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Clock circuits regulate daily sleepwake cycles

Ben Collins, Sara Pierre and Steven Brown

Institute of Pharmacology and Toxicology, University of Zirich

Daily rhythms in behaviour and physiology are controlled by internal circadian clocks. allegge
organisms to anticipate daily environmental changes and prepare accordingly. In mice, 20,000 neurons
within the suprachiasmatic nucleus (SCN) regulate daily skedqe cycles. Under light:dark cycles mice

are nocturnal, and sleep during the day winenSCN is most electrically active. Thus signals from the
SCN could contribute to daily slesgake cycles by promoting daytime sleep. However, at night mice
display two peaks of running activity that anticipate dawn and dusk, separated by a siesiaipas@mt

of environmental changes depends on an endogenous clock, this suggests SCN activity also shapes
behaviour at night. We therefore sought to identify nagittve SCN neurons.

We first characterized the firing patterns of SCN neurons and ftanéhtagreement with previous

reports, most SCN neurons are active during the day, when mice sleep. However, ~10% of SCN neurons
are active at night, coincident with the timing of the siesta. This fits with a model where SCN signals
promote inactivity/slep. We used targeted manipulations of neuronal activity within the SCN to
demonstrate that SCN activity inhibits nighttime locomotor activity, and identified a population of SCN
neurons that regulates both the presence and timing of the daily siestaeXperaments are the first step

in understanding the contribution of the circadian clock to the -sieége cycle at the neuronal level.
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Astrocytic-neuronal interplay controls circadian pacemaking in mammals

Marco Brancaccit¥, Andrew P. Pattoh Johanna E Cheshanklizabeth S. MaywoddMichael H.
Hastings

1 Division of Neurobiology, MRC Laboratory of Molecular Biology, Cambridge, CB2 0QH

The SCN is the principal circadian pacemaker, synchronising circadian clocks throughout the body to the
light/dark cycle. The specification of robust ~24h cycles in the SCN stems from the intracellular
clockwork and intercellular connectivity. Although the role of interneuronal connectivity in the SCN is
well known, the role of astrocyticeuronal interactias is still obscure. Therefore, we stereotaxically
injected AAV vectors in adult mice to genetically reprogram the intracellular clocks of SCN neurons or
astrocytes (lengthening calpecific period from 20 to 24h) and monitored the effects of these
manipulations on circadian rhythms of locomotor activity. As anticipated, lengthening the period of SCN
neuronal clocks also lengthened the period of activity rhythms. Strikingly, however, lengthening the
period of SCN astrocytic clocks exerted the same efféis. showed that SCN astrocytes not only

possess pacemaking properties, but also that they propagate circadian information to the periphery, via
unknown mechanisms. To reveal such mechanisms we simultaneously monitored and selectively
manipulated astrocigt and neuronal populations within SCN organotypic slices, by usingtéong

imaging of cellular and circuit functions. We revealed a circadian oscillation of intracellular calcium
([C&*i) in astrocytes which was asthasic to daily neuronal [E4i. patterns. SCN astrocytes are

therefore active during circadian night and we hypothesised that they could inhibit neuronal activity at
this time. Thus, we examined extracellular glutamate (fzla$ a putative gliotransmitter released by

SCN astrocytes. [B]. showed circadiaascillations, synchronous with astrocytic fGa Moreover,
astrocytically released [Gleihhibits the SCN neuronal circuit at night by {mgnaptically promoting

GABA release, via specific assemblies of the NMDA receptors expresteeidorsal SCN. Therefore,
astrocytes rhythmically repress neuronal activation at night and the daily lifting of this inhibition is
required for SCN circadian pacemaking. Our data demonstrate that circadian pacemaking relies on the
temporal astrocytimeuronal interplay in the SCN.
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Diurnal preference, mood and the response to morning light in relation to polymorphisms
in the human clock genePER3

Turco M} Biscontin AZ Corrias M2 Caccin L? Bano M} Chiaromanni F,Salamanca M Mattei D}
Salvoro C2Mazzotta G2 De Pitta C2 Middleton B2 Skene DJ,Montagnese &, Costa R**

Department of Medicine, University of Padova, Padova, |&gpartment of Biology, University of Padova,
Padova, ItalyChronobiology, Faculty of Health aridedical Sciences, University of Surrey, Guildford, UK

Background & Aims. PER3genepolymorphisms have been associated with differences in human sleep
wake phenotypes, and sensitivity to lighhe aims of this study were to ass@sthe frequency of allelic
variants at twd®?ER3polymorphic sites (rs57875989 length polymorphi®aR3, PER3; rs228697
SNP:PERZ, PER®) in relation to sleepvake timing;ii) the effect of morning light on
behavioural/circadian variablesRER3/PER3 and PER3/PER3 homozygotes.

Methods. 786 Caucasian subjects living in Northern Italy were asked to donate buccal DNA and to
complete diurnal preference, sleep quality/timing and sleepiness/mood questiodSdheR3/PER3

and 11PER3/PER3 homozygotes underwent morning light administration (10000 lux, 45 min, 8 days),
whilst monitoring sleepvake patterns and the urinary melatonin metaboigalphatoxymelatonin

(aMT6s) rhythm.

Results.No significant relationship was observed betweerahgth polymorphisnand diurnal

preference. By contrast, a significant association was observed betw&&RE&evariant and

morningness (OR=2.10), and betweenRiEERF i PER3 haplotype and morningness (OR=2.19), for
which a mechanistic hypothesis is suggested. No significant differences were observed in sleep
timing/aMT6s rhythms betwedPER3/PER3 andPER3/PER3 subjects at baseline. After light
administrationPER3/PER3 subjects advanced their aMT6s acrophase (p<0.05), and showed a trend of
advanced sleepyake timing

Conclusions.Significant associations were observed betweER3polymorphic variants/their
combinations and both diurnal preference and the respongéto li
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The effect of chronic exercise on sleep architecture and the electroencephalogram in young
and aged mice

Maria Panagiotou, Johanna H Meijer, Tom Deboer

Laboratory for Neurophysiology, Department of Molecular Cell Biology, Leiden Univésitiical Centre, Leiden,
the Netherlands

Physical activity is thought to be beneficial for health. Studies in young humans have shown that sleep
quality can be improved with regular exercise, whereas the impact of exercise on sleep in elderly humans
is still under investigation. We recently shalmbat aged mice have increased absolute-slavwe

activity (SWA, electroencephalogram power density betweenQ(¥blz) compared to young controls,
suggesting changes in brain connectivity in the course of aging. To investigate whether exercise can
redue this aging effect, mice were divided in three age groups and were either provided with a running
wheel for 23 months (6 months old, n=9; 18 months old, n=9; 24 months old, n=8) or were used as
controls (6 months old, n=11; 18 months old, n=8; 24 marithan=6). One week before the sleep
recordings, the wheel was removed. We recorded continuously the electroencephalogram (EEG) and
electromyogram, without the running wheel, during undisturbed 24h baseline (BL) and conducted a sleep
deprivation during thérst 6h of the second day. Increased waking and decreased NREM sleep was found
during the first éh of the BL dark period in young mice exposed to the running wheel compared to
controls, whereas decreased REM sleep was found at the end of the BLttark8nmonths old and at

the beginning of the light period in the 24 months old, compared to themaigphed controls ests,

p<0.05 after significant ANOVAS). Notably, SWA was increased with aging and attenuated with

exercise, exhibiting the lowestels in the young mice exposed to the running wheel. The data show a
more moderate effect of exercise on sleep architecture in aged mice provided with a wheel. Nevertheless,
SWA was markedly reduced when a wheel was available in aged mice, suggestxgittiae can alter

brain connectivity towards a younger state.
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Internal desynchrony does not result in adverse metabolic consequences in mice
Vincent van der Vinne®, Steven J. Swodp, David R. Weave®)

(1) Department of Neurobiologyniversity of Massachusetts Medical School, Worcester, MA, USA;
(2) Department of Biology, Williams College, Williamstown, MA, USA
* presenting author

Circadian disruption as a result of shiftwork or repeated jetlag is associated with adverse metabolic
consequences, although the underlying mechanisms are unknown. Internal desynchrony between the
phase of the SCN and peripheral oscillators is widely believed to be the main factor underlying these
adverse consequences of shiftwork but this hypothesisdvas been tested directly. Here, we used a
GABA-cell specific Credriver in combination with conditional casein kinase alleles to lengthen the
endogenous circadian period of the SCN but not the peripkigatCre*; CK1i""; CK10/*) to create a
discordant mouse model. These mice had a long (27.5h) behavioral period to which peripheral clocks
entrainedn vivo,albeit with an advanced phase@p). Thus, in the absence of environmental timing

cues (constant darkness), these miceiigdnal desynchrony between the SCN and peripheral

oscillators. Surprisingly, internal desynchrony did not result in obesity. Instead, discordant mice had
reduced body mass compared to that ofii&gative littermate controls on regular chow and even when
both genotypes were challenged by a Higidiet. Similarly, internal desynchrony failed to induce

glucose intolerance. In a subsequent experiment, discordant aneégative control mice were both
entrained to a 25.5h LDycle (2h light, 23.5h darkngssesulting in a similar state of limited internal
desynchrony in both genotypes. Under these conditions, discordant mice maintained their lower body
mass, suggesting a pleiotropic effect rather than internal desynchrony as the cause of the lowered body
mass. Overall, our results contradict the hypothesis that internal desynchrony leads to obesity and suggest
that a different theoretical framework may be required to explain the adverse consequences of shiftwork.
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The circadian biology of asthma
Durrington HJ, Singh D, Loudon A, Ray D

Division of Infection, Immunity and Respiratory Medicine, School of Biological Sciences, Faculty of Biology,
Medicine and Health, University of Manchester, Manchester, M13 9PT, UK

Background: Asthma is a chronic inflammatory disease of the airways. It is common (1:12 adults in UK)
and the prevalence is increasing. There is marked time of day variation in both symptoms and lung
physiological parameters. Emergence of niyhe symptoms in asthanoften leads to an escalation in
treatment. Furthermore, drug companies trialling new inhaled corticosteroids (ICS) use a reduction in the
morning 6dipé in lung physiology as a primary out
variation in asthmé& unknown. Furthermore, increasing evidence suggests that ICS may be more
effective in the afternoon (3pm), rather than traditional morning or evening dosing. Understanding of the
circadian biology of asthma is crucial for improved therapeutics.

Aim: To investigate the circadian biology of asthma.

A Define new biochemical pathways involved in the circadian variation in asthma

A Determine a circadian biomarker in asthma

Method: We recruited 10 atopic, moderately severe asthmatics and 10 healthy volunteers to complete 4
study visits, including an overnight stay. Blood, induced sputum and breath were sampled at intervals
throughout the day and night, and physiological measuremeds.

REC reference: 14/NW/1352.

Results: There is a high amplitude circadian change in FiB\asthmatics compared to healthy controls.

The nadir is at 4am (figure 1). There was also an increase in sputum eosinophils (a key effector cell in
asthma) atdm compared to 4pm in asthmatics.
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Discussion:We have demonstrated a significant diurnal effect on asthma lung physiology. Further
downstream analysis of serum, breath and sputum is underway.
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Phase delay bybright blue light in patients with bipolar disorder in comparison to healthy
control subjects

Philipp Ritter, Stefanie, Neumann, Bettina Soltmann, Falk Wieland

University Hospital Carl Gustav Carus, Technische Universitat Dresden, Dept. Psychiatry\artPerapy,
Dresden, Germany

Introduction:

Bipolar disorder is associated with insomnia and symptoms frequently follow a circadian and seasonal
course. Age of onset differs according to the amount of regional solar insolation and is further modulated
by genetic variants of the Per3 gene.

So far there have been no studies evaluating the propensity to phase shift in patients with bipolar disorder.

Objectives.

The study which was carried out during winter 2016/17 aimed to investigate the phaseasisiéisasd by
serial melatonin sampling induced by two hours of bright blue light in people with bipolar disorder
(n=41) in comparison to healthy participants (n=58).

Methods.

Participants were studied on three consecutive nights, the first and thirihréghtplete darkness for

serial melatonin sampling. During the second night the intervention consisted of a two hour light
exposure between 21203 00 o0o6cl ock via a half sphere (di amete
Phase shift was measured by comparing melatonin risaqgostintervention. In addition, EEG data

was continuously recorded with electrodes C3, O1, F3, A2, Cz and GND. Instead of pharmacological
pupil dilation, pupilometry was used to determine the appropriate light intensity.-deselfoped control
scheme djusted brightness during light administration in the sphere depending on pupil size (maximum
1200lux blue corresponding to 2,4*10"15 photons per s and cm? with 1,6mm pupil, minimum 120 lux
blue with 5mm pupil diameter). Median pupillary size on all pgodicts was 1,9mm.

LEDs with peak wawéength of 475 nm were used, full width at half maximum was 18 nm.

Pupillometry data was sampled with 30 Hz and stored for evaluation. EEG Data was collected in the
second night as well as the Karolinska Sleepineake @wvery half hour on all nights.

Results.
Since data evaluation is ongoing, the results will be presented at the congress.

Funding/Disclosures BMBF (Bundesministerium fur Bildung und Forschung, Germany)
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Circadian regulation of the adaptiveimmune response

Louise Incé, David Druzd, Wenyan H& ChienSin Cher, Ute HarrisoA Ling Yac, Naoto
Kawakamt, Leif Erik Sandet, Rainer Haas Christoph Scheiermahn

! Ludwig-MaximiliansUniversitat Munich, Walter Brendel Zentrum, Munich, Germ&hydwig-Maximilians

Universitat Munich, Max von Pettenkofer Institute for Hygiene and Medical Microbiology, Munich, Germany;
SCharité University Hospital Berlin, Department of Infectious Diseases and Pulmonary Medicine, Berlin, Germany;
4Ludwig-Maximilians-Universitat Munich, Institute of Clinical Neuroimmunology, Munich, Germany

It is now wellestablished that cells of both the innate and adaptive immune system possess molecular
oscillators that rhythmically regulate key processes. Whilst the magdnityprk has focussed on the first
responders of the innate system, here we present data to show that the circadian clock also regulates
adaptive immune responses occurring days to weeks after the initial immune challenge. Under steady
state conditions, Tral B cells are rhythmically recruited to the lymph node from blood in adeéithed
process dependent upon the chemokine receptor CCR7 and its ligands CCL21 and CCL19. Peak cell
numbers in the lymph node occur at the onset of night, in antiphase tow@h in blood. Not only was
homing to the lymph node rhythmic, but a diurnal pattern in egress was also found, leading to oscillations
in the dwell times of cells recruited to the lymph node during the day vs. night. Utilisirgpeelfic

Bmal1’ animds (with CD4 or CD19driven Cre expression to target T and B cells respectively), we also
show that the rhythmicity in homing and egress are driven by the immunetaaeBic oscillators. The
co-ordinated oscillation of T and B cells, as well as flutitues in antigerpresenting cell numbers, were
associated with a difference in magnitude of adaptive immune responsesitb pglibri andinfluenza A

up to three weeks after initial infection.
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Wavelengthrdependent postillumination effects on human physiology and behavior

Wisse P. van der Meijden and Eus J.W. Van Someren

Netherlands Institute for Neuroscience, Department Sleep & Cogniimeterdam, the Netherlands

Environmental light exerts potent effects on human physiology and belizaiaan last long beyond
discontinuation of the exposure. These-mage forming effects of light are mediated by intrinsically
photosensitive retinal ganglion cells (ipRGCs) expressing melanopsin. This photopigment is
predominantly sensitive to shesavelength (blue) light and enables ipRGCs to encode environmental
light levels themselves. The ipRGCs integrate this intrinsic photoresponse with the input from the rod and
cone phototransduction pathways and then signal to downstream brain areas isttudtoges involved

in the pupillary light reflex, vigilance, and sleep. We developed a novel paradigm to assess the
functionality of asignaling ghototrandductidn Girsuitrynfeoin the ahvgrasteriatic
postillumination pupil respons@PIPR) after blue light. We applied this PIPR paradigm in healthy
adolescents and young adults, an age range with known vulnerability to a delayed sleep phase, and
showed that stronger bllight responsiveness was associated with later sleep timingyuimigiy,

increasing evidence suggests that filistination modulations may not only occur after discontinuation

of blue light, but also following exposure to light with longer wavelengths. For instance, previous patch
clamp studies on mouse retinas shdyweompt silencing of intrinsic firing of ipRGCs after cessation of
long-wavelength light exposure, which led us to hypothesize downstream functional consequences. In a
series of experiments in healthy adult volunteers assessed during darkness, westaimetsoupil

dilation, slower response speed in a vigilance task in spite of increased effort, and increased sleep
propensity if preceded by intense lewgvelength (red) light. The consistency of multiple downstream
effects are compatible with pastd sippression of intrinsic ipRGC firing during darkness.
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Sunlight increases sleep pressure buddp

Emma J. Wanis Tom Woelders Irene Marring, Laura van RosmalénDomien G. M. Beersma
Marijke C. M. Gordijrt? & Roelof A. Hut

IChronobiology unit, Groningen Institute for Evolutionary Life Sciences, University of Groningen, PO Box 11103,
9700CC Groningen, the Netherland&hrono@Work B.V., Friesestraatweg 213, 9743 AD Groningen, the
Netherlands

Light is considered a stroragigeberfor entraining the circadian clock. Light exposure is also known to
modulate features of subsequent sleep regulated by the clock (i.e-eifapitbvement (REM) sleep and
sleep onset and offset timing). The amount of slow wave sleep, however, istttiohg a direct result of

the buildup of sleep pressure throughout the preceding waking hours. It is unknown whether light
exposure can affect the homeostatic parts of sleep and/or influence thegatfldleep pressure. In this
study, we sought to asss whether light exposure during everyday life was linked to the architecture of
subsequent sleep. We monitored 20 young, healthy individuals in the fieldvristactigraphs

measured ambulatory light exposure and ambulatory polysomnography womeattamitored sleep
architecture. A week prior, salivary melatonin sampling was collected in the lab to determiightlim
melatonin onset (DLMO). As expected, later DLMO was associated with later light exposure (quadratic,
controlling for daylength, R04 7 2(3)=82.38, p <0.0001). Additionally, REM sleep latency was shorter
in individuals exposed to later light¥R0 . 2(1)55.7% p<0.05) and higher percentage of REM sleep

(R>= 0 . 4(2)513.90, p<0.001) was associated with lower intensity light expoSurprisingly, SWS
accumulation was faster after exposure to high intensity light and early first light exposure (p<0.05). The
accumulation difference in SWS preceded REM sleep episodes. This study provides evidence that in the
field, the light humansra exposed to affects architecture and quality of their subsequent sleep. Light
appears to not only entrain the clock and affect clooklulated aspects of sleep but, through possible
extraSCN pathways, affect the builgp of SWS sleep.
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Light intensities up to 2000 lux do not improve daytime alertness in a doskependent
manner

Renske LoK Marijke C.M. Gordijrit? Roelof A. Hut Domien G.M. Beersnia

1 University of Groningen, GELIFES, department of Neurobiology, GronirtherNetherlands? Chrono@Work,
Groningen, the Netherlands

Light is known to elicit both imagend nonimage forming (NIF) responses, such as effects on alertness.
Dosedependent effects of light on alertness have been established, mainly duriiginttime. There are

no doseresponse curves available for effects of light intensity on alertness during the daytime, while this
could have important implications.

