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Internal biological mechanisms, called circadian clocks, control the timing of a host of biological functions Nobel Prize in Physiology or Medicine, 2017
in organisms from fruit flies to humans. Studies of the molecular basis for this circadian rhythmicity began
in the early 1980s in Young's lab at Rockefeller, and in the labs of Jeffrey C. Hall and Michael Rosbash HONORARY SOCIETIES
at Brandeis University. Over the past 30 years, these investigators learned that the circadian clocks of National Academy of Sciences

Drosophila melanogaster are formed through the actions of a small group of genes including per (period),
tim (timeless), dbt (double-time, casein kinase 1), clk (clock), cyc (cycle), sgg (shaggy), Pdp1 (PAR domain
protein 1), vri (vrille), cry (cryptochrome) and ck2 (casein kinase 2). Mutations in any of these “clock” genes— SELECTED PUBLICATIONS

six of which were first characterized in the Young lab—can lengthen or shorten the period of behavioral, Li, W. H. et al. Chronic social isolation signals starvation and
physiological, and molecular circadian rhythms, or abolish the rhythms altogether. reduces sleep in Drosophila. Nature 597, 233-244 (2021).

American Philosophical Society

. . . . . . Patke A, et al. Molecular mechanisms and physiological importance
The expression of several clock genes oscillates in wild-type flies. Two of the proteins encoded by these
P g P P Y of circadian rhythms. Nature Reviews Molecular Cell Biology 21,

genes, TIM and PER, regulate their own expression through a feedback loop. TIM binds to and stabilizes 67-84 (2020)
PER, and allows both proteins to move to the nucleus, where their presence switches off their further Top, D. et al. CK1/Doubletime activity delays transcription activation
synthesis. After several hours, PER and TIM decay, reinitiating the 24-hour cycle of synthesis and inhibition. in the circadian clock. Elife 7, €32679 (2018).

Patke, A. et al. Mutation of the human circadian clock gene CRY7in

The circadian clock adjusts to environmental light through CRY, which in flies is a novel photoreceptor that = X
familial delayed sleep phase disorder. Cell 169, 203215 (2017).

binds to TIM in the presence of light and promotes TIM'’s rapid degradation, pausing the clock until TIM
can re-accumulate in the dark. Young’s lab has discovered that the enzyme casein kinase 1 (DBT) further Kidd, P.8. et al. Temperature compensation and temperature
) 9 Y sensation in the circadian clock. Proc. Natl. Acad. Sci. U.S.A. 112,
regulates the pace of this 24-hour molecular clock by limiting the longevity of the PER protein during E6284-F6292 (2015).
each circadian cycle, and especially by removing PER when TIM is absent. Most of the genes composing
the Drosophila clock, and the cycling intracellular mechanism they direct, are well conserved throughout the
animal kingdom. Young's lab recently identified a human CRY variant associated with a form of delayed
sleep phase disorder (DSPD) that may affect approximately one in 75 individuals of non-Finnish European
ancestry. The most commonly diagnosed type of circadian rhythm sleep disorder, DSPD is characterized by
a persistent and intractable delay of sleep onset and offset times relative to the societal norm.

In another area of their research, lab members are using Drosophila to study the effects of social isolation on
behavior and gene expression in the brain. Chronic social isolation causes a fly to lose sleep and over-eat,
much like loneliness-associated behaviors in humans. These behaviors are driven by activities in a small group
of neurons in the central brain of the fly. Inactivation of these neurons suppresses the aberrant behavior
associated with isolation. Conversely, artificial activation of the same neurons causes misperception of acute
social isolation as chronic social isolation, resulting in sleep loss and increased feeding.
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