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Circadian Rhythms Effects on Brain Metabolism in Mutant 
Flies

Olivia Kozub and Pamela Snodgrass-Belt, Ph.D. Providence College, Providence, RI 02918

Seahorse Bioflux Data:

In 2017 Jeffrey Hall, Michael Roshbash, and Michael Young won the 
Noble Prize for discovering the molecular mechanisms that control 
circadian rhythms. Using flies with mutations in these clock genes, we 
will study how perturbations in the molecular clock alter the circadian 
metabolic function in the fly brain. Wild-type flies, and four mutant fly 
colonies live on a 12/12 light-dark cycle. We will remove brains at lights 
on (zeitgeber time 0), 3 hours after lights on (ZT 3), 6 hours after lights 
on (ZT 6), 9 hours after lights on (ZT 9), Lights off (ZT 12), 3 hours after 
lights off (ZT 15), 6 hours after lights off (ZT 18), 9 hours after lights off 
(ZT 21). Zeitgeber time (ZT) is a standardized 24-hour notation of the 
phase in an entrained circadian cycle. ZT 0 indicates the beginning of 
day, or the light phase. ZT 12 is the beginning of night, or the dark 
phase.

Introduction:
Drosophila have circadian clocks which regulate 
behavioral and physiological systems within the body. 
This “biological clock” is synchronized to their 
environment via temperature or light cycles. Small 
fluctuations in day length or temperature trigger a reset 
of circadian clocks daily. Having this ability to predict 
the environment and prepare for it, rather than reacting 
in an energy expensive way, is so critical to survival 
that this ability has been conserved from single-cell 
organisms to humans. Circadian rhythms can be 
measured at the gene, protein, cellular, and tissue level, 
all the way to oscillations in behavior. Measuring the 
metabolic activity of normal fly brains at different times 
of day will chart the rhythm of metabolic activity in a 
circadian manner. By comparing the rhythms of animals 
with mutated circadian clock genes, we seek to 
understand how the molecular clock governs brain 
metabolic activity.

Significance:
The results of these experiments will begin to 
characterize how basal metabolism is altered over the 
day and how alterations to the molecular clock change 
their regular pattern. As we share a similar 24-hour 
cycle of rest and activity to drosophila, this data can 
help us understand more about how basal metabolism is 
altered throughout the day in humans. We hope this 
data can provide insight into human metabolism, stress, 
and its adverse effects when circadian clocks are shifted 
irregularly. This research could also provide us with 
more insight on Alzheimer's disease patients who 
experience sundowning, a syndrome characterized by 
irritability and restlessness as daylight fades, which is 
linked to circadian rhythms.

Seahorse Bioflux
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Genetically Mutated Flies

Methods:

The Seahorse Bioflux analyzer provides a novel method of measuring 
whole-brain metabolism from dissected brains using the Agilent 
XFe96 metabolic analyzer (Neville et al. 2018). This analyzer allows 
us to record the oxygen consumption (OCR) and the extracellular 
acidification (ECAR) rate of living drosophila brain cells every 1 
minute for seven cycles. This method requires a microtissue restraint 
(seen in the image to the right). These measurements of cellular 
respiration will allow us to plot the metabolic activity of the fly brain 
over a complete circadian cycle (24 hours). Using the Seahorse data, 
we will directly compare brain cellular respiration over a 24-hour 
cycle in wild-type flies with those from flies with genetic alterations 
in their clock genes. This will allow for a fuller understanding of the 
role of circadian rhythms in brain cellular respiration.
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