50 healthy, norsleepdeprived subjects participated in a paradigm starting at 7:30 A.t.divh light

(DL) exposure of <10 lux. After 1.5 hours, DL was alternated with 1 hour of polychromatic white
experimental light (EL). This sequence was repeated until the end of the paradigm at 5:30 P.M. Each
subject was exposed to the same intensity obikhll four occasions. Five intensities of EL were tested
(24, 74, 222, 666 and 2000 lux). Alertness was assessed (by filling in thgu€S&onnaire, performing

a reaction time task and measurements of skin temperature and blink parameters) sixdeen time

Linear mixed model analysis revealed significant effects of time of day in all parameters of alertness,
however there were no significant interactions between time of day and light intensity in none of the
assessed parameters (p>0.05). There weraalsmnificant differences between DL and EL (p>0.05)

nor between different intensities of EL (p>0.05).

Contrary to expectations, alertness did not improve by light exposure in a dose dependent manner. In fact,
there were no effects of light on alertneggmtsoever. Either the used light intensities are not strong
enough to elicit significant improvements in alertness during the daytime or there is a ceiling effect of
alertness, making it impossible to improve beyond such limits.
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Acute effects oflight on eating behavior and glucose metabolism of mice

Anayanci Masis Varga$ Marie-Paule FeldeSchmittbuht, Josef Tainsh David Hicks, Andries
Kalsbeek* Jorge MendoZa

Unstitute of Cellular and Integrativleurosciences CNR3PR3212, University of Strasbourg afidetherlands
Institute for Neuroscience, University of Amsterd&iog Lights Limited, UK!Academic Medical Center,
Amsterdam.

Brain structures implicated in the regulation of food intake @dgive projections from intrinsically
photosensitive retinal ganglion cells expressing melanopsin. Hence, light may somehow regulate Fl and
metabolismOur aim was to study the acute effects of light at night (ZT13) on regular chow and palatable
Fl, and glicose metabolism in C57BL/6J mice exposed to a chow diet or a free choice high fat high sugar
diet (fcHFHS). Animals were exposed to a light pulse (either polychromatic or blue) for 1 h and an intra
peritoneal glucose tolerance test was then performedsigidicant differences in the glycemic response
were found under any type of light in animals on either diet.

Animals received a second light pulse at ZT13 one week later and FI was measured before and after the
light pulse during the day and at night.in the animals on the chow diet was significantly higher at night
than during the day, but no difference was found between light exposure conditions. However, in animals
on fcHFHS, even when the FI during day was the same before and after the lighthrks was a

statistically significant increase in calorie intake at night only in the animals exposed to blue light. That
extra energy came mainly from fat and sugar, suggesting that blue light may stimulate the hedonic eating
drive in mice.

To evaluag the role of melanopsin in the possible hedonic pathway stimulated by exposure to blue light,
we used melanopsin mutant mi€@ph4)under the same conditions as in experiment 1. Fl at night
increased in WT and mutant mice exposed to blue light, suggesting that thératinpathway that

modulates the hedonic intake of food is independent of melanopsin.

Supported by: NeuroTime, ANR4-CE13000201 ADDICLOCK JCJC anthstitut Danone Francei
Fondation pour la Recherche Médicale
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Feeding Time Is A More PotentZeitgeberfFor The Goldfish Hepatic Clock Than Light-Dark
Photocycle

M. Gomei Boronat,A.M. Blanco, A. SanchéBretafio, M.J. Delgado, N. De Pedro, E. Isorna.

Department of Physiology (Animal Physiology Il), Faculty of Biology, University Complutense of Madrid, 28040
Madrid, Spain

miguelgomezb@mnat@ucm.es

The nonhierarchical fish circadian system is composed of a network of central and peripheral oscillators
Previous results have demonstrated that in the absence of-ddigh{LD) cycle, a scheduled feeding
drives hypothalamic antepatic clock genes rhythms in goldfisBafassius auratys suggesting that
feeding time is a potent synchronizer of fish oscillators. However, the importance of feedingrsos

LD cycle in the entrainment of goldfish oscillators is unknown. Inwusk, we have studied the effect of

a 12h feeding time shift (from the midday, ML, to the middarkness, MD) on clock genes expression
rhythms bmalla,clockla perla perlh per2aandper3) in hypothalamus and liver of goldfish maintained
under a 12L:12[photoperiod for one month. As expected, the acrophadasalfiaandclocklawere in
antiphase with those gkergenes in the two tissues studied in both ML and MD fed fish. One exception to
this pattern waper2a which presented daily rhythmicity only the hypothalamus, in agreement with
previous studies suggesting that this gene is directly induced by light in teleosts. In liver, when feeding time
is shifted from ML to MD, the acrophases of clock genes were also shifted approximately 12 h. However,
in hypothalamus, the 1 feeding time shift induced a48 h phase advance in the daily rhythms of the
analysed clock genes. Interestingly, the hypothalamic and hepatic oscillators were in phase in ML fed fish,
while they were desynchronized in MD fed fist clonclusionpresent data suggest that feeding time is the
main zeitgeberfor the hepatic, but not for the hypothalamic, circadian oscillator in goldfish. However, the
physiological consequences of such a desynchronization between a central (hypotlailday®ripheral

(liver) oscillatorwhen feeding time is shifted for the animal temporal homeostasis remain to be elucidated.
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A local circadian clockwork in the arcuate nucleus drives daily changes in excitability and
fine tuning of feeding behaiour

Adam G. Watson, Mino D. C. Belle, Peter Cunningham, David A. Bechtold, Hugh D. Piggins

Faculty of Biology, Medicine and Health, The University of Manchester, Manchester, UK

The transcriptionalranslational feedback loop (TTFL) enables neurons in the suprachiasmatic nucleus to
function as autonomous clocks and drives daily rhythms in electrical activity. Core components of the
TTFL such agPeriod1(Perl) andCryptochromel/ZCry1/2) are also rhythmically expressed in other

brain regions. One such area, the arcuate nuclei of the hypothalamus (ARC), plays a vital role in
modulating feeding behaviour and energy balance. However, it remains unknown whether the local
clockwork in he ARC influences electrical activity, and whether such changes influence energy
homeostasis. To investigate this, we used a mouse in Weidpromoter activity is reported by a
fluorescent Venus proteiPérl:Venus animals), and made targeted wigakelectrophysiological
recordings fronPerl:Venus positive neurons in acute adult brain slices. Importantly, within the lateral
portion of ARC,Perl:Venus positive neurons were significantly more active at night, firing APs at
~4Hz, compared to the daydHz). This was confirmed by recording of multiunit activity, which was
higher at night compared to the day specifically in the lateral portion of the ARC. To establish whether
this localised dayight change in activity is dependent on an intact TTFLmade wholecell recordings
from ARC slices prepared from mice lackiBgy1/2 (Cry1’Cry2"), and found such daily variation to be
absent. Moreover, bilateral microinjection of AAGfe-GFP (or control AAVGFP) viral vectors into the
ARC of BmalT™ micelead to a Crelependent increase in daytime firing rate and altered the temporal
pattern of food intake. Collectively, these results demonstrate that the TTFL drives daily changes in the
electrical activity of the ARC and that a local clock in the AR®nigortant for fine tuning the timing of
feeding behaviour.

Keywords: ArcuatePerl:Venus, electrophysiology, metabolism, feeding.
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Restricted feeding stabilises behavioural rhythms of neuropeptide deficient mice
Rebecca C. Northeast, Alun T.Hughes, George Picard, David A. Bechtold, HIghPiggins

Faculty of Biology, Medicine and Health, University of Manchester, Manchester, UK.

Restricted feeding (RF) has major health benefits, from preventing onset of diseases such as
cardiovascular desase and diabetes to improved longevity. In mammals, 24h daily rhythms of physiology
and behaviour are driven by the superchiasmatic nuclei (SCN), which is itself entrained by external
zeitgebers such as light and activity. In rodents, RF during theviegidtase of the day reduces SCN

control of activity, allowing food anticipatory activity (FAA) rhythms to emerge. The interaction between
vasoactive intestinal polypeptide (VIP) and its primary SCN receptor, YR#&aQmotes coupling and
synchrony amongstGN neurons. Mice lacking VIVip”), VPAC; (Vipr2") or both ¥ip”Vipr2")

demonstrate marked loss of SCN neuronal synchrony and disrupted locomotor activity rhythms in
constant darkness (DD). Under RF, all three lines of mice readily entrained to feeding time and displayed
FAA. Remarkably, upon return & libitumfeeding, pevious exposure to RF during DD corrected
abnormal freeunning behavior iVipr2”- mice, producing prolonged ~24h behavioural rhythmicity. This
effect was not observed Vip” andVip”Vipr2” mice, as neither strain showed a significant
improvemenindicating that VIP is required for these behavioural changes. Further, RF carried out during
the light phase in 12h:12h light:dark conditions caused the majoritipd?”™ mice to become arrhythmic
upon release to DD. This suggests that the preseticgibhs a conflicting zeitgeber disrupts the

beneficial effect of RF. Additionally, DIRF in wild-type (WT; C57BL6/J or mPER2::LUC) mice altered

the phase of both behavioural rhythms and mPER2::LUC rhythms in isolated SCN slice cultures. Taken
together lhese findings demonstrate that RF engages the SCN, and when not opposed by the LD cycle,
can promote behavioural rhythmicity in mice with a weakened SCN.

Supported by the MRC, BBSRC and the University of Manchester Research impact Scholarship.
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A role for circadian clocks in leptirnrresponsive neurons in appetite regulation in mice
JanaThabea Kiehh Christiane E. Koch Johanna L. BarcldyHendrik Lehnett Henrik Ostet

1 Medical Department |, University of Liubeck, Lubeck, Germatjniversity of Queensland, Brisbane,
Queensland, Australia

To anticipate and adapt to daily recurring events such as thalfightycle most species have developed
internal, so calledircadianclocks. In nocturnal rodents, like mice, food intakbigh during the dark

phase and low during the day, but clock gene disruption dampens this diurnal feeding rhythm. An
important regulator of appetite is the adipoeg&gived hormone leptin, which acts on central appetite
circuits via its receptor ObRb. Epgssion of ObRb shows a diurnal pattern, suggesting a reciprocal link
between leptirmediated control of energy homeostasis and central clock function. Therefore, we
investigated the influence of circadian clocks in lepésponsive neurons on energy hostasis in
ObRb.Bmal mice, in which the circadian clock was knocked out specifically in @b&itive neurons
(ObRb.Cre x Bmal.fIx/flx). ObRb.Bmal mice show slightly increased homeostatic food intake during the
night together with elevated energy exper@ifuesulting in an unchanged body weight regulation in
comparison to control mice. Furthermore, the circadian rhythm of central leptin sensitivity is dampened in
ObRb.Bmal mice. Interestingly, the appetite for palatable food as well as palatabiedooed running
wheel activity is reduced during the day in ObRb.Bmal mice compared to control mice, suggesting an
altered rewarding effect of energgnse food in these mice. In summary, our data suggest that the
molecular clock in ObRiexpressing neuronsiisvolved in the circadian regulation of food intake, with
prominent effects on food reward and hedonic appetite regulation.
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Drosophila clock neurons: timekeeping by currents
Phil SmitH, Krasimira Tsanevétanasovj James JL Hodge

!School of Physiology, Pharmacology, and Neuroscience, Biomedical Sciences Building, University Walk, Bristol,
BS8 1TD? Department of Mathematics, College of Engineering, Mathematics and Physical Sciences, University of
Exeter

Circadian clock systemslaWs organisms to cope with constantly changing environmental conditions

such as light and temperature. An effective system for exploring regulation of the clock is tfe fruit
Drosophilamelanogastat ue t o t he f |l yb6s si mplurens.dJsinglidsthef r oughl
molecular components important in producing rhythms have been investigated, but how this impacts on

the electrical behaviour of neurons is not yet fully understood.

One discrete group of clock neurons is known as the lateral neeménal cluster (LNS). These neurons
produce a neurotransmitter called pigmeéisipersing factor (PDF, Shafer et al., 2008) that is thought to

be important in proper clock function and they have an oscillating resting membrane potential and
frequency okpontaneous action potential firing; the neurons being more positive and faster respectively
in the early morning compared with the early night. However, the exact mechanism of this is not fully
known.

We have performedx vivowhole cell patch clampingnd pharmacological manipulation of the RDF
positive LN, neurons to establish the underlying oscillations that contribute to the resulting oscillating
neuronal behaviour. We show that some voliggeed potassium channels such as Kvl (Shaker) and Kv2
(Shab have consistent electrophysiological properties over the course of a day, others such as Kv3
(Shaw) and Kv4 (Shal) have higher peak currents at different times of day. Mathematical modelling of
our voltageclamp data combined in a wheatell model of the®DFpositive LNV neurons allows us to
describe previously observed behaviour and also predict the effect of each channel on teelivhole
electrical activity. Subsequent manipulation of these channels also has affects on fly circadian activity.
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Distinct morning and evening expression pattern of Perl in the mouse SCN is dependent of
VIP/VPAC?2 signaling

Jens Hannibal, Tanja Bisgaard, Birgitte Georg, Jan Fahrenkrug.

Dept. Clinical Biochemistry, Bispebjerg Hospital, University of Copenha@epgenhagen, Denmark.

The circadian master clock is located in the hypothalamic suprachiasmatic nucleus (SCN). Neurons of the
SCN express a distinct group of clock genes, which in complex interactions regulate their own
transcription during the 24 LD cyelgenerating output signals driving rhythmic behavior and physiology.
The neuropeptide VIP and its specific receptor, the VPAC2 receptor, are necessary for synchronization of
clock neurons and loss of either peptide or receptor results in a brokenlttek present study, we

found evidence for distinct temporal oscillations of the expression of the cloclPgehia two different
compartments of SCN neurons using specific PER1 antibodidBeattdRNA probes. One group of

neurons located in the dorstedial SCN, PERL1 oscillates with peak mMRNA expression at midday (ZT6)
and peak protein expression at ZT12 corresponding to an evening closkillgtor). A large number of

these neurons express AWBRsopressin. In another group of neurons PER1 oscilfategiphase with

peak mMRNA at ZT16 and peak protein expression at ZT24 corresponding to a morning elock (M
oscillator). Opposed to thetkeurons, the Meurons were located in the central core of the SCN close to
the Neuroglobin neuronBerlexpressia in both E and M oscillator cells was circadian in both
compartments. To further characterize thiedhd M neurons, we used PEBEP- and Per2:luc

transgenic mice in combination with antibodies recognizing the VPAC2 receptor. In both mice strains,
VPAC2 immunoreactivity was located in the cell membrane of soma and proximal proceBses of
expressing cells. We next investigated PER1 expression in the SCN of VPAC2 WT and VPAC2 deficient
mice during LDi and DD cycles. During both conditions, PER1 expogss VPAC2 KO mice was
significantly blunted in both compartments of the SCN indicating that themil E oscillator are

dependent of intact VIP/VPAC2 signaling in the SCN.
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Scheduled daily locomotor activity alters GABAergic signalling in the SCN

Al un T. L. HughesA, Beatriz Bano Otal or a, Mi no Be
Piggins.

Faculty of Biology, Medi ci ne and Healt h, University of
Natural Sciences and Psychologp E ul t y of Science, Liverpool John Moores
Address: University of Exeter Medical School, University of Exeter, Exeter, UK

Daily rhythms in physiology and behaviour are ultimately controlled by the coordinated aaftiaity

network of cellular circadian oscillators located in the suprachiasmatic nuclei (SCN). Intercellular
signalling within this structure is paramount for appropriate circadian function and two key intercellular
signalling systems in the SCN are the npegide vasoactive intestinal polypeptide (VIP), acting via its
cognate VPAGreceptor, and GABAergic signalling. Circadian rhythms generated by the SCN must be
synchronised with the external environment through the actions of exogenous time cues auf feedb
from endogenous cloetontrolled outputs. Daily scheduled exercise is one such influence; it is well
established that regularly scheduled locomotor activity entrains behavioural rhythms-iypsi(@VvT)

mice, and both entrains and improves aberranadian function in mice with disrupted VNVAPAC,

signalling. It is currently unknown, however, how daily scheduled exercise alters SCN function during
entrainment and whether intercellular signalling pathways are engaged by such activity. Here we
demonstate, using electrophysiological and molecular tools, that scheduled daily locomotor exercise
improves behavioural rhythms in mice lacking VPAEceptor expressioV{pr2™) by reducing

GABAergic activity in the dorsal SCN, paradoxically reducing firiatgrin this subregion. These

changes are coincident with an increase in the amplitude of molecular clock gene rhythms in the ventral
part of the SCN, as well as a significant increase in the proportion and synchrony of rhythmic SCN cells.
Intriguingly, wealso find that under stable entrainment to scheduled voluntary exercise, GABA signalling
is significantly suppressed in both the dorsal and ventral parts of the WT SCN. In contips?to

mice, spontaneous firing in the ventral part of the WT SCNiiagoxically reduced and, remarkably,

these changes are coincident with reduced amplitude oscillations in clock gene expression across both
SCN subregions. We conclude that scheduled voluntary exercise in a running wheel differentially engages
GABAergic spgnalling in the dorsal and ventral parts of the SCN to mediate entrainment of WT mice and
rhythm improvements in a model with a weakened central circadian system.
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Functional clustering of SCN cells

JHT Rohling

Leiden University Medical Centr®epartment of Molecular Cell Biology, Laboratory for Neurophysiology

Nowadays we can record functional data from single SCN cells using techniques as gene expression
recordings, singleell imaging and electrical activity recordings. However, identificabf these single

cells into clusters appears to be a difficult task. Normal clustering techniques based on a threshold find
one cluster and many unclustered cells. Anatomical knowledge is also used to select, by hand, regions in
the SCN of which the sigls are taken together as clusters. We present a new community detection
method based on random matrix theory with which we can find multiple clusters of cells from functional
data only, without reference to existing anatomical maps and without uskreshdid. The method has

no knowledge of location of the cells from which the functional time series were derived.

