, the sleep phenotype varies dramatically from the baseline. Only the 55 animals that
displayed the most sleep are plotted for clarity. (B) Total WT sleep under varying satiety
conditions. As satiety increases from “Starved” to “+Food,” animals exhibit less microfluidic-
induced sleep (from left to right on the plot the number of animals n = 55, 68, 67). (C) Total
microfluidic-induced sleep under varying temperature conditions. Increasing temperature
increases total microfluidic-induced sleep for WT animals. Thermosensory-defective mutants
show the same microfluidic-induced sleep phenotype as WT at 18 °C, but significantly less sleep
as 22 °C and 25 °C, indicating that thermosensory input can act to drive or suppress microfluidic-
induced sleep (from left to right on the plot the number of animals n = 37, 68, 71, 41, 67, 60) (D)
Total sleep under different confinement conditions. Micrographs show chamber geometries. When
WT animals are confined in smaller chambers, they only show an increase in total microfluidic-
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Supplementary Figure 6. DAF-16::GFP imaging shows that microfluidic-induced sleep partially
correlates with C. elegans stress. (A) Fluorescent micrographs (with background subtracted) of
DAF16::GFP animals confined to 500 um-wide chambers during the +Heat condition.
Microfluidic chambers are outlined. Left image (t = 0 min) shows diffuse DAF-16::GFP. Over the
course of 2 hr, DAF-16 localizes to the nucleus (right image). (B) Puncta formation with respect
to time for Baseline, +Food, +Heat, +Cool, and +Compression conditions (see Methods, Figure
6). (C) Cumulative number of puncta during imaging. Individual data points represent individual
animals. (Baseline n = 48, +Food n = 46, +Heat n = 38, +Cool n = 39, +Compression n = 71; **p
<0.01, ***p < 0.001, ns = not significant, Kruskal-Wallis with a post-hoc Dunn-Sidak test).
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Supplementary Figure 7. Waste buildup, chamber volume, and stress from loading do not
strongly influence microfluidic-induced sleep. (A) Image of animals confined in microfluidic
chambers designed for constantly flowing buffer to stabilize O2 concentrations and remove the
buildup of CO2 and other byproducts. Blue paths indicate the direction of flow for a single
chamber. Flow rate was ~1 mL/hr. (B) Raster plots of detected sleep with and without flow using
the geometry in (A). (C) We surprisingly observed more sleep with the buffer flow, indicating
microfluidic-induced sleep is likely not driven by changing gas concentration levels biological
byproducts (n = 24 for each condition). (D) Chamber designs for maintaining a constant animal
compression while changing fluidic volume. Fluid is false-colored in pale blue. (E) Raster plots of
detected sleep for each chamber type. (F) Animals in chambers of different volume do not show
different amounts of sleep (n = 32 for each condition). (G) Schematic of chamber cross section
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that have same width and length, but different chamber heights. (H) Raster plots of detected sleep.
() Sleep in the 90um tall chambers is essentially abolished, demonstrating that the animal loading
process and microfluidic environment alone do not drive sleep (n = 22). Sleep dramatically
increases in the 55 um tall chambers (n = 50), again demonstrating that the mechanical
environment regulates sleep strongly. (ns = not significant, **p < 0.01, unpaired two-sided t-test).
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Supplementary Figure 8. Whole-brain imaging in paralyzed animals. Representative volumetric
imaging data from four paralyzed animals during whole-brain imaging. The majority of the data
resembles previous imaging work during wakefulness 233 wherein many neurons show correlated
calcium dynamics. Putative sleep states (top two panels) are labeled but cannot be confirmed
without behavioral readouts. These data demonstrate that microfluidic-induced sleep can be used
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as a model behavior for understanding how brain-wide neural circuits drive spontaneous brain
state transitions.
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Supplementary Movie 1. microfluidic-induced sleep in a large microfluidic chamber. (Top)
Animal activity calculated by subtracting consecutive frames (see Methods). (Bottom) Video (with
background subtracted) of the animal swimming in large microfluidic chamber. The animal is
initially in the active state, then spontaneously transitions in and out of quiescence.

Supplementary Movie 2. microfluidic-induced sleep in a small microfluidic chamber. (Top)
Animal activity trace calculated by subtracting consecutive frames (see Methods). (Bottom) Video
(with background subtracted) of the animal partially immobilized in a small microfluidic chamber.
The animal is initially in the active state, then spontaneously transitions in and out of quiescence.

