
 

Circadian genes go to sleep every day at the
periphery of the nucleus
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Dr. Anita Göndör and her colleagues at Karolinska Institutet show that circadian
genes 'take a nap' everyday at the periphery of the nucleus. Credit: Fredrik
Persson

Mobility between different physical environments in the cell nucleus
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regulates the daily oscillations in the activity of genes that are controlled
by the internal biological clock, according to a study that is published in
the journal Molecular Cell. Eventually, these findings may lead to novel
therapeutic strategies for the treatment of diseases linked with disrupted
circadian rhythm.

So called clock-controlled - or circadian - genes are part of the internal 
biological clock, allowing humans and other light-sensitive organisms to
adjust their daily activity to the cycle of daylight and darkness. In the
current study, investigators at Sweden's Karolinska Institutet found that
daily changes in the spatial localisation of clock-controlled genes in the 
cell nucleus regulates fluctuations in their activity with a 24-hour period
length.

"We have uncovered a novel principle of circadian transcriptional
regulation that involves a so-far unexpected dynamics in the sub-nuclear
positioning of circadian genes", says principal investigator Anita Göndör
at the Department of Microbiology, Tumor and Cell Biology at
Karolinska Institutet.

The genetic material is packaged in a structure called chromatin in the
cell nucleus. It has been established that the 3-dimensional distribution
of chromatin in the nucleus follows a pattern. Open chromatin
containing active genes tends to occupy the central parts, whereas
chromatin containing genes that are not active tends to localise to the
peripheral parts of the nucleus - an environment rich in factors that
promote gene silencing.

Researchers investigated physical meetings between regions that are
located far apart from each other on the linear chromatin fibre or reside
on different chromosomes. By studying such encounters in the
3-dimensional space of the nucleus, they discovered a network of
contacts between clock-controlled genes and domains of gene-poor,
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repressed chromatin in the periphery of the nucleus. They identified two
proteins that bring the genes to bed and help them go to sleep at the
periphery of the cell nucleus every day: poly(ADP-ribose) polymerase 1
(PARP1), a well-known regulator of DNA repair and gene expression,
and the transcription factor CTCF. The researchers thus found that
PARP1 and CTCF promote the diurnal recruitment of circadian genes to
the nuclear periphery to attenuate their expression. They were then
released from the periphery in a silent, 'sleeping' state to start a new
cycle.

The internal biological clock regulates, among other things, body
temperature, metabolism and the levels of several hormones. Disruption
of circadian rhythm has been linked to predisposition to multifactorial
diseases, such as diabetes mellitus, metabolic syndrome, psychiatric
disorders and cancer. The new knowledge may lead up to new strategies
for treatment of diseases that are affected by deregulated circadian
rhythm.

  More information: 'PARP1- and CTCF-Mediated Interactions
between Active and Repressed Chromatin at the Lamina Promote
Oscillating Transcription', Honglei Zhao, Emmanouil G. Sifakis,
Noriyuki Sumida, Lluís Millán-Ariño, Barbara A. Scholz, J. Peter
Svensson, Xingqi Chen, Anna L. Ronnegren, Carolina Diettrich Mallet
de Lima, Farzaneh Shahin Varnoosfaderani, Chengxi Shi, Olga Loseva,
Samer Yammine, Maria Israelsson, Li-Sophie Rathje, Balázs Németi,
Erik Fredlund, Thomas Helleday, Márta P. Imreh, and Anita Göndör. 
Molecular Cell, publishing in the 17 September, 2015 paper issue, online
27 August 2015.
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