We used singleell PER2::LUC expression in slice cultures from mice entrained to short and long
photoperiods and find in all experimentotmain clusters. Surprisingly, the two clusters that were found
resembled very accurately the existing vendi@isal distinction in the SCN! When we examine the
functional properties of the different clusters, we find in the anterior SCN a dorsolatstat that

showed a larger cych®-cycle singlecell period variability in long photoperiods compared to a
ventromedial cluster, raising the possibility of regional differences within the SCN in encoding for
photoperiod (1).

We continued our investigatiday looking at the evolution of the clusters over thehZ#eriod and we see
that the clusters change over time. Some cells are inside one cluster during the day, and in the other
cluster during the night. This indicates daily plasticity of the functioeliilar network, where the

network changes between night and day. Using this clustering technique will help us find functional
relevance of different regions and functional plasticity in the SCN, based only on functional recording
techniques.

Buijink MR, Almog A, Wit CB, Roethler O, Olde Engberink AH, Meijer JH, Garlaschelli D, Rohling JHT, Michel S.

Evidence for Weakened Intercellular Coupling in the Mammalian Circadian Clock under Long Photopen&d.
One. 2016 Dec 22;11(12):e0168954.
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Simultaneous measurement of circadian rhythms of multiple functions: Dissociation of
Perl and Bmall circadian rhythms in the suprachiasmatic nucleus

Daisuke On& Ryosuke EnoKj Kerrichi Honm&, and Sato Honn3a

1Department of Neuroscience Il, Research Institute of Environmental Medicine, Nagoya University, Japan;
2Photonic Bioimaging SectioResearch Center for Cooperative Proje¢iskkaido University Graduate School of
Medicine, Japan®Research and Educatid@enter for Brain Science, Hokkaido University, Japan

In mammals, the suprachiasmatic nucleus (SCN) in the hypothalamus plays a critical role in the
expression of circadian rhythms. In the SCN, circadian rhythms are generated by a
transcription/translatio negative feedback loop, where the core (Per) loop is interlocked with an associate
(Bmall) loop. This molecular oscillation in the SCN is thought to transmit the output signals for
expressing circadian rhythms in cellular functions such as cytosoliamadnd spontaneous firing. And

these cellular rhythms are integrated in the SCN to regulate circadian behavioral rhythms. However how
the molecular oscillation in the SCN regulates behavioral rhythms remains mostly unknown. In this
respect, simultaneousaasurement of circadian rhythms of the multiple functions in the SCN is

important to elucidate the signal cascades of circadian rhythm regulation.

In the present study, using an in vivo optical fiber system, we examined the dynamics of Perl and Bmall
expression in the mouse SCN during the transient period of gtdfis induced by a single phase

delaying light pulse. The Pettc rhythm was phasdelayed instantaneously by the light in parallel with

the activityonset of behavior rhythm, whereas the Brrallic rhythm was phasgelayed gradually with

a transient of 4 days similar to the activitgffset. We also measured Pdut and BmaliELuc
simultaneously in the cultured SCN, using transgenic mice carryingcdlaalluciferase reporters for

Perl and Brall transcription together with spontaneous firing and cytosolic calcium concentration. Here
we found that circadian rhythms of Pdut and BmaldELuc in the SCN were dissociated during culture.
Circadian peak of Bmall rhythms gradually phase advancels tlht of Perl was gradually phase

delayed when compared with the circadian peak of firing rhythm. The spatial organization of Perl and
Bmall expression rhythms in the SCN did not change during culturing. These results suggest that the
existence of two gillations with different molecular mechanisms.
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Cryptochromegenes form an oscillatory loop that can operate independent of tiper/tim
loop in the cricket Gryllus bimaculatus

Atsushi Tokuok3 Taichi Q Ito#, Shinryo Horid, Outa Uryd, Yoshiki Danbard Motoki Nosé, Tetsuya
Bandd, Teiichi Tanimur& Kenji Tomiok&

3Graduate School of Natural Science and Technology, Okayama University, Okaya8&8000apan?Graduate
School of Science, Kyushu University, Fukuoka@395, JapanfOkayamaJniversity Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences, Okayama%868, Japan

The circadian rhythm is controlled by an endogenous oscillatory mechanism, or circadian clock, which
consists of cyclically expressed clock genes &ed product proteins. In insects, the major constituents
of the clock argeriod(per), timeles (im), Clock(CIk) andcycle(cyg. perandtim are rhythmically
expressed through rhythmic transcription caused by CLK/CYC during late day to early night and
subsequent negative feedback of their product proteins to CLK/€yftochroms (cry) are also

thought to be involved in this loop and their roles have been examined extensively in holometabolous
insects, but little is known for hemimetabolous insdatshis study, the role afry genes was

investigated in a hemimetabolous insect, the criGkgtlus bimaculatusBy molecular cloning we

obtained cDNAs of twary genes, i.e.Drosophilatypecryl (G b 6 ¢ ang mammaliatypecry2

(Gb 6 0.1GY & chasp gplicing variants most of which showed a daily rhythmic expression, peaking
during early to miehight. Double stranded RNA (dsRNA) treatmentolb 6 chad/ohly a limited effect

at both behavioral and molecular levelile dsG b 6 ctreatn2ent had agificant effect on behavioral
rhythms and molecular oscillatory machinery alone or in combination W& ds .cWhgn doubly

treated with d& b 6 cand/d& b 6 ¢ maostdf the clock genes lost daily expression rhythms, except for
G b 6 whicmmaintained a clear daily rhythmic expression. With molecular analysis using cultured cells,
we found that some combination®fb 6 candGb 6 cvariars suppressed the CLK/CYC
transcriptional activity. Based on these results we propose a unigied afiche circadian clock that
includes a molecular oscillatory loop f@rb 6 cwhighZcan function independent of b 6 fsd Bt | m
loop.
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T-cycle entrainment highlights the importance of PDF in entrainment oDrosophila
circadian activity rhythm s

Koustubh Vaze and Charlotte Foerster

Department of Neurobiology and Genetics, University of Wuerzburg, Germany

The circadian clock regulating activity rhythms in the fruitBlymelanogasteconsists of a neural

network of ~150 oscillator neurons located in the brain. Communication among oscillator neurons is
critical for the circadian activity rhythm and its gymonization (entrainment) to daily light/dark (LD)
cycles. The neuropeptide PIGMENT DISPERSING FACTOR (PDF) is an important communicator
among oscillator neurons. We explored the role of PDF in entrainment by studying activity rhythms of
wild-type (Cantors (CS)) andPdf flies under nor24 hour LD cycles (ftycles). Daily activity profiles

of CS showed obvious changes witltyicle period. Duration of daily activity changed in proportion to
period of Fcycle and phase of entrainment of morning and eveamtigity bouts progressively advanced
with increasing Tcycle period. In contrast to CS, the duration of evening activiBdihflies (only
prominent daily activity bout ifPdf’) did not change with ‘Eycle period. IrPdF flies too, the phase of
entrairment of evening activity advanced progressively with increasiogcle period. However,
interestingly the evening activity occurred after a constant interval of ~ 16 hours followingpligimsl|

the T-cycles, suggesting that tRelf clock starts alights-off every cycle. Loss of PDF thus appears to
turn the clock into an hotglass like timer. PDF signalling is known to regulate the phase of daily activity
bouts through resetting the molecular oscillator and also by modulating the oscillator mgpranHere

we present PERIOD staining in clock neurons of CSRdftiflies entrained to T24 and T32 LD cycles to
test if PERIOD oscillations iRdP flies correlate with their strongly advanced phase of evening activity
in T32.
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Coupling and spatiotemporal pattern formation in the mammalian circadian clock
Christoph Schmal

Institute for Theoretical Biology, Charité Universitatsmedizin Berlin, Philippstr. £30D15, Berlin

The mammalian circadian master clock, the suprachiasmatic n(8IEDNY, can be seen as a complex

system of coupled oscillators. Heterogeneous couplings lead to an emergent behavior at the network level
that can be quite different from the corresponding behavior of the isolated single cell. Mutual inter

cellular coupling lead to precision at the tissue level of the SCN and recover rhythmicity from

genetically modified clocks that are arrhythmic at the single cellular level. Furthermore, the type of
coupling is believed to be responsible for the encoding of seasonaj mfidnmation. However, the

topology, strength, and type of coupling is debated in many cases.

In order to compare the relative coupling strength between different modifications of the circadian
system, e.g., under different entrainment cues, genetigrpations, or pharmacological treatments, we
propose to systematically relate emergent oscillatory features at the network level in experimental data
and simulated ensembles of coupled oscillators. Additionally, dynamic signatures of spatial organization
are captured via a spatial autocorrelation approach. By this means, we are able to discriminate between
gualitatively different synchronization behaviors (Schmal et al., Submitted).

Importantly, it has been shown that the SCN encodes information of emeénoal signals at the network
level (Azzi et al., Neuron (2017)). The dynamical state of the network determines entrainment properties
(e.g., its phasef-entrainment or amplitude) of the circadian system as a whole. A comparison of such
properties with shulation results from generic oscillator models helps to deduce the underlying network
state from experimental entrainment data (Schmal et al., Frontiers in Neurology (2015)).
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Retinal dopamine, circadian rhythms, and metabolism
P. Michael luvone

Emory University School of Medicine, Atlanta, GA, USA

Dopamine is synthesized in and released from a subtype of retinal amacrine cell. Release is stimulated by
light and modulated by circadian clocks. Retinal dopamine neurons contain all six caclonlcgkenes.
Dopamine has been shown to regulate circadian rhythms of retinal function, including photopic ERG
responses and contrast sensitivity, and to modulate retinal melatonin production. This presentation will
describe studies exploring the effétrupting dopamine signaling on retinal gene expression and the
effects of diabetes on dopamine and visual function. Retinal transcriptome analysis of mice lacking the
dopamine D4 receptor®(d4-/- mice) and littermate controls identified over 100 gghes are

differentially expressed. Of the top 60 differentially expressed genes, the majority had been previously
identified as clocikcontrolled genes. Of the genes verified byRTIR, we found that their expression
rhythms were damped or shifted. Saeten of the differentialhlexpressed genes are associated with
metabolic disorders, and some of these encode mitochondrial proteins. Mice made diabetic with
streptozotocin (STZ) have reduced retinal dopamine and an early onset impairment of viswad. functi
The visual function deficits of STZ mice are phenocopied by conditional deletion of retinal tyrosine
hydroxylase, the ratmiting enzyme in dopamine biosynthesis, and are reversed by treatmentwith L
DOPA to increase dopamine synthesis. Thesetsesullectively indicate that dopamine in the retina

plays important roles in regulating metabolism and visual function.
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Disruption of circadian cardiovascular rhythms and endocrine control by light at night in
normotensive and spontaneously hypeensive rats

Zeman M., Okuliarova M., Sutovska H., Molcan L

Comenius University Bratislava, Faculty of Natural Sciences, Department of Animal Physiology and Ethology,
Bratislava, Slovak Republic

Light at night (LAN) has increased dramatically over lEstyears. Epidemiological studies suggest that

LAN may have adverse effects on health and represents a risk factor for diseases, such as cancer,
metabolic syndrome, depression etc. Underlying physiological mechanisms are not known and animal
studies identying key pathways are needed. We explored effects of LAN on cardiovascular parameters
and selected hormones in hormotensive and spontaneously hypertensive rats (SHR). Rats (n=66) were
exposed to LD 12:12, and LAN groups were exposed to low intensitylightux) during the darktime

for 5 weeks. Body weight, food and water consumption were monitored and melatonin and corticosterone
were measured in plasma. In rats exposed to ALAN (7/group) blood pressure (BP), heart rate (HR) and
locomotor activity wereneasured by radiotelemetry (DSI, USA) and circadian oscillations were

evaluated. Moreover, the response of cardiovascular parameters to norepinephrine was monitored during
the dark and lighttime after 2 and 5 weeks of LAN exposure. We found suppressgidhdamelatonin

and increased corticosterone concentrations after LAN exposure. LAN increased BP in SHR but not in
normotensive rats and resulted in decreased HR and LA in normotensive but not in hypertensive rats.
Under control conditions, normotensivesrhad higher circadian and lower ultradian oscillations than
hypertensive rats. Circadian oscillations in normotensive and ultradian oscillations in hypertensive rats
decreased after exposure to LAN. Response of BP to norepinephrine administratiorr@gdatpd in

SHR rat during their passive phase after 2 weeks of LAN exposure while in normotensive rats the
increase was outlined only after 5 weeks of exposure. Disruption of cardiovascular parameters was more
severe in hypertensive than normotensive.r@ur results suggest that LAN can have more pronounced
consequences on hypertensive individuals and therefore other comorbidities should be also considered
when consequences of LAN on human health are evaluated.

Supported by grants: APVV 029P, VEGA 10557/15
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Holding mice at an environmental photic cycle that matches their endogenous circadian
rhythm period length prevents diet induced obesity
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Circadian regulation and energy homeostasis are interconnected: disruption of the former is accompanied
by higher susceptibility to diehduced obesity (DIO) due to feeding on higih diet (HFD).

Endogenous circadian rhythms show a period lengthtdu) that usually deviates from 24h.
Descriptive studies have shown that deviatiotaaffrom 24-h is in correlation with mice intestrain
susceptibility to DIO. These studies support our hypothesis that a lack of resonance tetagdn
environmental periotength exacts a metabolic cost increasing susceptibility to DIO. However, this
hypothesis has never tested in a controlled setup. Our goal was to conduct controlled animal experiments
designed to directly examine whether the deviatiotawfrom the envionmental photic cycle is

associated with higher susceptibility to DIO. This hypothesis was tested by comparing newborn female
FVB/N mice rate of DIO under two symmetrical (heHrk halflight hours) photic regimes: a 237

photic cycle that matches théau, and a 24h photic cycle. When raised undetaarmismatching 24

photic cycle, female FVB/N mice develop DIO. However, when raised undetdbairatching 23.7h

photic cycle, DIO was prevented. Mice fed a HFD had a significantly lower body vesighat % under
atau-matching 23.7h photic cycle vs. gau-mismatching regular 28 photic cycle. As far as we know,

this is the first controlled experiment showing that having a2#h period length of thendogenous

circadian rhythmenhances the propensity to DIO under the reguldr @dotic cycle. Our results offer a

novel risk factor to obesity that justify the identification of biomarkers relatelitior clinical use as a
diagnostic risk factor for obesity; and an experimepgaadigm for the development of novel, clock

related pharmaceutical prophylactic/therapeutic interventions to reduce the gap between internal and
external circadian rhythms, and hence reduce the prevalence of obesity.

27


mailto:roeeg@migal.org.il

S7.4

Light at night acutely impair s glucose tolerance in a time intensity- and wavelength
dependent manner in rats

AnneLoes Opperhuizér, Dirk J. Stenvers’, Remi D. JansépEwout Foppef?®, Eric Flierg, Andries
Kalsbeek??

Hypothalamic Integration Mechanisms, Netherlands Institute for Neuroscience (NIN), Meibergdreef 47, 1105 BA,
Amsterdam, the Netherland®epartment of Endocrinology and Metabolism, Academic Medical Center (AMC)
University of Amsterdam, Amsterdam, the Ndtinds;? Laboratory of Endocrinology, Department of Clinical
Chemistry, Academic Medical Centre (AMC) University of Amsterdam, Amsterdam, the Netherlands

Aims/hypothesiExposureo light at night (LAN) hasincreasediramaticallyin recentdecadesAnimal
studieshaveshownthatchronicdim LAN inducedobesityandglucoseintoleranceFurthermoreseveral
studiesn humanshavedemonstratethatchronicexposureo artificial LAN may haveadversehealth
effectswith anincreasedisk of metabolicdisordersjncludingtype 2 diabetesilt is well-knownthatacute
exposurdo LAN affectsbiologicalclock function,hormonesecretiorandthe activity of theautonomic
nervoussystem,but dataon the effectsof LAN on glucosehomeostasiarelacking. This studyaimedto
investigatehe acuteeffectsof LAN on glucosemetabolism.

MethodsMale Wistarratsweresubjectedo i.v. glucoseor insulintoleranceestswhile exposedo 2 h of
LAN in theearlyor late darkphaseln subsequergxperimentsdifferentlight intensitiesand
wavelengthsvereused.

Resultd AN exposureearlyin thedarkphaseat ZT15 causedncreasedjlucoseresponseduringthefirst
20 minutesafterglucosenfusion(p<0.001),wheread AN exposureatthe endof thedarkphaseat
ZT21,causedncreasednsulinresponseduringthefirst 10 minutes(p<0.01),indicatingthat LAN
immediatelyinducesglucoseintolerancean rats.Subsequergxperimentslemonstratethatthe effectof
LAN wasbothintensity andwavelengthdependentwhite light of 50 and1501x inducedgreatemlucose
responsethan5 and201x, whereasall intensitiesput5 Ix, reducedocomotoractivity. Greenlight
inducedglucoseintoleranceput redandbluelight did not, suggestingheinvolvementof a specific
retind brainpathway.

Conclusions/interpretatioiiogetherthesedatashowthatexposuréo LAN hasacuteadversesffectson
glucosemetabolismin atime-, intensity andwavelengthdepadentmanner.
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Interaction of Tissue and Circadian Transcriptional Regulatory Landscapes
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Temporal control of physiology ggires the interplay between gene networks involved in daily
timekeeping and tissue function across different organs. The circadian clock ticks in virtually all cells of
the body and synchronizes cellular processes with environmental cycles. In addhisrutmquitous
oscillator, different tissues express distinct transcriptional programs. How the circadian oscillator
interweaves into these transcriptional programs is not well understood. Here we disentangled temporal
and tissue regulatory landscapesattiple layers of gene regulation by examining mouse tissues with
intact or disrupted clock over time. Our analysis integrated new and published data, combining
chromosome conformation, DNakbypersensitivity, transcriptome, and nuclear proteome tttifgle
regulatory modules underlying rhythmic gene expression in subsets of tissueswitksisochronous
rhythms involved a set of both clodependent antindependent rhythmically active transcription

factors (TFs). Analysis of genes rhythmic in oahe tissue uncovered two distinct regulatory modes
underlying tissuespecific rhythms: tissuspecific rhythmically active TFs, which regulated genes
underlying feedingasting rhythms in liver and sodium homeostasis in kidneyocalized binding of

clock (ROR/REMERB) and tissuspecific TFs (FOXA/ONECUT) at distal enhancers. To gain insights
on the function of these enhancers, we performed chromosome conformation capteq)(dc

candidate promoters in liver and kidney, which identified fs@ecific chromatin loops linking enhancers

to promoters to drive rhythmic gene expression. RemarkabhkgetCon alternative rhythmic and non
rhythmic transcription start sites (TSSs) uncovered+sparcific chromatin loops that formed specifically
with the rhyhmic TSS, but excluded the nearby wbgthmic alternative TSS. Our data suggest that
precise chromatin folding enables the clock to contact promoters and regulate rhythmic gene expression
in a tissuespecific manner.
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Body temperature cycles controrhythmic alternative splicing in mammals
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The core body temperature of all mammals oscillates with the time of the day. However, direct molecular
conseqguences of small, physiological changes in body temperature remain largely elusive. Here we show

that body temperature cycles drive rhythmic SRginophosphorylation to control an alternative splicing

program. A temperature change of 1°C is sufficient to induce a concerted splicing switch in a large group

of functionally related genes, rendering this splidiaged thermometer much more sensitinaat

previously described temperattsee nsi ng mechani sms. Al ter ndniRi ve spl i
of theTATAbox binding proteir{Tbp) highlights the general impact of this mechanism, as it results in

rhythmic TBP protein levels with implicationerfglobal gene expressiamvivo. Together our data

establish body temperature driven alternative splicing as a novel, corérdeglendent oscillator in

mammalian peripheral clocks.

