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Abstract

Research

Conclusions

Metabolic processes are crucial for an organism's survival, being closely tied to development
and energy production. Their effectiveness i1s dependent on factors like sleep, diet, and
physical health. While it 1s acknowledged that within this biological relationship model, sleep
and metabolic processes share a strong relationship, there is a lack of analytical research into
the relationships between the various specific factors themselves that contribute to the
strength of this relationship. This project seeks to focus on two of them, sleep and diet, to
gain an understanding of how they are connected, and ultimately to draw inferences on how
malnutrition affects an organism’s ability to cope with sleep deprivation. Their relationship
will be analyzed through a series of experiments performed on Drosophila to understand how
they influence each other and the metabolic processes that drive them. The subjects will be
fed specialized diets that represent three common types of diets of human beings: high fat,
high sugar, and high protein, in order to observe how they affect the sleeping habits of the
Drosophila. Observations will be done through sleep experiments that will analyze their
sleeping habits, rebound rates, and behavior. Poor dietary habits can have adverse effects on
the quality of life of an organism, impacting its energy, life span, holistic health, and sleeping
habits (Everson, 1993; Yamazaki, 2012). In analyzing the relationship between the wvital
survival habits of sleep and diet, we can better understand the human condition and work
towards ways of improving public health from an individual level.

Methodology

Sleep Duration

Figure 1. The Drosophila Activity Monitoring (DAM)
system. Sleep was measured starting at ZT0 and averaged
over 3 days (Pfeiffenberger et al., 2010).

CO, Analyzer

ﬁ DAM Multiplexer
ZCI‘O-GI'ade o > .r\\ /—/'\; !:'! ={0 I I::J (e. 3 Stop-Flow System
Air \/) T N\ |1l { =| [ - —
| 'V Pump ! I { = & - q c==a0
= :\l;l/ — S~/ V7 O = - d ==
== Humidifier T =l s d o= 0
— Mass Flow :{(8 == {g i q c=ao

Scrubbing Control = -

Column Valve —

IR Beams

. Air Flow | ; ;
| Foodi
Behavioral Chamber =\Le—> Pyt _H‘)ﬂ

Figure 2. Metabolic rate was measured in the Sleep and Metabolic Monitoring (SAMM)
system. Metabolic measurements were taken using a stop-flow respirometry system that
measured CO, produced over time (Brown et al., 2022). Sleep was measured simultaneously
using the DAM system.

Diets

Standard Diet High Fat
Cornmeal/yeast/agar recipe used in many Drosophila labs Standard diet + Coconut oil
‘ High Sugar

Standard recipe + Sucrose

@ High Protein

Standard recipe + Peptone
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Figure 3. Sleep across the lifespan in wildtype flies. Female flies were fed a standard food

diet. (A) Survival curve. (B) Measurements of sleep duration across the lifespan. (C) Sleep
profile of young (10 day) and old (40 day) flies.
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Figure 4. Metabolic rate as a function of time spent asleep. Female flies were fed a standard
food diet and metabolic rate was measured 1n sleeping flies during the (A) day and (B) night.

In both cases, the change 1n metabolic rate during sleep 1s significantly greater in young (10
day) flies, compared to old (40 day) flies.

Question
Does diet influence sleep depth across the lifespan?

Preliminary Processes
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Day 1: The flies were loaded
into 3 chambers and allowed
to cycle through regular
sleep.

Sleep Deprivation Shaker

Day 2: The chambers were
loaded into the shaker. The
flies sleep deprived by being
shaken in 1 minute intervals.

|

Metabolic Rate
During Sleep

10d 40d

Day 3: The flies were left to enter their
normal sleep cycle The data was
collected through a computer monitor
that tracked their activity through a
Sensor.
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Preliminary Thoughts

* The experiments presented here are still underway.

* Control sleep experiments on standard diets have been conducted, and they will serve as
a good basis to compare any possible changes seen 1n the specialized diet fly groups.

* We predict dietary manipulation will change sleep duration and metabolic rate, and the
magnitude of the effect may differ depending on age.

Future Directions

* Now that the sleep experiment controls were conducted, the progeny of the original fly
lines will be transferred to a specialized diet, and then placed into sleep deprivation
experiments of their own so the data from the specialized diets can be compared to the
standard diet control.

