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Circadian rythms : most physiological
processes are oscillating

Circadian rhythm (lat., circa = about, dies = day)

biological events which repeat themselves in 

regular intervals

Circadian rhythm regulated processes (23.7h):

Cardiovascular system, body temperature, 

endocrine system, renal activity, digestion, visual 

activity,…



Cyanobacterial stochastic gene expression: biological 
systems that never reach steady state

Circadian rhythm at single cell level: 

average gene expression separated 

by 12 hours

Strong bioluminescence signal allows 

single-cell fluorescent reporter assay 

(periodic activity of S. elongatus at 

kaiBC promoter)

to probe expression variability form 

cell to cell

JR Chabot et al. Nature 450:1249 (2007)



Circadian transcription: mastering time 
by gene regulation



Mammalian circadian rythms : the 
pacemaker

Component of the molecular clock; the clock receives input signals that 

connect it to geophysical cues (eg. visual cues from the retina) the clock 

itself (or pacemaker) is located in the anterior hypothalamus SCN which

receives a direct retinal projection whose neurons produce neuropeptides with

circadian rhythmicity. Eye loss in mammals blocks photoentrainment



Mammalian circadian vision  : more 
than rods and cones

mice lacking rods and cones (rd/rd cl) are capable of normal photoentrainment: 
thus a third class of melanopsin-based photoreceptors entrain the clock



Circadian rythmicity : the pacemaker and the integrated 
physiological entrainment

Phase setting of central and peripheral 

circadian clocks in nocturnal rodents

Master pacemaker in the hypothalamus 

(SCN) subjected to exogenous signals as 

light-dark cycles

Mainly every peripheral organ has a 

circadian clock, which is controlled by the 

SCN via hormonal cues and innervation



Schibler et al, Curr op in cell biol, 2005
Rev-erba is cycling phase-shifted from Per

Rev-erba is regulated by clock genes but inhibits their expression

Circadian control depends on oscilating transcription 
factors: orphan nuclear receptor Rev-erbα



Oscillating cellular system: cellular clock entrainment

Serum deprivation leads to circadian gene expression in cell systems (eg. 

NIH3T3)

Schiber, Naef, 2005, Curr. Op. Cell. Biol.



Akashi et al, Nature 2005

Nuclear receptor RORα regulates circadian core clock 
Bmal-1

RORα regulates BMAL expression…

…but RORα itself is not cycling

Effect of a dominant negative RORa on circadian transcription; Bmal1 luciferase reporter construct in NIH3T3 stimulated by 
serum shock



Regulation of circadian physiology: interplay of 
transcriptional-translational feedback loops

CLOCK-BMAL1 heterodimers bind to E-boxes promoters and induce Per and 

CRY (cryptochromes) gene expression, the product of which act as 

repressors by interacting directly with CLOCK-BMAL1 hence inhibiting their 

own expression Duez and Staels, 2009, J. Appl Phys.

Metabolic syndrome
obesity, dyslipidemia, high BP

Circadian disorders
sleep disorders, workshift, jetlag, mood 
disorders



Nuclear receptors integrate metabolic
responses and diurnal regulation in the liver

Staels B. (2006) Nat. Med. 12, 54



PPARα: As different as day and night

Mice (treated with WY14643 for 7 days) show significant different effects if 

analysed in the morning or evening

Knight et al, 2005, Biochem. J.



Peripheral clock in the liver can be entrained

Stokkan et al, 2001, Science

Black circles represent expression peak of Per1
(mouse Per promoter luciferase reporter rat model)
RF stands for restricted feeding

- Over 2 days of daylight feeding (restriction feeding), expression of liver clock 
genes is shifted for 10 hours
- Liver circadian clock can be entrained/uncoupled from brain by feeding
Suggesting that circadian rhythmicity in peripheral organs (liver)  is independent 
of both SCN and light/dark cycle lab conditions

Damiola et al, 2001, Genes Dev.



Implication of circadian rythms in 
metabolism
•Metabolism and lipid absorption are regulated not only by feeding but also 
by circadian rythms

•Circadian rythms defined as the light – dark cycle phases; several clock 
genes show robust circadian rythms at the SCN (brain) level

•Implications of known circadian regulated genes, eg. BMAL1, CLOCK, in the 
control of lipid metabolism

•The orphan nuclear receptor RORα regulates circadian transcription of core 
clock Bmal1 gene

•In the intestine, the peak of expression of BMAL1 preceeds that of HMGCoA 
synthase, CRBP2 and AOX (known PPARalpha targets)

•Evidence that CLOCK1/BMAL1 heterodimer directly transactivates the 
PPARapha gene thereby controlling HMGCoA, AOX target genes, possibly 
others





CLOCK has intrinsic HAT activity (Cterm AA 
sequence similarity to known HATs)

CLOCK C-term Q rich region presents high sequence similarity to ACTR, a member of SRC family of HATs

A horizontal line above the CLOCK sequences indicates a binding motif  to the acetyl-CoA and which is required for HAT 
activity



Back up















Synchonized bacterial clock genes 

Fussenegger M. Nature 463:301 (2010)
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