30



S8.3

Calmodulin is involved in Cryptochrome-mediated signaling to he circadian clock
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In Drosophila,the circadian photorecept@ryptochromgdCRY) has a weklestablishedole in the light
synchronization pathway, promoting ligtiépendent Timeless degradation. Recent findings have
uncovered its involvement in the phototransduction pathway in the retinal photorecepitggadts with
INAD, the scaffolding protein thairganizes the Signalplex in flies, and modulates visual coding
efficiency. We had previously identified a Calmodulin (CaM) binding motif in INAD, necessary for the
CRY-INAD interaction. A multiple disciplinary approachn (silico analysis, Y2Hjn vitro binding and

Co-IP) has allowed us to deeply characterize this binding motif and show that also dCRY possesses a
functional CaM binding sitaVe have also hints that the CaM bound to dCRY can activate a CaM kinase
present in the complex.

In mammals, Cryptoclmes act as negative transcriptional regulators of the circadian tiegkinteract

with Period forming heterodimers that inhibit their own transcriptional activators, Clock and Bmal.
However the nature of theansduction signaling involvinGRYs remais largely unknownSimilarly to

what observed iDbrosophilg we have identified the mammalian multiple PDZ domain containing protein
(MUPP1 or MPDZ) as a novel binding partner of hCRY2. The latter binds specifically to the 8th PDZ
domain of MUPPL1, in which CaM binding domain is present. Byvitro binding and Y2H assay we

have shown that CaM indeed interacts with both MUPP1 and hCRY2. The scaffolding protein MUPP1 is
part of multiple membrane receptor complexes, including the one formed by melatoptoréc®©ur
findings identify a new binding partner for hCRY2, providing potential new insight on its hormonal
regulation.
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The RNA-binding protein NONO coordinates hepatic adaptation to cycles of feeding and
fasting

Giorgia Benegiam@, Ludovic S. Muré, Hiep L&, Steven A. Browh Satchidananda Parfda

1. Institute of Pharmacology and Toxicology, University of Zurich, Winterthurerstrasse 190, 8057 Zurich
(Switzerland); 2. Salk Institute for Biological Studies, 10010, North Torrey Roed, La Jolla, CA, USA, 92037

Diurnal rhythms in gene expression are crucial for driving physiological adaptations to daily cycles of
feeding and fasting. Yet, the mechanisms by which feeding and fasting drive rhythmic gene expression
are not well understood. The nuclear RRifding potein NONO has been shown to affect circadian
rhythmicity in mammals, however its specific function remains unknown. We discovered that, upon
feeding, NONO accumulates within spechle structures in livecell nuclei. Combining RNA
immunoprecipitation iad sequencing (REeq), we found that NONO RNBinding activity increases

after feeding. We further demonstrate that NONO binds and regulates the rhythmicity of genes involved
in amincacid and glucose metabolism pasinscriptionally. Finally, we founthat disrupted rhythmicity

of NONO target genes has profound metabolic impact. Indesdy” mice exhibit impaired glucose
tolerance and lower hepatic glycogen and lipids. Accordimgigio” mice shift from glucose storage to

fat oxidation. In conclusin, our study demonstrates that NONO geatscriptionally coordinates

circadian mRNA expression of anabolic genes with the feeding/fasting cycle, thereby helping to maintain
energy homeostasis.
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Consequences of hypo and hyperthyroidism on circadiaclock genes expression in anterior
pituitary

BargirSouza P, PeliciariGarcia RA&, Nunes Mt

lnstitute of Biomedical Sciences, University of Sdo Paulo, SP, Bistzitphophysiology & Pathology sector,
Department of Biological Sciences, Fedddaliversity of Sdo Paulo, Diadema, SP, Brazil

The hypo and hyperthyroidism alter the secretion of pituitary hormones, which fluctuates in serum
concentration during the 24 h period, however, the interaction between thyroid hormones (THs) and the
intrinsic circadian clock in anterior pituitary is unkmo. This study investigated the expression of

circadian clock and output genes in anterior pituitary in hypo and hyperthyroid conditions and the
possible transcriptional regulation triggered by triiodothyronine (T3) on clock genes. For this, male
Wistarrdad s wer e divided in control, hypothyroid (thyrc
BW, twice a day/5 d). The animals werathanizedvery 3h, during 24h; afterwards the pituitaries were
excised and immediately frozen. The mRNA expression wals@&ed by RIgPCR. One and Twaay

ANOVA, as well as, cosinor analysis were used to evaluate theofiti@y-dependent differential

expression for each gene/group. The T3 transcriptional regulat®maifl promoter activity was

evaluated using Luciferasassay in GH3 cells transfected with moBegallpromoter, bathed in THs
depleted media or supplemented with T3 (0.1 uM). In hypothyroidism, the circadian paenaltf
Per2andTef(Thyrotrophic embryonic factor) expression was lost while the mdddriall, Dio2and

Tefwere altered. In hyperthyroid rats, the expressidBroéll, Clock, Per2, Cryl, Rora, NrldhdTef

was increased, altering the mesor valueBrofllandNrld1lwhen compared to euthyroid values. The
Bmallpromoter activity was reducea the absence of THs, but rapidly increased in the presence of T3
(30 min up to 4h). These results show an alteration of anterior pituitary circadian clock genes expression
in hypo and hyperthyroidism, suggesting that T3 could in fact act as a moaltterclockwork

machinery and consequently alter the rhythmicity of anterior pituitary hormones secretion.

FINANCIAL SUPPORT: FAPESP: 2014/25888; 2016/249417 e 2013/05629
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Modulation of adiponectin production by the circadian clock andduring obesity
Charlotte E. Pelekanou, Angeliki Karamitri, Laura C. Smith, David A. Bechtold

Faculty of Biology, Medicine and Health, University of Manchester, UK

Disruption of the circadian systems, which synchronises behaviour and physiology to the external
environment, has been associated with increased risk of developing obesity and diabetes. A major factor
in obesity related insulin resistance is white adigssele inflammation and dysregulation. Our lab has
recently shown that mice lackifiRpve r bave an obese phenotype, but do not lose insulin sensitivity

nor develop inflammation usually associated with adipose hypertrophy. Moreover, mice Reking b U
have increased serum levels of the high molecular weight (HMW) form of adiponectin, the bioactive form
of this antiinflammatory adipokine. Here, we examine the role of the clock in adiponectin production and
processing under normal and obese conditioresdémonstrate a selective decrease in HMW adiponectin

in dietinduced obese mice, which is associated with dysregulated expression of enzymes involved in the
oligomerization and secretion of adiponectin (including lysyl hydroxylases, PLOD2 and PLOD3).
Importantly, these enzymes also show an altered regulatidRetae r b rhice associated with the

increase production of HMW adiponectin. Moreover, lossof®evb U i s proteeti ve agai
related dysregulation in this oligomerization pathway. Thassiest highlight the role dkeve r larld

the clock in adiponectin production and oligomerization, and suggefRefat r s d novel target in

altering the adiponectin pathway in obesity.

This work is supported through grants from the BBSRC and MRC
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Luteinizing hormone affects expression of clock genes in rat Leydig cells via cAMP
signaling pathway

Aleksandar Z. Baburski, Silvana A. Andric, Tatjana S. Kostic

Laboratory for Reproductive Endocrinology and Signaling, Department of Biologewmidgy, Faculty of
Sciences, University of Novi Sad, Novi Sad, Serbia

Abstract

In mammals, growing body of evidence indicates that the circadian clock regulates serum concentrations
of many reproductive hormones including testosterone. Although the association between circadian
rhythms and testosterone is a legjablished phenomemahe data concerning the presence and the role

of clock elements in testis were questionable and sometimes disputative. Previously, we characterized
pattern of circadian transcription of core clock genes in testostprodecing Leydig cells (LCs). Here

we wanted to examine potential role of AMP signaling pathway in resetting of peripheral circadian
clock in LCs. In vitro activation of LH receptor in primary culture of LCs by hCG (LH analog) led to the
changes in transcription of many clock genesdgplation of Perl, Dec1/2, Rorb, E4bp4 and
downregulation of Bmall, Npas2, Revba/b). Elevation in transcription of Perl and Dec1/2 genes
happened within the first 30 minutes to 1h after adding hCG, and in case of Perl and Dec2 was back to
normal afted hour s. Further, sti mul a<AM® shovwedl comppatibimar y L CO
pattern of transcriptional changes as previous, indicating the role of cAMP in mediating the response of
clock genes to LHR activation. To see if in vivo disruption of¢AMP signaling can affect expression

of clock genes in LC, we used hypogonadotropic hipogonadal rats. The model was characterized with
very low level (with lost rhythmicity) of serum LH and testosterone and in intracellular cAMP.

Disruption of LHCAMP signhaling in this model led to increase in transcription of many clock genes

(Per2, Decl, Rorb, Rezrbb, E4bp4, HIf, Tef) and decrease in transcription of Npas2. Altogether, LH
cAMP signaling pathway may affect expression of clock genes in LC both in mdrmavivo. The
results also suggest potenti al role of LH in rese
transcription.
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Chronomics of Neurodegeneration in Aging and Parkinson disease

Anita Jagota

Neurobiology and Molecular Chronobiology laboratoBgpartment of Animal Biology, School of Life Sciences,
University of Hyderabad, Hyderab&&D0 046, India.

The agerelated neurodegenerative disorders in the elderly have increased dramaticallytpanaliease

in longevity limiting quality of life. The ageelated sleep disturbances have been attributed to circadian
dysfunction. Par ki nsonds di sease ( PD) i s age re
degeneration of dopaminergic neurimghe Substantia nigra pars compacta (SNpC). The suprachiasmatic
nucleus (SCN) in hypothalamus contains a hghtrained circadian clock involved in regulation of
neuronal, endocrine and behavioral rhythms through the expression of various clocktgegektes the
rhythmic production and release of serotonin derivative, melatonin (messenger of darkness) from pineal
gland via multisynaptic efferent pathways. This involves close interaction of core circadian machinery with
a network of interconnectedhnscriptional and translational feedback loops. We have studied purturbences
in the functional integrity of circadian system with the neural degenerative changes in agRrujerahe

i nduced Parkinsonbés disease ( RI RdJjlteratioast invariausl e | . Ct
serotonin  metabolism components (Tryptophan (TRP)Hyd&oxytryptophan (84TP), 5
hydroxytryptamine (84T, Serotonin), Nacetylserotonin (NAS), Mcetyl 5methoxytryptamine
(Melatonin, MEL), 5hydroxyindoleacetic acid ¢(BlIAA), 5-methoxyindole acét acid (5MIAA), 5-
hydroxytryptophol (BHTOH), 5methoxytryptophol 8MTOH) and Nacetyltryptamine (NAT)); gene
expression for various clock genes suchhamll, perl, per2, cryl and cry2-D protein profiles and
locomotor activityin SCN,Pineal andSNpC were studied at variable time points in 3 age groups 3 (adult),
12, and 24 months old male Wistar rats and RIPD rat model indagkt conditions (LD 12:12).
Stoichiometric alterations obtained in the levels and chronomics of various serotonin raetaboli
components and clock gene expression using correlation analysis; proteome analysis using MALDI
TOF/TOF in relation to locomotor activity profiles have lead to identification of candidate biomarkers of
aging and neurodegeneration which will help in tingenovel treatments of circadian dysfunction for age
induced disorders and PD .

Acknowledgement:The work is supported by DBT, DST, UGC and ICMR grant of Govt. of India to AJ.
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The Klokwerk study: a detailed assessment of differences in digthysical activity, and
exposure to daylight between night and day shifts and their impact on alertness

Van de Langenberg, Daniél (1,2), Vlaanderen, Jelle (1), Van Kerkhof, Linda, Rookus, Matti (3), and
Vermeulen, Roel (1)

1) IRAS, Institute for Riskssessment Sciences, Utrecht University, the Netherlands; (2) RIVM, National Institute
for Public Health and the Environment, the Netherlands; (3) NKI, Netherlands Cancer Institute, the Netherlands

Background and aim Night-shift work comprises a complanixture of exposure and lifestyle changes

that, through various pathways, might affect health. Accurate quantification of this mixture is a crucial
step in elucidating how nigighift work could induce health effects. Insight in these exposures and
biological pathways may provide clues for strategies to reduce the impact efhifjlvork.

Methods: We conducted a cressctional study among 239 female nurses, 145 of which regularly
conducted nighshift work. Of these, 69 nighghift workers were intgsively followed for 3x48 hour

(including one night shift session), while 21 atight-shift workers were followed for 2x48 hour. We
collected information via questionnaires (general characteristics, diet, night shift schedule and sleep
quality) and sensdvased measurements of (day)light exposure, physical activity, and sleeping behavior.
We measured alertness with a psychomotor vigilance task (PVT).

Results Night-shift workers had worked night shifts for on average 17 years and reported 7.04 hours of
deep (SD 1.08), whereas day workers reported 7.21 hours of sleep (SD 0.43). During the night shifts
participants had a lower median response time in the PVT (353 milliseconds vs. 367 milliseconds,
p=0.089). Preliminary results among a subset of nursed)ma@cated that nigkshift workers might

have an altered dietary pattern. Although there was no statistically significant difference between night
and day sessions for total energy intake, during the-slgjfitsessions participants consumed more

snacls, had a lower total hours of fasting (10.7 hours versus 12.3 hours during day shifts, p=0.059), had a
higher eating frequency (7 eating moments versus 6 during day shifts, p=0.002), and had a higher intake
in proteins (p=0.144) and (saturated) fat (p=8)05

Conclusion

Preliminary results provide an indication of differences in eating behavior and PVT between day and
night shifts. Ongoing analyses including all measures of exposure and lifestyle changes will provide
perspective on the interpretationtbése differences.
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Exposure to natural bright light as means to boost attentional functioning in young adults
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IOccupational Therapy Department, Faculty of Social Welfare & Health Sciences, University of Haifa,’[dreel;
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Natural light is free, ecological, safe and healthy. Exposure to bright daylight can induce an acute alerting
response and improve cognitive functioning through neuromodulation ofwgkdey circadian,

physiology. The efficacy of light stimulation is deyent on the timef-day it is administered and
individual 6s chronotype. We explored the interact
daylight in the morning hours (compared to office
simple and fourchoice reaction time task®earyLiewald computerized reaction time task in healthy

young adults. Sleewake behavior (chronotype) and sleep quality were subjectively and objectively

assessed using questionnaires (MEQ, PSQI) andniget actigraphy. Each participant experienced both

light conditionsi daylight or office light 45 min exposure prior to RT tests different days of testing,

in a crossover design. Our results show that: (i) on average, when tested under office lighbaonditi

evening chronotype persons were slower in reaction time tasks as compare@vemaog persons; (ii)

exposure to bright day light prior to RT testing closed the gaps in attention abilities, both simple and
sustained, between the groups. We conclbdedxposure to natural bright light during morning hours

may selectively upregulate visual attention in the evening chronotype persons. Given that bright daylight

is almost an unlimited resource, the current experiments provide a data base to modediacel the

understanding of the interactions between complex behavioral pheneragngle and sustained

attention,- and chronebiological factors mediated by light.

Keywords:
Daylight, chronotype, young adults, Visual attention, sustained atteRfion,
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The relationship between a night usage mobile phone and sleep habit and the circadian
typology of Japanese students aged 13 yrs
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This study tries to investigate the current relationship between the habit to use mobile phone and the
diurnal type scale and sleep habitlapanese students. An integrated questionnaire was administered to
555 students aged 43 years old attending university and medical training schools for physical
therapists and medical nurses (average age: 19.8+1.6 years) in 2015. Integrated questiololzid
guestions on sleep habits, the circadian typology, mental health (out of exmtiool, anger, irritation,
depression), meal habits, the diurnal type scale (Torsvall&Akerstedt, 1980). Most of all students have
their own mobile phonesand 96% ot hei r phones are Asmart phoneso.
students of 531 ones used their phones within 30 min per one usage, whereas 180 studeri8 used it 5
hours per one. There have been significantly no differences in the diurnal type scaldsetoethe

durations of usage per one usage. Students who put their own mobile phones near to their body during
night sleep occupied 461 of 543 students, and they were much more eypeitdghan those who put

their mobile phones at places far from bedhe same room (p<0.001). In the cases when night sleep

would almost start, phone calls could come from some person, 102 students of 537 ones soon responded
to it, whereas 200 ones checked the call but did not respond and felt in sleep. These 302v&relents

much more evenintyped than 230 students who did not mention this call without checking it and felt in
sleep (p<0.001). The usual life by the students age2Dj&ars seems to depend on the usage of smart
phones very strictly and may strongly rel&b sleep habits and also night usage of smart phones are
possible to enhance the evenigged life.
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Influences of recovery time and time of day on sleep duration prior work shifts: Analysing
diary and actigraphy data from 14 studies

Axelsson J+4 Sallinen M, Fletcher A & Kecklund G

1) Stress Research Institute, Stockholm University, Stockholm, Sweden; 2) Dept. Clinical Neuroscience, Karolinska
Institutet, Stockholm Sweden; 3) Finnish Institute of Occupational Health, Helsinki, Fidlahdegrated safety
support, Melbourne, Australia

Objectives: Flexible working hours is common and recovery times between shifts vary extensively. It
seems obvious that shorter recovery times curtail sleep duration, but there is a poor understhoding of
time of day affects this relationship.

Methods: The analyses were based on diary and actigraphy data from 328 subjects in 14 data collections
at 11 work sites in Sweden, Finland and Australia, totally rendering data on 4000 sleep episodes. The
recovey times between shifts were used to predict sleep duration before morning, evening and night
shifts using multilevel mixed effects modeling.