Supplementary Movie 3. microfluidic-induced sleep is reversible with strong blue light
illumination. (Top) Animal activity trace. Blue bar indicates a 5 s light stimulation. (Bottom) Video
(with background subtracted) of an animal partially immobilized in a small microfluidic chamber.
The animal is initially quiescent but wakes upon illumination.

Supplementary Movie 4. microfluidic-induced sleep is reversible with strong mechanical
stimulation. Two animals receive strong mechanical stimulation via a microfluidic push-down
valve. The first animal is in the wake state, but behaviorally responds to stimulation. The second
animal is in the sleep state and wakes upon stimulation.

Supplementary Movie 5. Animals show a decreased response to weak mechanical stimuli during
microfluidic-induced sleep. Two animals receive weak mechanical stimulation via a microfluidic
push-down valve. The first animal is in the wake state, but still behaviorally responds to
stimulation. The second animal is in the sleep state. Due to an increased arousal threshold, the
animal does not respond.

Supplementary Movie 6. Two representative examples of a brain and behavioral state transitions
during microfluidic-induced sleep. Video shows single-plane, whole-brain epifluorescence of
GCaMP6s imaging during a microfluidic-induced sleep transition. Top trace is animal behavioral
activity. Middle trace shows the average ganglia fluorescence. Bottom trace shows the
fluorescence of ten individual neurons.

50


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

References:

1. Van Atteveldt, N., Murray, M. M., Thut, G. & Schroeder, C. E. Multisensory integration:

Flexible use of general operations. Neuron (2014). doi:10.1016/j.neuron.2014.02.044

2. Fetsch, C. R., Deangelis, G. C. & Angelaki, D. E. Bridging the gap between theories of
sensory cue integration and the physiology of multisensory neurons. Nature Reviews

Neuroscience (2013). doi:10.1038/nrn3503

3. Clark, D. A., Freifeld, L. & Clandinin, T. R. Mapping and Cracking Sensorimotor Circuits

in Genetic Model Organisms. Neuron (2013). doi:10.1016/j.neuron.2013.05.006

4. Crochet, S., Lee, S. H. & Petersen, C. C. H. Neural Circuits for Goal-Directed
Sensorimotor Transformations. Trends in Neurosciences (2018).

doi:10.1016/j.tins.2018.08.011
5. Tye, K. M. Neural Circuit Motifs in Valence Processing. Neuron 100, 436-452 (2018).

6. Anderson, D. J. Circuit modules linking internal states and social behaviour in flies and

mice. Nature Reviews Neuroscience (2016). doi:10.1038/nrn.2016.125

7. Marder, E. Neuromodulation of Neuronal Circuits: Back to the Future. Neuron (2012).

doi:10.1016/j.neuron.2012.09.010

8. Bargmann, C. I. & Marder, E. From the connectome to brain function. Nature Methods

(2013). doi:10.1038/nmeth.2451

9. McGinley, M. J. et al. Waking State: Rapid Variations Modulate Neural and Behavioral

Responses. Neuron (2015). doi:10.1016/j.neuron.2015.09.012

10.  McGinley, M. J., David, S. V. & McCormick, D. A. Cortical Membrane Potential

51


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Signature of Optimal States for Sensory Signal Detection. Neuron (2015).

doi:10.1016/j.neuron.2015.05.038

11. Cohn, R., Morantte, |. & Ruta, V. Coordinated and Compartmentalized Neuromodulation

Shapes Sensory Processing in Drosophila. Cell (2015). doi:10.1016/j.cell.2015.11.019

12. Bennett, C., Arroyo, S. & Hestrin, S. Subthreshold mechanisms underlying state-
dependent modulation of visual responses. Neuron (2013).

doi:10.1016/j.neuron.2013.08.007

13.  Lim, R. S., Eyjolfsdottir, E., Shin, E., Perona, P. & Anderson, D. J. How food controls

aggression in Drosophila. PLoS One (2014). doi:10.1371/journal.pone.0105626

14. Talsma, D., Senkowski, D., Soto-Faraco, S. & Woldorff, M. G. The multifaceted interplay
between attention and multisensory integration. Trends in Cognitive Sciences (2010).