* Afterwards, we plan to conduct experiments on metabolic rates and food consumption to
further explore the relationship between sleep and diet, especially in regards to exploring
how dietary habits can help or hinder sleeping habits.

* This approach will be applied to models of neurodegenerative disease, including
Alzheimmer’s Disease, to examine how diet may affect sleep and metabolism 1n these
models.

References

Alharbi, Amal, and Noorah Saleh Al-Sowayan. “The Effect of Ketogenic-Diet on Health.” SCIRP, Scientific Research Publishing,
3 Apr. 2020, www.scirp.org/journal/paperinformation?paperid=99691.

Davies, Sarah K., et al. “Effect of sleep deprivation on the human metabolome.” Proceedings of the National Academy of Sciences,
vol. 111, no. 29, 2014, pp. 10761-10766, https://do1.org/10.1073/pnas.1402663111.

Everson, C. A., and T. A. Wehr. “Nutritional and metabolic adaptations to prolonged sleep deprivation in the rat.” American Journal
of Physiology-Regulatory, Integrative and Comparative Physiology, vol. 264, no. 2, 1993,
https://doi.org/10.1152/ajpregu.1993.264.2.r376.

Janna N. Schultzhaus, et al. “Diet Alters Drosophila Melanogaster Mate Preference and Attractiveness.” Animal Behaviour,
Academic Press, 13 Dec. 2016, www.sciencedirect.com/science/article/p11/S0003347216303074#appsecl.

Keebaugh, Erin S, et al. “Nutrition influences caffeine-mediated sleep loss in drosophila.” Sleep, vol. 40, no. 11, 2017,
https://doi.org/10.1093/sleep/zsx 146.

MacFadyen, U. M., et al. “Starvation and human slow-wave sleep.” Journal of Applied Physiology, vol. 35, no. 3, 1973, pp.
391-394, https://doi.org/10.1152/jappl.1973.35.3.391.

Palanker Musselman, Laura, et al. “A High-Sugar Diet Produces Obesity and Insulin Resistance in Wild-Type Drosophila.” The
Company of Biologists, The Company of Biologists, 1 Nov. 2011,
journals.biologists.com/dmm/article/4/6/842/315°7/A-high-sugar-diet-produces-obesity-and-insulin.

Pesta, Dominik H, and Varman T Samuel. “A High-Protein Diet for Reducing Body Fat: Mechanisms and Possible Caveats -

Nutrition & Metabolism.” BioMed Central, BioMed Central, 19 Nov. 2014,
nutritionandmetabolism.biomedcentral.com/articles/10.1186/1743-7075-11-53.

Vigne, Paul, and Christian Frelin. “A Low Protein Diet Increases the Hypoxic Tolerance in Drosophila.” PLOS ONE, Public
Library of Science, journals.plos.org/plosone/article?1d=10.1371%2Fjournal.pone.0000056#s3. Accessed 3 Mar. 2024.

Yamazaki, Masako, et al. “High Calorie Diet Augments age-associats sleep impairment in drosophila.” Biochemical and
Biophysical Research Communications, vol. 417, no. 2, 2012, pp. 812—-816, https://do1.org/10.1016/;.bbrc.2011.12.041.

Acknowledgements

We thank members of the Brown lab for technical
assistance and helpful discussions. This work was
supported by the UROP materials grant and the
National Institutes of Health (ROOAGO071833). " Yy

[ [ d L BN J

00 [ J
[ 1] [ ] 00 [
[ BN J [ J [ 1] [ 1]

[ d (1] [ L BN ]

—— [ J o0 000 o0 00 [
- [ d [ d 00 [ J o0 © [ 1]
» ® 0000 900000 o 20000 6 ¢ [ ] [ d

[ ® o0 & o0

[ 200 & 000 [ ] [ ] ® ®
[ ] [ *® © [ [ ] 00
FLORIDA STATE 9 ¢ 0800’ ®oed
UNIVERSITY : ® 08.. [ ] .000033. 2 .0
® 00 ¢ o L BN ] [ 3N [ d
*® © [ ® 000000 00 00000

program in
NEUROSCIENCE