Results: Sleep duration was strongly associated to recovery times between shifts, particularly before
evening anadight shifts p=+.31 hours of total sleep time for each hour of recovery time, p=.012; and
b=+.34 hours, p<.001, respectively). More recovery time before morning shifts was also a significant
predictor of sleep duratiot£+.12 hours, p<.001), but this aom of sleep seemed more affected by
schedule specific factors, e.g. the starting time of the morning shift. In addition, sleep duration was
strongly affected by work site and individual differences.

Conclusions: Sleep duration prior shifts are curtdilg@ number of factors including 1) short recovery

times between shifts, 2) circadian influences (most dramatically shortened prior evening and night shifts),
3) shift specific aspects (e.g. charmer times), and 4) individual differences. It is recomdes to

avoid recovery times shorter than 12 hours off between shifts, since it drastically increase the amount of
workers having curtailed sleep.
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Effects of photoperiod on estrous cycle and activity pattern in the Mongolian gerbiMeriones
unguiculatus)
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Female gerbilileriones unguiculatyshas been reported to possess a photoperiod influenced

reproductive state. A mainly nocturnal or bimodal activity rhythm have been described for male gerbils
when sibjected to different light lengthened day, this discrepancy could be due to photoperiod
physiological plasticity response. The aim of this study was to describe the estrous phases duration under
several photoperiod conditions. Estrous cycle (EC), has dresyzed mainly under al2hr:12hr light(L)
dark(D) photoperiod, and reported as mostly irregular. For female gerbils an annual bimodal reproductive
cycle has been reported, maybe correlated to lengthen of the day in their natural habitat. Here, female
gemils were exposed to 8:16, 12:12, 14:10 and 16:8LD conditions. The EC were monitored by vaginal
smears every four hours (ZT) through 3 consecutive cycles, where ZTO was the light onset, and ZT2 the
first samplepoint. Our results show that EC has a doratietween four to five days when in 14:10LD.
Meanwhile, for 8:16, 12:12, and 16:8LD conditions the EC was irregular and mainly unstable With a 3
days span duration. As for the phases, we observe changes in their duration, when compared to 14:10
diestrows (147hr) increased its length under 8:16 (60hr), and 12:12 (61hr) LD; estrous duration for
14:10LD was of 116hr, meanwhile in 16:8LD it was extend to 28hr. A phketsift was reported for

estrous setting ie ZT2in16:8 LD, and ZT22 in 8:16LD when compar&@:i2 and 14:10LD (ZT6).

These results suggest that a similar physiological plasticity response regulates those mechanisms involved
in estrous cycle control.
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Reproduction and estrous cycling in T18 entrainment
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In rodents, the female reproductive system is tightly connected with circadian timing. Precisely timed
signals from the suprachiasmatic nuclei (SCN) are needed to trigger a cascade of neural activation and
endocrine processes that are part of the estyals. cConsequently, circadian disruption has been shown
to lead to decreased fertility. For example, mice exposed to repeated 6 hour advances (clagnic jet
CJL) have fewer successfully completed pregnancies thahittad controls.

We have developeal mouse model of increased circadian flexibility that expands the range of
entrainment and markedly reduced behaviordigjgtafter phase shifts. Using dim light as night (<0.1

lux), as compared to complete darkness, mice rapidly and robustly entrair@dlight:darkcycles

(T18; LD13:5). Here we tested the hypotheses that our model of increased flexibility can prevent
subfertility in non24h environments. In study 1, we compared breeding success between T18, positive
controls (T24) and negative consdICJL). In study 2, estrous cycle length and stability were compared
between mice entrained to T24 and T18 using vaginal lavage.

In contrast to earlier studies, we found no evidence of impaired reproduction as a consequence of
circadian disruption. Neitmamice entrained to T18, nor Gdhice had decreased number of litter, number
of pups per litter or pup weight compared to T24.

Estrous cycles in mice adapted to T18 were on average 1 day longer than cycles of mice entrained to T24.
These findings could &l to the development of an interesting model to study ovulatory control and
interactions between hypothalamic circuits.
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A combination of circadian entrainment and plasticity regulates behavioral seasonality in a
sub-tropical organism
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Organisms living in temperate climates are exposed to seasonal differences in photoperiods,
thermoperiods, and average daily temperature. In response, organisms may modulate their biology in a
seasonal mamm. The Anopheles stephensiosquito is a sulropical southern Asian malaria vector that
displays predominantly nocturnal behavior; a very pronounced nightly onset of activity; and interestingly,
a shift to earlier nightly biting time during the coldenter months. In the laboratory, we observe a

similar shift towards earlier onset of flight activity in the winter, which is demonstrated by alternating
simulated winter and summer environmental temperatures and photoperiods. To investigate what specific
cue might be driving this seasonal shift in biting/activity onset time, we generated actograms of
mosquitoes under different static temperatures and humidities, photoperiods, thermoperiods, amplitudes
of daily temperature cycles, and thermoperiod/photoggidys)synchronies. Surprisingly, we find that

neither static ambient temperature nor photoperiod shifted the onset of activity. However, altering the
amplitude of the daily thermocycle did result in a shift in onset of activity, but a summer phot@metiod

a winter temperature amplitude could not induce a shift to a full winter phenotype. Further, a desynchrony
between temperature and light (e.g. a winter thermoperiod and summer photoperiod) also shifted onset of
activity earlier, but again not to thetert of a full winter phenotype. Our results indicate that nightly time

of onset in this species is highly plastic, and incorporates input from photoperiod, thermoperiod, and daily
temperature cycles.
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Kisspeptin and RFRP3 neuropeptides: fronreproduction to metabolism
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Phodopus Sungorus an animal that has adapted its reproduction according to the seasons, being

sexually active during long summer days (LD) and inactive during short winter days (SD). Moreover,

their body weight and food intake, two metabolic parameters, are also tnadepgriodic regulation,

with decreased body weight (BW) and food intake (FI) in SD. In parallel, kisspeptin (Kp) and RFRP3,

two hypothalamic neuropeptides involved in the central control of reproduction, show a strong

photoperiodic variation.

Since the Wipothalamus is a key structure not only for the central regulation of reproduction, but also for
energy metabolism, we wondered whether the variation in RFRP3 and Kp could also be involved in the
photoperiodic regul ati on thidhypothesisweahalkengedrthé-SD BW and
adapted hamster6s met abol i s m-3vurtdata irdicatelthatcRBRP8 | nf u s
displays significant metabolic effects inducing an increase in Fl, BW and plasma leptin. Chronic Kp also
increased BWan effect that appeared to be sex hormogiated because castration blocked the effects of

Kp on BW gain.

In order to investigate the central targets of Kp and RFRP3, we performed acute injections of RFRP3.

Our results of the in situ hybridization ansilyconfirmed the acute orexigenic effect of RFRP3 as

indicated by the increased NPY and orexin mRNA expression. On the other hand chronic infusion of Kp
caused a regulation of POMC mRNA in the same direction as that of LD control animals.

Altogether our dta suggest that Kisspeptin and RFRP3 modulate seasonal energy metabolism probably

via two different mechanisms; kisspeptin acting through the POMC neurons and in a sex steroid

dependent manner, whereas RFRP3 increases food intake and body weight ngdéhithtimetabolism

via the activation of the NP®rexin system.

AAcknowl edgement: With the support of the NeuroTi
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The diurnal rhythm of adipose tissue gene expression is reduced in obese patients viyihe
2 diabetes
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Animal studies have shown that genetic modification of the molecular clock can induce metabolic
syndrome, and that increasing clock rhythm amplitude with the small molecule nobiletin is tineeffec
treatment for obesity and type 2 diabetes. There is no evidence so far of altered molecular clock rhythms
in humans with the metabolic syndrome.

We compared diurnal mRNA expression profiles in subcutaneous adipose tissue, between obese patients
with type 2 diabetes and agsatched healthy lean control subjects, using RNA sequencing and Ingenuity
Pathway Analysis. We also assessed the diurnal rhiytfpostprandial glucose tolerance. All subjects
received three identical mixed meals per day at evenly spaced time points.

In patients, 1.8% (303 transcripts) of expressed transcripts showed significant diurnal rhythms, compared
to 8.4% (1421 transcrigtin healthy subjects. The core clock genes showed reduced amplitude rhythms

in patients compared to healthy subjects. 184 genes showed a rhythm in both groups, and enriched
canonical pathways for these common rhythmic genes inckidetlian rhythm signing and

adipogenesisin patients, many genes of the metabolic canonical pathidi?K signalingandcAMP

mediated signalinghowed a loss of diurnal rhythmicity. Furthermore, patients with type 2 diabetes
showed a complete loss of the diurnal rhythmadatprandial glucose excursions.

We provide the first evidence of decreased diurnal rhythms of clock genes and metabolic pathways in
subcutaneous adipose tissue of obese patients with type 2 diabetes.
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Sympathetic nerves regulate rhythmic leukocya recruitment to arteries and veins
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Recent evidence points to a critical role of the tohelay in the regulation of leukocyte recruitment to
tissues. Usingn vivo quantitative imaging analyses across the day in inflammatory scenarios, we
observed circadian (~24h) leukocyte recruitment in arteries and veins of the aratroicrovasculature.
Interestingly however, while in arteries the number of adherent celleg@akhe morning, in veins it
peaked at night. These differences were functionally associated with atypsssecific oscillatory

pattern in the expression of the adhesion molecule 1AMt not of other promigratory molecules or
clock genes. ICAML-deficient mice lacked rhythmic leukocyte adhesion in both arteries and veins,
which was also observed in studies using functional IEAMocking antibodies. Since the sympathetic
nervous system (SNS) is an important orchestrator of rhythmicity in pealphssues, we disrupted the
SNS systemically by-©@HDA treatment. This resulted in a lack of oscillations in both arteries and veins.
To assess the functional role of direct sympathetic innervation in this process, we surgically denervated
sympathetic inpt to vessels locally by unilaterally cutting the superior cervical ganglion. While the
contralateral, nervntact sides still exhibited rhythmicity in both leukocyte adhesion and IdAM
expression, local denervation resulted in a loss of oscillatiomslaBresults were obtained by
administration of beta adrenergic receptor antagonists. Interestingly, whemNgg&iGge x Bmalf*/x

mice, in which the core clock geBenalland thus rhythmicity was selectively deleted in arteriolarNg2
pericytes anablation of the oscillations was observed in both arteries and veins. Thus, using
pharmacological, surgical and genetic approaatasgata point to an important role of arteries in
regulating rhythmic leukocyte recruitment to veins
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Synchronized skeletal myotubes of lean, obese and type 2 diabetic donors maintain
circadian oscillation of clock genes

J. Hanseh S. Timmer§ E. MoonerKornips', H. DueZ3# B. Stael$34 M.K.C. Hesselink P.
Schrauweh

Department of Human Biolggand Human Movement Sciendes,TRIM School for Nutrition and Translational
Research in Metabolism, Maastricht University Medical Center, Maastricht, The Netherdmstisut Pasteur de

Lille, Lille, France.3Institut National de la Santé et de la Recherche Médicale Unité Mixte de Recherche 1011, Lille,
France.*Univ. Lille, European Genomic Institute for Diabetes, Lille, France

Cell and animal studies have demonstrated that circadian rhythm is governedrimyraaus rhythmicity

of clock genes. Although disturbances in circadian rhythm have been implicated in metabolic disease
development, it remains unknown whether muscle circadian rhythm is altered in human models of type 2
diabetes. Here we used human prynayotubes (HPM) to investigate if rhythmicity of cleand

metabolic gene expression is altered in donors with obesity or type 2 diabetes compared to metabolically
healthy donors. HPM were obtained from skeletal muscle biopsies of four groups: tgpetkdiatients

and their BMt and agematched obese controls and from lean, healthy and young endurance trained
athletes and their agaatched sedentary controls. HPM were differentiated for 7 days before
synchronization by serum shock followed by gengression profiling over the next 72 hours. HPM

display robust circadian rhythms in clock genes, but REVERBA displayed dampened rhythmicity in type
2 diabetes. Furthermore, rhythmicity in NAMPT and SIRT1 expression was only observed in HPM from
trained athétes. Rhythmicity in expression of keggulators of carbohydrate and lipid metabolism was
modest. We demonstrate that in human skeletal muscle REVERBA/B, NAMPT and SIRT1 circadian
rhythms are affected in donors of sedentary life style and poor healtb. stat

47



S12.4

Measuring time in adipocytes- The effect of insulin on clock gene expression
N. Tuvia*, A.F.H. Pfeiffe?, A. Kramet
ICharité Universitatsmedizin Berlin, Germany, Laboratory of Chronobiolé®gpt. Clinical Nutrition, German

Institute of Human Nutrition (DIfE), PotsdaRehbruecke, Germany
* Corresponding Authorneta.tuvia@charite.de

Obesity is a critical risk factor for a number of chrodigeases including diabetes mellitus type 2,
cardiovascular diseases and cancer. Accordingly, adipose tissue biology has received increased attention.
White adipose tissue (WAT) is now identified as a dynamic organ regulating body-wgligbbse

homeostais and systemic inflammation. Importantly, WAT underlies the hierarchy of the circadian
system. It is known that feeding is a major synchronizer of the circadian clock in peripheral tissues. Little
is known, howeverabout the underlying mechanisrifge tested, whether the postprandial hormone,

insulin, can influence circadian dynamics in adipose tissue and in adipocytes specifically. Using
epididymal fat of PER2::LUCIFERASE knockin reporter mice we show a substantial increase of PER2
protein expression aft insulin stimulation. Further, we observe a subsequent shift in the circadian
rhythmicity of PER2, whose extent is dependent on the phase of insulin stimulation. We also show that
per2mRNA expression is upegulated upon insulin treatment in 3T3L1 adytes. This implies that

insulin synchronizes the clock on both protein and mRNA level. We hypothéisaeddsulin acts on
Per2expressiorvia the cAMP response element (CRIBcated in thger2 promoter.Our data show,

however that insulin mediated induction per2expression is likely be mediated by other factors. The E
Box located upstream of the transcriptional starting site seems as well to not play a role in the regulation
of per2 Using truncated reporter constructs wstéd which of theer2 promoter regions are important

for the insulinmediated induction to illuminate feeding mediated clegichronizing pathways.
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Circadian clock protein Period3 contributes to sleeghomeostasighrough histamine and GABA
signaling in zebrafish

Zhaomin Zhong, Yanging Zhang, Xiaona Xu, Han Wang

Center for Circadian Clocks, Soochow University, Suzhou, China

The zebrafish@anio rerio) has figured prominently as a vertebrate model for studying circadian clocks
and sleept is known that both the homeostatic process (S) and the circadian process (C) contribute to
regulation of sleep homeostasis. While we have a good understanding of circadian regulation, relatively
little is known about molecular mechanisms underlying circadian regulation of sleep homeostasis and/or
interaction between the circadian clock system and sleep wéereported characterization of zebrafish
period3(per3 null mutants generated by TALENocomador assays showed thatr3mutant fish

display 0.5hour shortened period and approximatelyddir phase advance compared with wild types

under constant dark, and are completely arrhythmic under constant light; apdrals@erlbandper2

are downreguhlted inper3mutant fish; indicating thaier3is essential for zebrafish circadian regulation.
Intriguingly, per3mutant fish display less sleep time, elevated arousal threshold and difficulty to restore
sleep after sleep deprivation. As shown by ELIS¥&, GABA level is reduced while the histamine level

is increased iper3mutant fish at nightime, indicating that the disturbed sleep patterpesB mutant

fish may be resulted from altered levels of endogenous GABA and histamine. Deep seedn@seing
transcriptome analysis leads us to focus on two candidate genes, GABA A receptbiogaaad

histamine decarboxylase geméc both upregulated in th@er3mutant fish. Luciferase reporter assays
showed that bottho2aandhdcare circadian clockontrdled genes and Per3 negatively regulates their
expression. Taken together, these results ascerta
demonstrate that Per3 acts through both histamine signaling and GABA signaling to contribee to sle
regulation, and provide an ideal sleep disorder vertebrate model for drug screen and pathogenesis
analysis.
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Up-frameshift protein UPF1 regulatesNeurospora crassaircadian and diurnal growth
rhythms

Yilan Wu, **Yin Zhang, ** Yunpeng Sun, 3iali Yu, * Peiliang Wangd; Huan Ma, *Shijunyin Chen, *
Lizhen Ma, * Dongyan@hang,* Qun He’ and Jinhu Gud

* Key Laboratory of Gene Engineering of the Ministry of Education, School of Life Sciences, State Key Laboratory
of Biocontrol, Sun Yasen University, Guangzhou 510006, China &8igite Key Laboratory of Agrobiotechnology

and MOA Key Laboratory of Soil Elobiology, College of Biological Sciences, China Agricultural University,

Beijing 100083, China

1 These authors contributed equally to this work.

2 Corresponding author: 401 School of Life Sciences, Suseratniversity, Guangzhou 510006m&il;
guojinhu@mail.sysu.edu.cn

ABSTRACT Nonsensenediated RNA decay (NMD) is a crucial pastnscriptional regulatory
mechanism that recognizes and eliminates aberrantly processed transcripts, and medigiestiene

of normal gene transcripts. In this study, we report that in the filamentous tNegusspora crassahe
NMD factors play a conserved role in regulating the surveillance of NMD targets including PTC
containing transcripts and normal transcriftise circadian rhythms in all of thgfl-3 knockout strains,
which are critical NMD factors, were disrupted. Tupl knockout strain displays a shortened circadian
period, which can be restored by constantly expressing exogenous UPF1. UPF1 regulates the circadian
clock by modulating the splicing of the core clock géeguencyfrq) through spliceosome components
and Arginine/serinerich splicing factors, which partly account for the short periods inpfitknockout
strain. We also demonstrated that the clock genes includind W{C-2 and FRQ are involved in
controlling the diurnal growth rhythm, and UPF1 may afteetgrowth rhythm by mediating the FRQ
protein levels in the daytime. These findings suggest that the NMD factors play important roles in
regulating the circadian clock and diurnal growth rhythm€énrospora

KEYWORDS NMD; Neurospora crassaircadian tock; frg; alternative splicing; diurnal rhythm
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Discovery of circadian clock modulators
Xiaowen Xi&, Weilin Zhang, Luhua Lai*®"

aCenter for Quantitative Biology, Peking University, Beijing, China,1008Z&nter for Life Science, Peking
University, Beijing, China,10087XCollege of Chemistry and Molecular Engineering, State Key Laboratory for
Structural Chemistry of Unstable and Stable Spe@&bi,MS,Peking University, Beijing, China, 100871

*Email: Ihlai@pku.edu.cn

Circadian clocks are intrinsic, tirteacking systems that enable organisms to anticipate environmental
changes and allow them to adapt their behavior and physiology to the appropriate timédaiigay.

behavior that are asynchronous with the natural light/dark cycle, such as shift work, jet lag and sleep
deprivation, which are called chronobiology disorders, have been strongly and consistently associated
with a number of chronic diseases, includitigbetes, heart disease, cancer, obesity and some other
metabolism diseases. As a key member of the core circadian network, cryptochrome (CRY) directly
inhibits the expression of phosphoenolpyruvate carboxylase (PCK1) and gidpbesphatase (G6PC),

two essential molecules involved in the gluconeogenesis program in the metabolic network. Until now,
several molecules are found to regulate circadian network, most of them arelgregibeéning ones.
Periodshortening molecules are less common with unctesthanism. Here, we identified potential

allosteric regulation sites of CRY1 based on its crystal structure and molecular dynamics simulations, and
use structurdased virtual screen to discover circadian modulators, especially the-gleoicening

modulaors. Three periotengthening molecules and one pergitbrtening molecule were discovered

using the in vitro binding assay and cell phenotypic functional assay. More interestingly, one modulator
compound caused different phase shift phenotype when dgpldifferent phase time. This suggests that

we can take medicine at different time when we want to phase delay or phase advance dealing with jet
lag. Further molecular mechanism and functional analysis of these compounds are under investigation and
theirinfluences on metabolic diseases will also be explored in the future.