doi:10.1016/j.tics.2010.06.008

15.  Adolphs, R. & Anderson, D. Social and emotional neuroscience. Current Opinion in

Neurobiology (2013). doi:10.1016/j.conb.2013.04.011

16.  Ghosh, D. D., Nitabach, M. N., Zhang, Y. & Harris, G. Multisensory integration in C.

elegans. Current Opinion in Neurobiology (2017). doi:10.1016/j.conb.2017.01.005

17.  Calhoun, A. J. & Murthy, M. Quantifying behavior to solve sensorimotor transformations:
advances from worms and flies. Current Opinion in Neurobiology (2017).

doi:10.1016/j.conb.2017.08.006

18.  Huston, S. J. & Jayaraman, V. Studying sensorimotor integration in insects. Current

Opinion in Neurobiology (2011). doi:10.1016/j.conb.2011.05.030

52


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

19. Kaplan, H. S., Nichols, A. L. A. & Zimmer, M. Sensorimotor integration in
Caenorhabditis elegans: A reappraisal towards dynamic and distributed computations.

Philos. Trans. R. Soc. B Biol. Sci. (2018). doi:10.1098/rsth.2017.0371

20.  Griffith, L. C. Neuromodulatory control of sleep in Drosophila melanogaster: Integration
of competing and complementary behaviors. Current Opinion in Neurobiology (2013).

doi:10.1016/j.conb.2013.05.003

21. Watanabe, K. et al. A Circuit Node that Integrates Convergent Input from
Neuromodulatory and Social Behavior-Promoting Neurons to Control Aggression in

Drosophila. Neuron (2017). doi:10.1016/j.neuron.2017.08.017

22.  Saper, C. B., Fuller, P. M., Pedersen, N. P., Lu, J. & Scammell, T. E. Sleep State

Switching. Neuron 68, 1023-1042 (2010).

23. Brown, R. E., Basheer, R., McKenna, J. T., Strecker, R. E. & McCarley, R. W. Control of

Sleep and Wakefulness. Physiol. Rev. (2012). doi:10.1152/physrev.00032.2011

24.  Campbell, S. S. & Tobler, 1. Animal sleep: A review of sleep duration across phylogeny.

Neurosci. Biobehav. Rev. (1984). doi:10.1016/0149-7634(84)90054-X

25. Raizen, D. M. et al. Lethargus is a Caenorhabditis elegans sleep-like state. Nature 451,

569-72 (2008).

26. Cho, J. Y. & Sternberg, P. W. Multilevel modulation of a sensory motor circuit during C.

elegans sleep and arousal. Cell 156, 249-260 (2014).

27.  Hendricks, J. C. et al. Rest in Drosophila is a sleep-like state. Neuron (2000).

doi:10.1016/S0896-6273(00)80877-6

53


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

28. Nath, R. D. et al. The Jellyfish Cassiopea Exhibits a Sleep-like State. Curr. Biol. (2017).

doi:10.1016/j.cub.2017.08.014

29.  Steriade, M., McCormick, D. A. & Sejnowski, T. J. Thalamocortical oscillations in the

sleeping and aroused brain. Science (80-. ). (1993). doi:10.1126/science.8235588

30. Nitz, D. A, Van Swinderen, B., Tononi, G. & Greenspan, R. J. Electrophysiological
correlates of rest and activity in Drosophila melanogaster. Curr. Biol. (2002).

doi:10.1016/S0960-9822(02)01300-3

31. Bushey, D., Tononi, G. & Cirelli, C. Sleep- and wake-dependent changes in neuronal
activity and reactivity demonstrated in fly neurons using in vivo calcium imaging. Proc.

Natl. Acad. Sci. (2015). doi:10.1073/pnas.1419603112

32. Kato, S. et al. Global Brain Dynamics Embed the Motor Command Sequence of

Caenorhabditis elegans. Cell 163, 656-669 (2015).

33.  Nichols, A. L. A, Eichler, T., Latham, R. & Zimmer, M. A global brain state underlies C.

elegans sleep behavior. Science (80-. ). 356, eaam6851:1-9 (2017).

34.  Van Buskirk, C. & Sternberg, P. W. Epidermal growth factor signaling induces behavioral

quiescence in Caenorhabditis elegans. Nat. Neurosci. 10, 1300-1307 (2007).

35.  Van Buskirk, C. & Sternberg, P. W. Paired and LIM class homeodomain proteins
coordinate differentiation of the C. elegans ALA neuron. Development (2010).

doi:10.1242/dev.040881

36. Monsalve, G. C., Van Buskirk, C. & Frand, A. R. LIN-42/PERIOD controls cyclical and
developmental progression of C. elegans molts. Curr. Biol. (2011).

doi:10.1016/j.cub.2011.10.054
54


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

37.  Singh, K. et al. C. elegans notch signaling regulates adult chemosensory response and

larval molting quiescence. Curr. Biol. (2011). doi:10.1016/j.cub.2011.04.010

38.  Turek, M., Lewandrowski, I. & Bringmann, H. An AP2 transcription factor is required for
a sleep-active neuron to induce sleep-like quiescence in C. elegans. Curr. Biol. 23, 2215—

2223 (2013).

39.  Turek, M., Besseling, J., Spies, J. P., Konig, S. & Bringmann, H. Sleep-active neuron
specification and sleep induction require FLP-11 neuropeptides to systemically induce

sleep. Elife (2016). doi:10.7554/eL ife.12499

40.  Hill, A. J., Mansfield, R., Lopez, J. M. N. G., Raizen, D. M. & Buskirk, C. Van. Cellular
Stress Induces a Protective Sleep-like State in C. elegans. Curr. Biol. 1-7 (2014).

doi:10.1016/j.cub.2014.08.040

41.  Choi, S., Chatzigeorgiou, M., Taylor, K. P., Schafer, W. R. & Kaplan, J. M. Analysis of
NPR-1 reveals a circuit mechanism for behavioral quiescence in C.elegans. Neuron 78,

869-880 (2013).

42.  Nelson, M. D. et al. The neuropeptide NLP-22 regulates a sleep-like state in

Caenorhabditis elegans. Nat. Commun. (2013). doi:10.1038/ncomms3846

43.  Wu, Y., Masurat, F., Preis, J. & Bringmann, H. Sleep Counteracts Aging Phenotypes to
Survive Starvation-Induced Developmental Arrest in C. elegans. Curr. Biol. 28, 1-14

(2018).

44. Nath, R. D., Chow, E. S., Wang, H., Schwarz, E. M. & Sternberg, P. W. C. elegans Stress-
Induced Sleep Emerges from the Collective Action of Multiple Neuropeptides. Curr. Biol.
(2016). doi:10.1016/j.cub.2016.07.048

55


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

45.  Nelson, M. D. et al. FMRFamide-like FLP-13 Neuropeptides Promote Quiescence
following Heat Stress in Caenorhabditis elegans. Curr. Biol. (2014).

doi:10.1016/j.cub.2014.08.037

46.  Trojanowski, N. F. & Raizen, D. M. Call it Worm Sleep. Trends Neurosci. 39, 54-62

(2016).

47.  Zimmerman, J. E., Naidoo, N., Raizen, D. M. & Pack, A. I. Conservation of sleep:
insights from non-mammalian model systems. Trends in Neurosciences (2008).

doi:10.1016/j.tins.2008.05.001

48.  Kayser, M. S. & Biron, D. Sleep and development in genetically tractable model

organisms. Genetics (2016). doi:10.1534/genetics.116.189589

49. Ghosh, R. & Emmons, S. W. Episodic swimming behavior in the nematode C. elegans. J.

Exp. Biol. 211, 3703-3711 (2008).

50. Gonzales, D. L. et al. Scalable electrophysiology in intact small animals with nanoscale

suspended electrode arrays. Nat. Nanotechnol. 12, 694-691 (2017).

51. Ghosh, R. & Emmons, S. W. Calcineurin and Protein kinase G regulate C. Elegans
behavioral quiescence during locomotion in liquid. BMC Genet. (2010).

doi:10.1186/1471-2156-11-7

52.  McCloskey, R. J., Fouad, A. D., Churgin, M. A. & Fang-Yen, C. Food Responsiveness
Regulates Episodic Behavioral States in Caenorhabditis elegans. J. Neurophysiol.

jn.00555.2016 (2017). doi:10.1152/jn.00555.2016

53.  Churgin, M. A., McCloskey, R. J., Peters, E. & Fang-Yen, C. Antagonistic serotonergic

and octopaminergic neural circuits mediate food-dependent locomotory behavior in

56


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Caenorhabditis elegans. J. Neurosci. 39, 7811-7823 (2017).