Keywords: Cryptochrome, Circadian clock, Metabolism, Period modulators
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Cry3 mediates circadian regulation of glucose metabolism in zebrafish

Chao Lilt?, Jia H4? Guodong Huang, Mingyong Wang? Zhaomin Zhont? and HarWang-?$

ICenter for Circadian Clocks, Soochow Universyizhou 215123, Jiangsu, Chjrt&chool of Biology & Basic

Medical Sciences, Medical College, Soochow University, Suzhou 21842§su, China

Cryptochromes (CRYs) as membergled DNA photolyase/cryptochrome famfiynction as

blue light photoreceptors, circadian clock regulators, or magnetoreceptors in a wide variety of
living organismsWhile mammals possess CRY1 and CRY2egative components of the
circadian oscillator, nemammalian vertebrates have CRY1, CRY2 and CRY3. The functions of
CRY3, however, are not well understood. We previously observedritgis rhythmically
expressed in zebrafish. Here we report charaeti#wiz of zebrafisttry3 mutants generated with
TALEN. Both locomotor activity rhythms and rhythmic expression of key circadian clock genes
are disrupted ilery3 mutant zebrafish, suggesting that Cry3 is required for maintaining zebrafish
circadian rhythmiity. We also found thaglucokinasggck) andinsulin (ins), two key genes
important in glucose metabolism, are significantly dewgulated ircry3 mutant zebrafish,
implicating that Cry3 likely mediates circadian regulation of glucose metabad«s tightly
regulated by the circadian clock via RRRtediated transcription. Cry3 appears to play roles in
reducing blood glucose concentrations and improving insulin sensitivity. Taken together, our
findings show that Cry3 plays important roles in maintaizielgrafish circadian regulation,
mediates glucose metabolism, and suggest that compounds enhancing Cry3 activity may provide

therapeutic benefits to individuals with type Il diabetes.

$Corresponding authohanwang88@gmail.com or wanghan@suda.edu.cn

Cener for Circadian Clocks, Soochow University, 199 Renai, SIP, Suzhou 215123, Jiangsul €lh#&6
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Rotating Night Shift Work And Co |l or ect al Cancer Risk I n The
(NHS) And NHS Il With 24 Years Of Follow-Up
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1. Channing Division of Network Medicine, Brigham and
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2. Department of Epidemiology, Center of Public Health, Medical Universitjieoh¥, Vienna, Austria
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Animal and human data have suggested that shift work that involvesdian disruption may be
carcinogenic for humans. Most epidemiological studies, to date, have focused on breast cancer and evidence
on other common tumors such as colorectal cancer is scarce. This analysis evaluated the association of
rotating night sHt work and colorectal cancer in two prospective female cohorts, the Nurses” Health Study
(NHS) and NHS I, with 24 years of followp. Colorectal cancer case®re defined as having occurred

during the period between 1988 and 2012 for NHS and from 18&%gihm 2011 for NHS Il. We evaluated

rotating night shift work history and colorectal cancer risk, using Cox proportional hazards models adjusted
for a wide range of potential confounders. A total of 77,470 (NHS) and 113,371 (NHS Il) women were
included inthis analysis, after baseline exclusions. We observed a higher not statistically significant risk
for colorectal cancer with increasing years of rotating night shift work in NFBy€lars: HR 1.05 95% ClI

0.94, 1.17; 1419 years: HR 1.00 95%CI 0.82, 1.2®+ years: HR 1.22 95%Cl 0.98, 1.66) and NHSHI (1

9 years: HR 0.79 95%CI 0.64, 0.97; 10+ years: HR 1.20 95%CI 0.79, 1.82), compared to day workers.
Analysis by tumor anatomical site in NHS revealed differences in risk estimates aftegriond 5+ yeans

rotating night shift work exposure (combined colorectal cancer: HR 1.10; 95% CI 0.51, 2.37; proximal
colon cancer: HR 0.99 95% CI 0.74, 1.33; distal colon cancer: HR 1.25 95%CI 0.85, 1.83; rectum cancer:
HR 1.55 95%CI 1.05, 2.30). We found no overalldevice of an association between ever rotating night

shift work and colorectal cancer risk. Risk modestly increased with shift work duration suggesting that
long-term circadian disruption may be neededdolorectal cancer development.
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Dissecting the role of the circadian clock in the regulation of cell cycle length

Elham Farshadj Jie Yart®, Pierre Leclere®, Karlijn Houkes, Albert Goldbete?;, Inés Chavés
Gijsbertus T.J. van der Hotst

1Department of Molecular Genetics, Erasnursiversity Medical Center, Rotterdam, The Netherlaf@aculté des
Sciences, Université Libre de Bruxelles, Brussels, BeldiDurrent address: Center for Computational Biology,
Soochow University, Suzhou, Chif@urrent address: Institut de Biologi¢alrose, Université Nice Sophia
Antipolis, CNRS, INSERM, Nice, France

Gating of cell division by the circadian clock has been observed in various studies. There is significant
evidence that circadian rhythms affect the timing of cell divigiorivo. Circadian clock disruption,

either by light or genetic mutations, is linked to alterations in the rate of cell proliferagioptosis,

DNA damage and metabolism, and to cancer predispositisimg the NIH3T3¢ mouse fibroblast line

we have previously idgified a tight coupling between the circadian clock and the cell cycle (Feillet et al.
2014, PNAS 111:98283). In order to understand the mechanism underlying this bidirectional coupling,
we have studied the impact of circadian clock deregulation ooy progression dfiIH3T3%C cells.

To this end, we have knocked down eitBemallor Clock and analyzed timing of cell division at the

single cell level (confocal microscopy), as well as at population level (FACS andlyait)vation of
eitherBmallor Clockresulted in a lengthening of the cell cycle, notably S/G2/M phase. Further
molecular analysis revealed reduced levels of Cyclin B1, an important G2/M regulator molecule, upon
inactivation ofBmallor Clockgene expression. Thus, the observedceftenot specific for BMALL or
CLOCK but for the whole positive limb of the circadian core oscillator. In agreement with these
observations, a mathematical simulation of the effe@noéllor Clockknockdown on the coupling

between cell division and the circadian clock also revealed a lengthening of the cell cycle with decreasing
MRNA levels.In conclusion, in the absence of the positive limb of the circadian clock, cell division takes
longer and tIs observed effect is attributable to a delay inNE®&ansition. We are currently analyzing

how the negative limb of the circadian oscillator regulates cell cycle progre®sigoing experiments

will further delineate the mechanism behind the couplingiéen the two cycles.

54



S14.3

Improving sleep quality, psychosocial functioning and cancer related fatigue with light
therapy (SPARKLE): a study protocol

Danielle E.J. StarreveldLaurien A. Daniel$ Heiddis B. Valdimarsdottir William H. Redd: Floor E.
van Leeuweh Eveline M.A. Bleiket

1 Psychosocial Research and Epidemiology, Netherlands Cancer Institute, Amsterdam, the NetReZlaniciat
Oncology, Leiden University Medical Center, Leiden, the Netherla@spartment of Oncologicalc&nces,
Mount Sinai School of Medicine, New York, NY, USA

Background: Cancer related fatigue is a frequently reported symptom in survivors ojHioalgkin

lymphoma (4660%). It is defined as a distressing, persistent and subjective sense of tiredness o
exhaustion related to cancer or its treatment, which is not explained by recent activity and interferes with
daily functioning. A novel and promising intervention to treat this symptom is light therapy. However, the
working mechanisms explaining the effty of this treatment are still unknown. The SPARKLE study

aims to investigate the efficacy of light therapy as a treatment for cancer related fatigue and to explore
possible working mechanisms.

Methods. A multicenter randomized controlled trial will kenducted. Participants will be Hodgkin and
diffuse large Bcell lymphoma survivorsnE160) with moderate to severe fatigue complaints. Participants
will be randomized in two groups: the intervention groosB80) in which participants will be exposed to
bright white light and a control group%80) in which participants will be exposed to dim white light.

Both groups will complete baseline, pastervention, three and nine months folleyy measurements
including questionnaires, actigraphy (7 days), doddand saliva samples. Blood samples will be used

to determine SNPs related to circadian rhythms, vitamin D and inflammation markers. Saliva samples
will be used to measure circadian rhythms of cortisol and melatonin.

Results First results are expect@ud2018.

Discussion This study will provide empirical evidence regarding the efficacy of light therapy for the
treatment of cancer related fatigue. Moreover, it will provide new insights in the relationship between
disruptions in circadian rhythms and canrelated fatigue and possible working mechanisms of light
therapy aiming to decrease fatigue.
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Can perinatal imprinting of circadian clocks and systems (PLICCS) predispose to an
increased risk of cancer?

Philip Lewis & Thomas C. Erren

Institute and Policlinic for Occupational Medicine, Environmental Medicine and Prevention Research, University
Hospital of Cologne, E50938 Cologne, Germany

Circadian clocks and systems pervade almost every cell and tissue in the human body governing the
temporal homeostasis of a host of physiological processes including growth and metabolism.
Neuroendocrine signalling provides the intissue circadian crogslk to synchronise the temporal
organisation of physiology. Unsurprisingly, disruption of circadian organisation can be associated with
many diseases, including cancer. Recent findings in animal models suggest plasticity of human circadian
clocks and sytems may be differentially affected by different paradigms of perinatal photoperiod

exposure [Ciarleglio et al., (201Mat Neuroscil4:257]. In humans, the perinatal photoperiod is

determined by both the season of birth and the latitude of birth. iBagtifissociations between the

timing (month/seasonyr the latitude of birth and a wide range of diseases, including cancer, have been
documented. We hypothesize that photopedssbciated perinatal light imprinting of circadian clocks

and systems (PLIC®) can predispose to an increased risk of cafecenf Oncol.(2017) 7:44:15]. We
systematically reviewed the literature concerning animal models and perinatal light exposure, and cancer
association with season of birwh latitude of birth in humans. loonclusion, our syntheses support the
PLICCS rationaleChronobiol Int(2017) 21:120]. Furthermore, comprehensive epidemiological studies
concerning PLICCS, approximated through combined determinants of perinatal zeitgeber strength such as
timing and latitude of birth, are warranted.
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How do worms sense sun and moon ?Vidual Gilatyi on al C
Opsind as S-ightsensovs Lunar

Vinoth Babu Veedin Rajdh Enrique Arboled4 Christopher GerngrRobert J Lucdsand Kristin
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Statione Bonaire? Institute of Analytical chemistry, University of VienA&ivision ofNeuroscience and

Experimental psychology, University of Manchester

Animals use periodic light changes as a zeitgeber to synchronize its biological processes that in turn

adjust its behaviour. Many, especigddslagueforgheii ne, or
synchronized masspawning event. SimilarlyRlatynereis dumerili{fPdu) a marine polychaete, uses
6solar lightd to entrainnigbtciactcadi ay ahdckblumat

circalunar clock thatontrols the synchronized mass spawning behaviour. How these animals process

such complex light environment to maintain their physiology and behaviour is still unknown.
Platynereigpossess opsitype GPCR as main light sensor, expressesvisaral ciliaryopsin (cOpsinl)

in its deep brain. This enigmatic cOpsinl is an ancestral homolog of vertebrate pineal opsin and human
encephalopsin, which also-expresses with vasotocinergieurosecretory cells and central clock

neurons. Moreover, they form charactéd membrane ramifications throughout dorsal brain area

suggesting its increased photoreceptive capability. The spectral characterization surprisingly found that
only cOpsinl absorbs wavelength peak at 405nm. In addition, analyses from natural envaldighéent

data aplatynereishabitat revealed that intensity difference in wavelengthsi &3hm) during FM

compared to NM serves as a differentiation factor between FM vs NM. These results from spectral and
natural light data hypothesize that cOpsinlldqlay an important role in both solar vs lunar light

detection.

In circadian LD/DD condition as well as in acute photoresponse assay, cOpsinl mutant animals showed
suppressed nocturnal activity. Moreover, cOpsinl mutants could also easily modulate @nimble havi our
under acute illumination changes compared to WT. Further analyzing its role in circalunar

photoreception, these mutantsargrained to FM phasghift @ 405nm and screen for molecular readout

using unbiased proteomic approach. As a resulfpwed that several lunar candidate genes have been
differentially regulated in cOpsinl mutants compared to WT. This unbiased perspective proves that the
novel deep brain photoreceptor 6cOpsinlé acts as
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The circadian clock in immune cells controls the magnitude dfeishmaniaparasite infection
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1. Douglas Mental Health University Institute, McGdlhiversity, Montreal, QC, H4H 1R3, Canada; 2. Chair of
Nutrition and Immunology, Technical University of Munich, Freising, Germany; 3. Maisonfmsamont
Hospital Research Centre, Department of Medicine and Department of Microbiology, Infectiologynamaoliogy,
University of Montreal, Montreal, QC, H1T 2M4, Canada; 4. Department of Medicine, Microbiology and
Immunology, McGill University, and Infectious Diseases and Immunity in Global Health Program, Research
Institute of the McGill University Health @&e, Montréal, QC, H4A 3J1, Canada

The intracellulal.eishmanigparasite uses neutrophils and macrophages as host cells upon infection.
These immune cells harbour their own intrinsic circadian clocks, which influence many aspects of their
functions. Theefore, we tested whether the host circadian clocks regulate the magnitgiehofiania
majorinfection in mice. The extent of parasitic infection varied over 24h in bone maedvwed
macrophages vitro and in twoin vivo models, footpad and peritomaunfection.In vivothis was

paralleled by a time of dagependent neutrophil and macrophage infiltration to the infection site and
rhythmic chemokine expression. Thus, rhythmic parasitic infection obsirvam was likely initiated

by the circadian epression of chemoattractants and the subsequent rhythmic infiltration of neutrophils
and macrophages. Importantly, all rhythms were abolishelbck-deficient macrophagemdwhen
micelacking the circadian clock in immune cells were infected. Thereferdemonstrated a critical role

for the circadian clocks in immune cells in modulating the tiltependent magnitude béishmania

infection. To our knowledge this is the first report showing that the clock controls infection by protozoan
parasites in mamng A better understanding of the timed regulation of-pasasite interactions will

allow developing better prophylactic and therapeutic strategies to fight off \mntoe diseases.

Funding: Canadian Institutes of Health Research
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Functional consequences of conserved circadian rhythms in cellular ion fluxes

Gerben van Ooijen

School of Biological Sciences, University of Edinburgh, Edinburgh, UK

Rhythmic metabolism is achieved in part by cledntrolled gene expression, but certaiatabolic

rhythms are sustained by unknown complementary mechanisms. A fundamental knowledge gap exists
between circadian gene expression and the biochemical mechanisms that allow rhythmic cellular
metabolism. Last year, we reported that circadian rhythrtige intracellular concentration of magnesium
ions act as a cedutonomous timekeeping mechanism that might provide bilateral feedback between
clock-controlled gene expression and rhythmic cellular metabolism. Magnesium rhythms were observed
in evolutianarily diverse eukaryotic cells: a unicellular alga, two mammalian cell types, and a filamentous
fungus, indicating that the fundamental cell biology that underlies timekeeping and rhythmic metabolic
regulation is translatable between eukaryotes. In addit magnesium ions, rhythms exist in other
intracellular ions, like potassium and phosphates. | will provide an update on how we use unicellular
eukaryotic model cells as a starting point for comparative biology to identify the mechanisms that
generatehythmic ion fluxes, as well as their functional consequences for cellular biology.
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Me: Handsome malaria parasite. You: Punctual host that exercises infrequently & loves
dinner. Let's get together

Ai dan J. 1 Kndb&rleynFnReidt, Nicholas J. Savill’ & Sarah E. Reecé

Unstitutes of Evolution, Immunology and Infection Research, University of Edinburgh, Edinburg@edttefor
Immunity, Infection and Evolution, University of Edinburgh, Edinburgh, UK

How biological rhyhms influence the interactions between organisms is poorly understood. That

parasitesind hostslisplay rhythms irbehavioursandimmunity, suggests that rhythms are important

in hostparasiteénteractionsThese interactionsiatter for the outcome of ie€tions,andunderstanding

why they have evolved and how theyegulated could lead to innovatidésease control

measuredMalaria parasites have cyclic developmental rhythms last multiples of 2%ours.The

survival and transmission of malaria psites is determined by whether their developmental rhythms
aresynchronised o t he host és circadian rhythms, but how p
health is poorly understood. We address this using rodent madtasr(odiunthabaud) infections of

wild type (WT) and arrhythmic clock mutant (Per1/2 double knock out) mi¥e.compare parasite and

host rhythms iWT mice kept in LD and DDwith rhythms observed in mutant mice in DD. Second, we

compare parasite and host rhythms in gr@ugd singly-housednice in DD. Finally, we use the mutant

mice and a restricted feeding regime to decouple host rhythms in feeding from body temperature and
locomotor activity and examine the consequences for parasite rhythms. We show that: (i) parasites

mairtain normal rhythms iWT and mutant mice in DD, ruling outcircadian oscillator entrained by
light;(il'parasite rhythms match the phase of the host 6
in activity or body temperature; (ii) parasite developiriarfood-restricted mice is more synchronous

than inadib fed hosts; and (ivjnutant mice suffer no additional health costs of infection thus

theintactclock in WT mice provides little obvious benefit in this disease model. We discuss how host
feedingand social interactions could shape rhythms in parasite developmentewalwonary

trajectories between hosts and parasites.