54.  lannacone, M. J. et al. The RFamide receptor DMSR-1 regulates stress-induced sleep in

C. elegans. Elife (2017). doi:10.7554/eL ife.19837

55.  DeBardeleben, H. K., Lopes, L. E., Nessel, M. P. & Raizen, D. M. Stress-induced sleep
after exposure to ultraviolet light is promoted by p53 in caenorhabditis elegans. Genetics

(2017). doi:10.1534/genetics.117.300070

56.  Churgin, M. A. et al. Longitudinal imaging of caenorhabditis elegans in a microfabricated
device reveals variation in behavioral decline during aging. Elife (2017).

doi:10.7554/eLife.26652

57. lwanir, S. et al. The microarchitecture of C. elegans behavior during lethargus:
homeostatic bout dynamics, a typical body posture, and regulation by a central neuron.

Sleep (2013). doi:10.5665/sleep.2456

58. Driver, R. J., Lamb, A. L., Wyner, A. J. & Raizen, D. M. DAF-16/FOXO regulates
homeostasis of essential sleep-like behavior during larval transitions in C. elegans. Curr.

Biol. (2013). doi:10.1016/j.cub.2013.02.009

59. Tramm, N., Oppenheimer, N., Nagy, S., Efrati, E. & Biron, D. Why do sleeping
nematodes adopt a hockey-stick-like posture? PLoS One (2014).

doi:10.1371/journal.pone.0101162

60. Schwarz, J., Spies, J.-P. & Bringmann, H. Reduced muscle contraction and a relaxed

posture during sleep-like Lethargus. Worm 1, 12-4 (2012).

61. Schwarz, J., Lewandrowski, I. & Bringmann, H. Reduced activity of a sensory neuron

during a sleep-like state in Caenorhabditis elegans. Curr. Biol. 21, R983-R984 (2011).
57


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

62. Nagy, S. et al. Homeostasis in C. elegans sleep is characterized by two behaviorally and

genetically distinct mechanisms. Elife (2014). doi:10.7554/eLife.04380

63. McClanahan, P. D., Xu, J. H. & Fang-Yen, C. Comparing: Caenorhabditis elegans gentle
and harsh touch response behavior using a multiplexed hydraulic microfluidic device.

Integr. Biol. (United Kingdom) (2017). doi:10.1039/c7ib00120g

64. Trojanowski, N. F., Nelson, M. D., Flavell, S. W., Fang-Yen, C. & Raizen, D. M. Distinct
Mechanisms Underlie Quiescence during Two Caenorhabditis elegans Sleep-Like States.

J. Neurosci. 35, 14571-14584 (2015).

65. Skora, S., Mende, F. & Zimmer, M. Energy Scarcity Promotes a Brain-wide Sleep State

Modulated by Insulin Signaling in C. elegans. Cell Rep. 22, 953-966 (2018).

66.  Nguyen, J. P. et al. Whole-brain calcium imaging with cellular resolution in freely
behaving Caenorhabditis elegans. Proc. Natl. Acad. Sci. U. S. A. 33 (2015).

doi:10.1073/pnas.1507110112

67. Venkatachalam, V. et al. Pan-neuronal imaging in roaming Caenorhabditis elegans. Proc.

Natl. Acad. Sci. U. S. A. 201507109 (2015). doi:10.1073/pnas.1507109113

68.  Nguyen, J. P., Linder, A. N., Plummer, G. S., Shaevitz, J. W. & Leifer, A. M.
Automatically tracking neurons in a moving and deforming brain. PLoS Comput. Biol. 13,

£1005517 (2017).

69. Schrddel, T., Prevedel, R., Aumayr, K., Zimmer, M. & Vaziri, A. Brain-wide 3D imaging
of neuronal activity in Caenorhabditis elegans with sculpted light. Nat. Methods 10, 1013—
20 (2013).

70.  Prevedel, R. et al. Simultaneous whole-animal 3D imaging of neuronal activity using

58


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

light-field microscopy. Nat. Methods 11, 727-30 (2014).

71.  You, Y. jai, Kim, J., Raizen, D. M. & Avery, L. Insulin, cGMP, and TGF-f Signals
Regulate Food Intake and Quiescence in C. elegans: A Model for Satiety. Cell Metab.

(2008). doi:10.1016/j.cmet.2008.01.005

72.  Prahlad, V., Cornelius, T. & Morimoto, R. I. Regulation of the cellular heat shock
response in Caenorhabditis elegans by thermosensory neurons. Science (80-. ). (2008).

doi:10.1126/science.1156093

73. Clark, D. A., Biron, D., Sengupta, P. & Samuel, A. D. T. The AFD sensory neurons
encode multiple functions underlying thermotactic behavior in Caenorhabditis elegans. J.

Neurosci. 26, 74447451 (2006).

74.  Ramot, D., Maclnnis, B. L. & Goodman, M. B. Bidirectional temperature-sensing by a

single thermosensory neuron in C. elegans. Nat. Neurosci. 11, 908-915 (2008).

75. Han, B. et al. Dopamine signaling tunes spatial pattern selectivity in C. elegans. Elife 6,

1-14 (2017).

76. Li, W, Kang, L., Piggott, B. J., Feng, Z. & Xu, X. Z. S. The neural circuits and sensory
channels mediating harsh touch sensation in Caenorhabditis elegans. Nat. Commun.

(2011). doi:10.1038/ncomms1308

77. Hsu, A.-L., Murphy, C. T. & Kenyon, C. Regulation of aging and age-related disease by

DAF-16 and heat-shock factor. Science 300, 1142-1145 (2003).

78. Ogg, S. et al. The Fork head transcription factor DAF-16 transduces insulin-like metabolic

and longevity signals in C. elegans. Nature 389, 994-999 (1997).

59


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

79. Henderson, S. T. & Johnson, T. E. daf-16 integrates developmental and environmental
inputs to mediate aging in the nematode Caenorhabditis elegans. Curr. Biol. (2001).

doi:10.1016/S0960-9822(01)00594-2

80. Kopito, R. B. & Levine, E. Durable spatiotemporal surveillance of Caenorhabditis elegans

response to environmental cues. Lab Chip (2014). doi:10.1039/c3Ic51061a

81. Bouchard, M. B. et al. Swept confocally-aligned planar excitation (SCAPE) microscopy
for high speed volumetric imaging of behaving organisms. Nat. Photonics 9, 113-119

(2015).

82.  Yanik, M. F., Rohde, C. B. & Pardo-Martin, C. Technologies for micromanipulating,
imaging, and phenotyping small invertebrates and vertebrates. Annu. Rev. Biomed. Eng.

13, 185-217 (2011).

83. Gupta, B. & Rezali, P. Microfluidic Approaches for Manipulating, Imaging, and Screening

C. elegans. Micromachines 7, 123 (2016).
84. San-Miguel, A. & Lu, H. in Wormbook 1-19 (2013). doi:10.1895/wormbook.1.162.1

85. Nagy, S., Raizen, D. M. & Biron, D. Measurements of behavioral quiescence in

Caenorhabditis elegans. Methods 68, 500-507 (2014).

86.  Spies, J. & Bringmann, H. Automated detection and manipulation of sleep in C. Elegans
reveals depolarization of a sleep-active neuron during mechanical stimulation-induced

sleep deprivation. Sci. Rep. (2018). doi:10.1038/s41598-018-28095-5

87. Huang, H., Singh, K. & Hart, A. Measuring Caenorhabditis elegans Sleep during the
Transition to Adulthood Using a Microfluidics-based System. BIO-PROTOCOL (2017).

doi:10.21769/BioProtoc.2174
60


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/547075; this version posted August 2, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

88.  Bringmann, H. Agarose hydrogel microcompartments for imaging sleep- and wake-like
behavior and nervous system development in Caenorhabditis elegans larvae. J. Neurosci.

Methods (2011). doi:10.1016/j.jneumeth.2011.07.013

89. Van Voorhies, W. A. & Ward, S. Genetic and environmental conditions that increase
longevity in Caenorhabditis elegans decrease metabolic rate. Proc. Natl. Acad. Sci.

(1999). doi:10.1073/pnas.96.20.11399

90. Sanders, J. et al. The Caenorhabditis elegans interneuron ALA is ( also ) a high-threshold

mechanosensor. Biomed. Cent. (2013).

91. Wen, Q. et al. Proprioceptive coupling within motor neurons drives C. elegans forward

locomotion. Neuron 76, 750-61 (2012).

61


https://doi.org/10.1101/547075
http://creativecommons.org/licenses/by-nc-nd/4.0/