60



S16.1

Abnormalities in the 24-hour rhythm of skin temperature in cirrhosis: sleepwake and
general clinicalimplications

Maria Garridd, Desy SaccardpMichele De RUi Elia Vettoré, Alberto Verardé, Paolo Carrarg
Nicola Di Vitofrancescd Alireza Manf, Paolo Angefi, Massimo Bologne&i Sara Montagnese

Department of Medicine, University of Padova, Padova, Itlgboratorio Analisi, Azienda ULSS 12 Veneziana,
Mestre, Italy;®Department of Laboratory Medicine, Universkpspital, Padova, ItalyDivision of Medicine,
University College London, LondodK

Background & Aims: Sleep preparation/onset are associated with peripheral vasodilation and a decrease
in body temperature. Cirrhosis of the liver is complicated by splanchnic vasodilation and hyperdynamic
circulatory syndrome. These may impinge on terafure regulation and sleep preparation, thus possibly
contributing to the difficulties falling asleep exhibited by these pati&htsaim of this study was the
assessment akin temperature, in relation to sleapke patterns, in patients with cirrhesi

Methods: Twelve outpatients with cirrhosis, 13 inpatients with cirrhosis, 11 inpatients without cirrhosis
and 10 healthy volunteers were recruited. All underwent baselinewgtdepevaluation and bleeding for
inflammatory markers and morning melatofévels. Proximal/distal skin temperature and their gradient
(DPG) were recorded for 24 hours by a wireless device. Over this period subjects keptakéediary.
Results: Inpatients with cirrhosis slept significantly less well than the other gréypestients and

outpatients with cirrhosis had higher baseline proximal temperature and blunted rhythmicity compared to
the other groups. Inpatients with/without cirrhosis had higher baseline distal temperature and blunted
rhythmicity compared to the othgroups. Inpatients and outpatients with cirrhosis had significantly

lower DPG values compared to the other groups, and DPG reachexéreesalues several hours later.
Significant correlations were observed between temperature anehslkeprariables ahinflammatory
markers.

Conclusions:Alterations of distal/proximal skin temperature, their gradient and theirdouese were
observed in patients with cirrhosis, which may contribute to their sleep disturbances.
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The synaptic transcriptome andproteome: controlled by clocks, driven by sleep
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Charo Robles*, and Steven A. Browng&*

Institute of Pharmacology and Toxicology, University of Zurich, Zuriefitz8rland
*8*these authors contributed equally, and jointly supervised this project.)

Neurons are capable of fast adaptations that are essential for processes ranging from memory to sleep.
These adaptations are partly driven by trafficking of RN#As the dendritic arbor allowing individual
synapses to rapidly respond to stimulation events by changing synaptic compaosition and function
(Steward & Worley, 2001). In addition, the brain as a whole undergoes global daily oscillations in
activity. Tocomr di nate them, | iving organisms harbor hier
synchronize rhythmic gene expression to the environment as well as to the diurnelateayycle. For
example, about 10% of the mouse forebrain transcriptome &t but systematic sleep restriction
promotes a reduction of this number by 80% (Maret et al. 2007). How this regulation propagates to
synapses remains unknown.

Using biochemical synaptoneurosome purification followed by deep sequencing arfdlabelss
spectrometry, we analyzed the mouse synaptic transcriptome and proteome across the day and evaluated
the effect of sleep deprivation to dissociate circadian and actildpyendent regulation. Consistent with

the highly diurnal variation in synaptianction, we found that almost one half of all synaptic transcripts
showed robust circadian synaptic regulation and cluster according to phase anticipatihaykgttd

darklight transitions. About 30% were controlled uniquely by the circadian cloekasls activity or a
combination of both explained the other oscillations. Surprisingly, synaptic oscillations do not correspond
to those in the entire homogenate, implying specific circadiantpostcriptional regulation.

Interestingly, most proteins hadphase corresponding to and slightly following that of their RNA,

however the oscillating proteome was completely lost after sleep deprivation.

These results reveal a synergistic interaction between circadian anavalezpycles regulating the
synaptictranscriptome and proteome. Altogether, the emerging picture is one of circadian anticipation of
MRNA needs in the synapse, but only followed by local translation when activity demands it.

Maret S, Dorsaz S, Gurcel L, et tlomerla is a core braimolecular correlate of sleep loss. Proc. Natl Acad. Sci.

USA. 2007, 104 (50) 200080095.

Steward O, Worley PF. A cellular mechanism for targeting newly synthesized mRNAs to synaptic sites on dendrites.
Proc Natl Acad Sci USA. 2001, 98 (13) 706Q68.
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Unmasking the metabolic significance of ultradian rhythms in gene expression in vivo and
in vitro

Daan R van der Veé&n Menno P Gerkenia

1School of Biosciences and Medicine, Faculty of Health and Medical Sciences, University of Surrey, Guildford,
Surrey, UK;?Department of Chronobiology, Groningen Institute for Evolutionary Life Sciences, University of
Groningen, The Netherlands

*Presentingauthor

Ultradian rhythms ranging from22 hours, are often eexpressed with circadian rhythms in e.g.

behaviour, sleep cycles, endocrine physiology, and gene expression. Despite these observations, the
function and scope of several of these rhythmganently not well defined, and tangible evidence that

at least some of these rhythms are intrinsically driven remains mostly unchartered. With a view to
tackling these issues, we developed a novekapattral approach to unmask ultradian rhythms from

their circadian background and applied this to existing datasets of hourly transcriptome measures in the
mouse liver in vivo, and NIFBT3 cells in vitro, generated by Hughes et al, 2009.

We validated our approach by confirming 175 out of 323 genes thatpseviously shown to exhibit

ultradian rhythms in expression in the mouse liver in vivo, and found an additional 862 ultradian
transcripts in this dataset. We next describe ultradian gene expression in >900 transcripts in vitro, where
previous attempts tshow this have failed. This constitutes the first evidence in support of endogenous
driven ultradian rhythm in gene expression. We also provide an objective, unbiased description of the
unambiguous role that ultradian rhythmicity has in cellular metaholieeostasis, by showing that 5 out

of the top10 Gene Ontology terms of ultradian gene expression overlap between in vivo and in vitro
condition, which are all involved in cellular metabolism. Sixty genes exhibit ultradian gene expression
both in vivo andn vitro conditions, 5 of which are involved in the cell cycle. Finally, we describe
significant enrichments of specific DNA motifs in the promotor areas of these 60 genes, which may act as
ultradian transcription factors.

These results firmly establishitradian rhythms in gene expression as a bona fide biological rhythm, and
offer a clear and convincing role for these rhythms in cellular metabolism.
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Timing of feeding behavior affects rhythms in the muscle molecular clock and glucose
tolerance

Paul de GoedeJohanneke Oostermatwout Foppeh Andries Kalsbe€ek

1 Department of Endocrinology and Metabolism, Academic Medical CeméC}, Amsterdam, the Netherlands;
2Hypothalamic Integration Mechanism, Netherlands InstituteNfeurosciences (NIN), Amsterdam, the Netherlands

Muscle is the most important tissue for glucose uptake and accumulating evidence indicates that targeting
muscle functioning could prevent and treat type 2 diabetes mellitus (T2DM). Glucose metabolism also
appears to be under control of the biological clock. N#gjfift workers have an increased risk of T2DM,
suggesting that disturbing normal sleep/wake patterns could affect glucose metabolism.

To examine the effects of timing of feeding on glucose metabptits were subjected &al libitum

(AL) or time-restricted feeding (TRF) during the light or dark period. Whole body metabolism was
evaluated using calorimetric cages. Expression patterns of molecular clock genes and genes associated
with glucose metab@m in muscle, collected at 3h intervals throughout a 24h period, were investigated
using gPCR. Glucose tolerance was tested during both the light and dark period using an intravenous
glucose tolerance test (ivGTT).

The amplitude of the respiratory exchangtio (RER) was increased for all TRF groups, especially due

to a stronger decrease during the fasting period. In the light fed groups rhythmic expression of all
molecular clock genes tested, including Bmall and Per2, was abolished. Conversely, gersedss

with glucose metabolism like Pdk4 and Ucp3 showed shifted rhythms during light period TRF.
Additionally, TRF dampened the normal day/night difference in glucose tolerance seen in AL fed animals
(day/night difference in ivGTT area under the curv&@ for AL p=0.0015; p>0.05 for Light and Dark

fed groups; unpairedtest).

These data indicate that the muscle molecular clock is altered by TRF and that these changes are
accompanied by altered whole body metabolism and glucose tolerance.

1. Conflictof interest: The authors declare no conflict of interest.

2. Funding: This project is funded by a TOP grant from ZonMw and is part of a collaboration between the
University of Amsterdam (AMC) and Maastricht (MUMC).
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Chronically alternating light cycles aggravate atherosclerosis

Maaike Schilperoott Rosa van den BergNienke Biermasz Claudia P. CoomafsJohanna H. Meijér
Patrick C.N. RensénSander Kooijmah

1Department of Medicine, Division of Endocrinology, Leiden University Medical Center, Leiden, the Netherlands;
’Department of Molecular Cell Biology, Laboratory for Neurophysiology, Leiden University Medical Center,
Leiden, the Netherlands

Background:

Accumulating evidence suggests that the biological clock is an important player in cardiometabolic
health. Disruption of circadian rhythm by means of shift work is associated with obesity, dyslipidemia
and cardiovascular disease in humans. In addition, endotmegative mutation in th€lockgene

induces dyslipidemia iApo€- mice. However, causality between circadian disruption upon shift work
and atherosclerotic lesion development has not yet been established. Therefore, the aim of this study was
to investigate whether mimicking shift work by chronically alternating light cycles directly affects lipid
metabolism and atherosclerosis developmeAROE*3-Leiden.CETFmice.

Methods:

APOE*3-Leiden.CETP mice were fed a Westgype diet containing 0.1%holesterol for 15 weeks,

during which they were exposed to either a regularigink (LD) cycle, or a weekly alternating light

dark (LD-DL) cycle to mimic shift work. Hereafter, plasma cholesterol was determined, histological
analysis of the aortic roetas performed to evaluate atherosclerosis, and a Sysmex hematology analyzer
was used to assess white blood cell counts.

Results:

After 15 weeks, total plasma cholesterol was not significantly different between the LD (12.9£3.6 mM)
and LDDL (14.3£2.8 mM)groups. However, LEDL mice had substantially larger atherosclerotic

lesions (+84%; P<0.01) that were more severe (that is, ty{y¢ t.17%; P<0.001) compared to LD

mice, indicating an increased risk for cardiovascular disease. Furtherme, hiice shaved a

decrease in circulating white blood cel44%; P<0.05) compared to controls. While circulating
monocyte counts dropped in EDL mice, the atherosclerotic lesions showed an increase in macrophage
content (+33%; P<0.05). These data suggest incréaffiégtion of monocytes into the lesions with
depletion of circulating monocytes as a result.

Conclusion:

We are the first to show that disruption of circadian rhythmicity by mimicking shift work directly
aggravates atherosclerosis development.dDtrent aim is to further elucidate underlying mechanisms,
focused on the immune system.
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Cold-induced metabolic adjustments associated with changasgene expression of Brown
Adipose Tissue and Skeletal Muscle are reciprocally influenced by tirraf-day

Frederico Sander Mansur Mach&daZhi Zhang, Yan Sd, Remi JansénEwout Foppeh Candido
Celso Coimbrg Andries Kalsbeek

Hypothalamic Integration Mechanisms, Netherlands Institute for Neuroscience (NIN), Royal Netherlands Academy
of Arts and Sciences and Department of Endocrinology and Metabolism, Academic Medical Center (AMC),
University of Amsterdam, Amsterdam, the Netlrats;?Laboratory of Endocrinology and Metabolism, Institute of
Biological Sciences, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil

Background. Daily cyclic changes in environmental conditions are key signals for anticipatory and
adaptative adjustments of most living species, including mammals. Cold exposure increases the
thermogeni@ctivity of brown adipose tissue (BAT) and skeletal muscle (Skden that the

components of the molecular cloeckeractwith thermal and metabolic mechanisms directly involved
with the defense of body temperature, the present study intends to evaluate the interdependence of
homeostatic and circadiarlated mechdsms in response to a cold stimulus in distinctive moments of
the dayMethods. Male Wistarrats were subjected to a single episode of 3 h cold ambient temperature
(4°C) in 6 timepoints. Metabolic rate, body temperature, locomotor activity, feeding amdrdy

behavior were recorded during cold at each {omt. Immediatelyafter the stimulus, rats were
euthanized and both tissues were collected for rtPCR analysis of interestRgts. Cold exposure
during the light phase resulted in a slight hyipermia that was not related to differences in the increased
locomotor activity. The typical increased metabolic rate occurred regardless -affittag. Curiously,

the wellknown shift insubstratexidation towards fat metabolism was attenuated duhiagnactive

phase. These changes were followed by tispeeific adjustments to both cold and tinfeday in core

clock genes expression, suchP andREVLE R Birtlthe BAT andCLOCK, PER1, CRY1 CRY2and

REVLE R Bitdthe SkM. Besides, different pathwagssubstrate oxidation and thermogenesis were also
simultaneously tissuspecifically affected by timef-day and coldConclusion.In summary, our results
strongly suggest interdependence between homeostatic adjustments to environmental challeniygs, the da
rhythms in thermal balance and behavior and the core components of the molecular clock.

Funding: CAPES, CNPg and ZonMw
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The influence of morningfocused working system on circadian activity rhythm, subjective
sleep and health related quality of life

Yuh Sasawaki, Yukiko Ohnish?, Takao Sugiyantg Hideyuki Shiotari

1) Kobe University Graduate School of Health 2)alfe Administration Department, ltochu corporation

PurposeLongtime work and short sleep is widely observed in Japan. Also, nocturnal lifestyle has been
popular among young people. Nocturnal lifestyle has been reported to cause disturbanciecaiibe

rhythm and various health problem. Meanwhile, to improve the longtime work and short sleep Morning
Focused Working System (MFWS) which closes the work before 20:00 is introducing in some Japanese
corporations. MFWS may improve circadian rhythrd aause good health. Therefore, the aim of our

study was to clarify the influence of MFWS to circadian activity rhythm, sleep and health related quality
of life (HRQOL).

Objects and Method30 employees engaged in MFWS (MFWS group) and 30 students living in
nocturnal lifestyle (Nocturnal group) were participated in Studyl and Study?2. In Study1, both group
measured circadian activity rhythm using by Life recorder. To assess circadian activity rhythm, we gained
cosine regression curve by using cosior methoohfZC and METs data. Also, we compared following
three parameters from this model between both group; MESOR (a Fagjlusted mean), amplitude and
acrophase (time at which the maximum value in the cosine curve). In Study 2, both groups have been
measuredPittsburgh Sleep Quality Index [PSQI], MorningneSgeningness Questionnaire [MEQ], 3
Dimensional Sleep Scale [3DSS] and-3v2.

ResultStudyl: Acrophase, sleep onset/offset time and breakfast time were significantly advanced and
amplitude was significaly low in MFWS group.

Study2: Daytime sleepiness score of PSQI was significantly low and MEQ score and phase score of
3DSS was significantly high in MFWS group. In-86v2, the score of general health, vitality,
physical/mental component summary wsignificantly high in MFWS group.

Conclusionlt was suggested that MFWS group had advanced circadian activity rhythm, advanced sleep
phase, regular sleep and high HRQOL. Therefore, MFWS might contribute to produce the physiological
activity rhythm, leadingyood sleep and physical/mental health.
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The decision of the International Agency fResearch on Cancer (IARC) in 2007 to classify shift work as
iprobably carcinogenicd (class 11) was based on m
humans. Further well conducted epi demnismlinogi cal st
humans. Up to now, most epidemiological studies have been restricted to lifetime duration of night work

or similar exposure definitions. Circadian disruption, the proposed mechanism underlying potential health
effects of shift work, has thus faoibeen included.

In a large cohort of almost 60.000 female nurses (around 35% of the total population of Dutch nurses), the
Nightingale Study, we aim to develop a methodology to assess circadian disruption at an individual level.

As suggested by Errenait, circadian disruption may occur when an individual is awake during his/her

Aibi ol ogi cal nighto, which is based on #edpatedi ndi vi d
job history information with various aspects of the internal biologicakg such as preferred sleep and

wake times, we will estimate the lifetime number of hours worked during the individual biological night.

Hereby we will obtain individual estimates for circadian disruption caused by shift work. In addition, we

will also take in account SNPs in circadian genes for optimizing chronotype assessment.

Circadian disruption exposure may very well occur outside of work activities (e.g. caring for young

children at night). Thus, the extent of the exposure may be broader tharaighiyopk activities, and

may be applicable to not only workers, but to the entire population. The current proposed approach will

enable personalized circadian disruption assessment by combining information on the internal clock and

the external demands. iBhwill allow researchers to develop study designs for investigating potential

health effects of exposures involving circadian disruption.
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Changes of the postllumination pupil response, sleep and circadian rhythms during the
Antarctic winter

Minch M, Wisniewski S, Healey B, Pattyn N, Basner M, Kunz D}, Kawasaki &

ICharité University Medicine, Institute of Physiology, Berlin, Germamational Health Service UKUniversity
of Brussels, Department of Psychology, Belgitiimjversity ofPennsylvania, Perelman School of Medicine
Philadelphia, Division of Sleep and Chronobiology, U82qversity of Lausanne, Hopital Ophtalmique Jules
Gonin Lausanne, Switzerland

Obijective:

Longterm daylight deprivation such as during the Antansficter has been shown to lead to delayed

sleep timing and sleep fragmentation. We aimed at testing whether retinal changes occur concomitantly
with changes in sleep and circadian rhythms during-teng daylight deprivation.

Methods:

The study wagperformed on two Antarctic bases: Concordia (European Space Agency; 3200 m above sea
level) and Halley VI (British Antarctic Survey; sea level). A total of 25 healthy crew members from both
bases participated in the study (mean age: 34 £ 11 yrs; 7 fa&asty cycles were continuously

monitored by activity watches. Weekly pupil recordings were preceded by 10 min of dark adaptation,
followed by a bright 1 s narrelwandwidth blue light stimulus. The paBtmination pupil response

(=PIPR; as suggestedanker for melanopsin activity) was the main outcome measure. The data were
collapsed into monthly bins for analysis; i.e. one month before the last sunsabffdy bins during the

dark period, and again in the first and second months after the sun @ekr(gvlthout differences

between both stations).

Results:

Sleep and wake times (as assessed froraptisfity recordings) were significantly delayed after the first
month without sunlight (p<0.05). Circadian rhythm analysis revealed a significantly afeioarig-daily
stability, indicating more fragmented resttivity rhythms during the dark period. The PIPR significantly
increased until the end of the dark period (p<0.05), that means a greater sensitivity to bright blue light
stimuli with slower redilation.

Conclusions:

Our results suggest that during letegm daylight deprivation, circadian rhythm stability decreases and
phase is delayed, whereas retinal sensitivity to blue light increases. This suggests lowered zeitgeber
strength by ambient ligl#nd may lead to greater vulnerability to low electrical light at the wrong time
due to greater retinal reactivity.

Funding: Federal Ministry for Economic Affairs and Energy (BMWi) and the German Aerospace Centre
(DLR) and Intellux GmbH, Germany.
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Of teenage owls and early schoeldelaying school start times alleviates sleep deprivation
and social jetlag in adolescent high school students

E Winnebeck, M VuoriA Biller* , C Molenda, D Fischer, A Sullivan and T Roenneberg

Institute of MedicaPsychology, Ludwig Maximilian University, Munich
Email: anna.biller@med.unanuenchen.de
*Presenting author

School starts between 7 and 8 am in many countries. While this early start is in line with the normally

early circadian phase of younger studeibtsdashes with the often late circadian phase and thus

extremely late bedtimes of adolescent students. Consequently, adolescents accumulate a substantial
amount of sleep | oss over the school weekk, and suf
cognitive performance and career prospects. Nonetheless, early school start times for adolescents are
largely maintained for a scarce body of evidence that delaying them alleviates the problem.

We therefore monitored the associated changes in sleep, circadian rhythms and grades, when in February
2016 a high school i n Aachen, Ger many, i ntroduced
to choose daily between an@ 9-amstart. Usiig actimetry (N=42) and sleep diaries (N=70), we

followed students aged 1B for 3 weeks before and 6 weeks into the feydtem. Both subjective and
objective sleep measures show clearly that nearly all participants benefited framst&t comparecbt

an 8amsstart. Independent of chronotype, participants slept on average one hour longendayss

since sleep onset remained unchanged but sleep offset became latam@ay®, participants had to

rely less often on their alarm clock to wake uphi@ morning and subjective sleep quality improved.
Furthermore, although students chose tagrBption only twice per week on average, social jetlag was
significantly reduced because weekend sleep timing was advanced. Preliminary analyses of eup follow
study indicate that the positive sleep effects of delayed school start times persist one year inte the flexi
system. A longitudinal analysis of grades will shed light on whether this translates to a change in
academic performance.

Based on our findingsnd feedback from teachers and students we recommend later school start times for
adolescents.
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Doublecortin-like regulates circadian activity and affect vasopressin signaling in the SCN
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We have recently identified a novel plasticity protein, doublectiken(DCL), that is specifically

expressed in the shell of the mouse suprachiasmatic nucleus (SCN) but not in other hypothalamic nuclei.
DCL is amicrotubuleassociated protein, implicated in neurogenesis and in structtaglrgements of

the microtubule cytoskeleton enabling dynamic movements of cell bodies and dendrites. In addition, DCL
is involved in oxidative phosphorylation aAd P synthesis.

We have inspected DCL expression in the SCN by confocal microscopy and found that DCL expressing
cells overlap with vasopressin (\\BXpressing cells, but we found nclogalization of DCL and VP.

Instead, DCL is expressed in astrocytesedoping VP cells. To further investigate the role of DCL in the
SCN, we have generated transgenic mice expressing doxyeydimeed shorh ai r pi n RNAO6s t ar
DCL mRNA (shDCL mice). Compared with littermate wild type (WT) controls38L mice exhibi

significant shorter periods of activity when analysed with passive infrared registration (PIR) sensors (23.7
hours versus 23.9 hours for WT mice). As VP receptor knockout mice exhibit similar shorter periods and
as DCL expression overlaps with that of MRhe SCN, we analysed VP expression ifD€EL mice and

in their littermate controls. In line with a feedback role of VP, we observed an intricateeMi@nal

network with numerous varicosities in the core of the SCN. Surprisingly, compared with littermate WT
mice, VP fluorescence was mainly observed in cell bodies with a disrupted VP+ neuronal network in the
SCN core in siDCL mice. In line with thissbservation are 3D reconstructions showing significant

increase in volume of VP cell bodies and a significant decrease of VP varicosities. Together, our data
points to a dorsaljocated plastic astrocyW¢P-neuron network that controls circadian activity

directing VP transport and feedback to the core of the SCN.
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Intracellular chloride regulation in AVP+ and VIP+ neurons of the suprachiasmatic
nucleus
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Several reports have described excitatory GABA transmission in the suprachiasmatis (BICIR), the
master pacemaker of circadian physiology. However, there is disagreement regarding the prevalence,
timing, and neuronal location of excitatory GABA transmission in the SCN. Whether GABA is inhibitory
or excitatory depends, in part, on theacellular concentration of chloride ([§). Here, using

ratiometric Cl imaging, we have investigated intracellular chloride regulation in AVP and VIP
expressing SCN neurons and found that]j@ higher during the day than during the night in bothPAV
and VIP+ neurons. We then investigated the contribution of the cation chloride cotransporters to setting
[CI]i in these SCN neurons and found that the chloride uptake transporter NKCC1 contributgs to [CI
regulation in SCN neurons, but that the KG{Es the primary regulators of [(ilin SCN neurons.
Interestingly, we observed that [lis differentially regulated between AVP+ and VIP+ neudasow
concentration of the loop diuretic bumetanide had differential effects on AVP+ and VIP+ neurdas, whi
blocking the KCCs with VU0240551 had a larger effect on VIP+ neurons compared to AVP+ neurons.
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The human red blood cell circadian clock is regulated by rhythmic potassium transport
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Engineering, The Hashemite University, Zardordan;* The Francis Crick Institute, 1 Midland Road, London
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Biological clocks control multiple aspects of cell biology and physiology. Until recently, timekeeping was
thought to be entirely dependent upon clock gene expression cycles, which are observed in nucleated
mammalian cell types. However, this model was recently challdng#te observation of circadian

rhythms in isolated mammalian red blood cells (RBCs). Since these lack nuclei, this suggested the
existence of a previously uncharacterized, fd@stslational cellular clock mechanism. In order to
investigate this alterti@e mechanism, we have employed a combination of electrophysiological and
pharmacological approaches to scrutinize the causes and consequences of timekeeping in isolated human
RBCs. Our studies have indicated highly rhythmic, sinusoidal rhythms in tteopleysiology of

isolated RBCs. Using a combination of dielectrophoresis andMSPwe have identified that there are
rhythms in both R-flux and intracellular Kwith ca. 24h period. Furthermore, using ion replacement, we
show that depletion of extraltular K" abolishes the rhythm, whilst modulation of these levels produces
commensurate changes in clock duration. These results inttiaattfferential regulation of &

transport underlies the circadian rhythms of RBC membrane physiology, and sGggesisport may
potentially contribute to the determination of circadian period in isolated RBCs. Collectively, these
suggest that in the absence of conventional transcription cycles, RBCs maintain a circadian rhythm in
membrane electrophysiology driveg dynamic regulation of Ktransport.
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Meta-analysis of transcriptomic datasets identifies genes enriched in the mammalian
circadian pacemaker
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The master circadian pacemaker in mammals is locatie isuprachiasmatic nuclei (SCN) which

regulate physiology and behaviour, as well as coordinating peripheral clocks throughout the body.
Investigating the function of the SCN has often focused on the identification of rhythmically expressed
genes. Howevenot all genes critical for SCN function are rhythmically expressed. An alternative
strategy is to characterise those genes that are selectively enriched in the SCN. Here we examined the
transcriptome of the SCN and whole brain (WB) of mice using-axesdysis of publiclydeposited data
across a range of microarray platforms and RB& data. A total of 79 microarrays were used (24 SCN
and 55 WB samples, 4 different microarray platforms), alongside 17-&pdata files (7 SCN and 10
WB). 31,684 MGI gene sgbols had data for at least 1 platform. Matelysis using a random effects
model for weighting individual effects scores (derived from differential expression between relevant SCN
and WB samples) reliably detected known SCN markers.-&@Nhed transapts identified in this study
provide novel insights into SCN function, including identifying genes which may play key roles in SCN
physiology or provide SCidpecific drivers.
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Effects of the isolation of suprachiasmatic nucleus on circadian wheelnning activity

Shuto Mizutd, Wataru NakamurfaTakahiro J. Nakamuta

1. Laboratory of Animal physiology, School of Agriculture, Meiji University, KawasakB8¥4, Japan; 2.
Department of Oral Chron®hysiology, Graduate School of Biomedical Scienbiagasaki University, Nagasaki
852-8588, Japan

The central circadian clock, located in the suprachiasmatic nucleus (SCN) of the hypothalamus, generates
daily oscillations responsible for organising the timing of most behaviours and physiological events in
mammals. Neural multiple unit activity rhythraad locomotor activity rhythms disappear after SCN

isolation (SCNi), which severs all nerves originating from the SCN (Inouye and Kawamura, 1979;
Stephan et al., 1977). This indicates that the neural signal from the SCN is important to regulate circadian
rhythms. Conversely, it has been reported that the diffusible signal from SCN transplant within the
semipermeable polymeric capsule regulates circadian behavioural rhythms (Silver et al., 1996). Here, we
assessed the importance of neural outputs in thaediine system via SCNi. A mictinife originally

designed by Dr. Halasz (Haldsz & Pupp, 1965) was inserted into the brain and rotated to create the SCN
island in adult male C57BL/6J mice. We also had sbpsrated mice, where the miekaife was

inserted wihout rotation. Posturgery, wheetunning activities were recorded under liglatrk cycle,

constant darkness, aneéh@advance or delay shifts. The fregning periods, activity levels, and activity

onsets were calculated. We identified the site of S@Niistological analyses after recordings. The

activity levels in SCNi mice (0.47 + 0.12 x“i@v/day (mean + standard error, SE)) were significantly

lower than those in shapperated mice (2.87 + 0.30 x“I@v/day). Both groups showed fragning

rhythms in constant darkness; however, no difference was detected in theninggy period. SCNi mice
showed fluctuating onsets in lighark cycle and rapid phase shifts i @hase advance (50% phase

shift: 0.79 £ 0.28 days in SCNi group; 2.64 + 0.76 dayshamoperated group). These results suggest

that the neural signal from the SCN plays an important role in the amplitude and photic entrainment of
circadian rhythm but not circadian periods.

75



S20.2

Bmall-deficiency affects migration of neuronal progeitor cells
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Even in the adult brain, neuronal stem/progenitor cells (NPCs) in the subventricular zone (SVigggive

to new olfactory neurons which migrate through the rostral migratory stream (RMS) to reach their final
destination in the olfactory bulb (OB). There is some evidence for a role of the circadian system and/or
the molecular clock on cell migration inrggral. This is especially important in the context of
chronodisruption not only affecting cognitive performance but also the development of cancers in
humans. Therefore, we analyzed the effect of a disrupted molecular clock in-@sfialént (Bmall/-)

mice on NPC migration. Although proliferation of NPCs in the rostral extension of the SVZ was reduced
in Bmall/-, a significantly higher number of BmaliNPCs reached the OB as compared to wild type
littermates (Bmall+/+). This indicates a higher migmatielocity in Bmal/-. Bmall/- showed

increased oxidative stress and enhancement of the glial tube surrounding the RMS. Thus, systemic effects
promote NPCs migration in Bmall To further elucidate intrinsic effects of Bmal&ficiency on NPC
motility, we analyzed migration velocity and detachment in NPCs isolated from Bm#/E could

show that increased migration velocity of Bm&aNPCs is a consequence of high oxidative stress. Thus,
this study provides evidence for a role of the molecular clodckin regulating systemic and intrinsic
properties of NPC migration and consequently neuronal plasticity.
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Circadian control of paraventricular hypothalamic activity by suprachiasmatic VIP
neurons

Sarika Padl Court Harding, Lauren Walmsley Timothy M. Browrt

! Faculty of Medicine, Biology and Health; University of Manchedii¢

The hypothalamic suprachiasmatic nucleus (SCN) plays a critical role in optimising physiology and
behaviour in anticipation of daily changes in the environmeng. Mlkchanisms by which SCN output
controls downstream physiology are poorly understood, however, one attractive hypothesis is that subsets
of SCN neurons with distinct timing signatures are specialised to control different physiological processes.
To exploe this possibility, we assessed daily changes in single cell electrophysiological activity across
some of the major targets of SCN output (the subparaventricular zone and paraventricular nucleus; SPZ and
PVN) with particular reference to those cells regvinput from vasoactive intestinal polypeptide (VIP)
expressing cells of the SCN. To this end we performed multielectrode array recordings from hypothalamic
slices while optogenetically stimulating SCN VIP cell activity (using mice selectively expressing
channelrhodopsin2 in SCN VIP neurons: Ai32;VIPcre). These recordings revealed a small population of
cells (~510% of total) scattered across the SPZ, PVN and ventral thalamus that exhibited inhibitory
(GABA-mediated) responses to optogenetic stimulatib®©N VIPergic cells (VIPin+). As a group,

VIPin+ cells exhibited lowest firing rates across the Hat@ projected day, a timepoint when SCN VIP

cell activity is greatest. Subsequent analysis of individual VIPin+ cell firing rate profiles indicated#tat m

cells exhibited relatively brief epochs (~8h) of high firing with peak activity either during the early day
(~ZT3) or earlymid night (~ZT16). Collectively our data suggest VIPergic SCN neurons contribute to the
control of rhythmic electrophysiologitactivity in the SPZ and PVN.
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Interaction of SCN and peripheral circadian clocks in the regulation of energy metabolism
Isa Kolbé, Jana HusgeMatthias BrandenburgeCharlie Krusé & Henrik Ostet

1Chronophysiology Group, Medical Department |, University of Liibeck, Liubeck, GefniRuogram in
Neurosciences and Mental Health, The Hospital for Sick Children, Toronto, Ontario,
Canada®Fraunhofer EMB, Libeck, Germany

The circadian clock netwonlegulates physiology and behavior in anticipation of daily recurring changes
in the external environment. In mammals, the suprachiasmatic nucleus (SCN) pacemaker is reset by the
external lightdark cycle and coordinates subordinate oscillators in cemtgberipheral tissues to

regulate physiological rhythms by tissue specific cloohtrolled transcriptional programs. While

surgical SCN lesions abolish circadian rhythms at all levels, altering glucose metabolism and promoting
weight gain, genetic ablaticof SCN clock function has little effect on the regulation of peripheral clock
gene activity. To study the interaction of SGid peripheral clockerived signals in metabolic

regulation we compared transcriptome rhythms in epididymal white adipose @#84AT), behaviour

and glucose metabolism between mice with and without targeted genetic deletion of the SCN clockwork.
In contrast to behaviour, circadian clock and clock output gene rhythms were largely preserved, while
metabolic transcripts lost andtrscripts associated with innate immunity gained rhythmicity in eWAT of
SCN clockdeficient mice. In line with this, glucose metabolism and body weight homeostasis were
preserved in SChlock deficient mice under LD, but not DD conditions.
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Mechanisms underlying diet-inducedcircadian reprogramming in theliver

RibasLatre, A.,Fekry,B., Kwok, C., MaharEckel K.

Center for Metabolic and Degenerative Diseases, Institute of Molecular Medicine, University of Texas Health
Center in Houston, 1825 Pressler St, Houston, TX 77030Ald8. RibasLatre@uth.tmc.edu

Ourinternal biological circadian cloaintrains to the 2thour light/dark cycle of the earth and regulates
our circadian physiology. Studies reveal ttiatadian disruption (i.enight shift rotating shiftand jet

lag) resuls in metabolc disorders, inclding obesity andype-l diabetesThis is thought to be due in part
to tissuespecific clocks being out of synchrony, as peripheral clocks entrain to nutrient input, while the
brain clock responds predominantly to ligRecently, a high fat diegvasshown toreprogram the
circadian clock irthe liverin a BMAL1- and PPARGdependent mannddnclearis whethetthis

circadian reprogramminig due tonutrients themselves or rather the extent to whibatic insulin
resistance ensuddsinga model of dét induced obesitgur datarevealthat BMAL1-mediated
reprogramminginderhigh fat dietdepends oimpaired insulin sensitivity in the liver.
Methods/Resultsvlice were fed one of three diets, twbwhich resulted in glucose afodinsulin
intolerance Animals were tested for energy expenditure, circadian rhythmicity, insulin and glucose
sensitivity, and BMAL1 expression and chromosofaaktion In separate experiments, dietluced
obese animals were treated with rosiglitazone (ROSI) to restore igsubitivity in the liver. ROSI
treated animals were tested for glucose and insulin intolerance, followed by analysis of the liver for
BMAL1 expression, upstreamsulin signaling, and chromosomal targetingd function These
experiments revedhat nutrent challenge can reprogram the clock in an insidipendent manner.
Specifically, livers which have impaired insulin sensitivity have altered BMAL1 stalslitycellular
locale and chromatin effectsyhich arereversed by restoring insulin sensitivity.

In summary, nutriestcontrol thehepaticcircadian clock in an insulidependent way. This result has
implications for why night and rotating shift workers may have impamethbolismwith more insulin
sensitive tissues respondingiquelyto alteations in the timing and type of nutrient input.
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24 hrs chronomics of BP/HR in terms ofacrophase & hyperbaric index and its relation
with circadian rhythm of melatonin sulphate in night shift nursing professionals:a case
control study

B Anjum, NarsinghVerma, Sandeep Tiwari, Ranjana Singh, Abbas Ali Mahdi

Department of Physiology, Biochemistry, Surgery (Gen) King Georges Medical University, UP, India

Objective: The present study was aimed to investigate the 24 hours chronomics of BRédRsof
Acrophase & Hyperbaric index and its relation with circadian rhythm of melatonin sulphate in night shift
nurses and actual day workers.

Material and Methods: 56 night shift nurses, aged-20 years, performing day and night shift duties
were recuited from the Trauma Center, KGMU, Indend 56 age sex matched actual day workers were
also enrolled as controlBP and HRwere recorded by ABPM at every 30 min intervals in day time and
each hour in night time synchronically with circadian rhythm efatonin sulphate.

Results: In night shift, hyperbaric index (HBI) of mean SBP was found to be increaseeDdt@

(midnight) while during day shift, peak was found at08am. HBI of mean HR was found to be
increased at X281 pm during night shift wite in controls, peak was found at-Q2 & again 1518 pm of

SBP, DBP & HRAlterations in Acrophase of BP/HR were very common among night shift workers and
Ecphasia was found in few night shift workek#feration in morning and night melatonin level waiso

found during night shift as compare to their day shift and in actual control group.

Conclusion: Reverse pattern of acrophase and HBI of BP & HR along with comparatively decline in 6

sulfatoxy melatonimuring night shift represents desynchronizatibindicates that the circadian rhythm
was disrupted during night shift and recovery occurred during day shift.
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Perinatal exposure to nicotine impairs circadian expression on PER but not BMAL in
Suprachiasmatic nuclei of juvenile mice

FuentesCanoM?, Ortega Villegas N Navarro Angulo |2 & Duran P

1ILBAE, Biologia Celular, Facultad de Ciencias. Universidad Nacional Auténoma de México (UNAM), Ciudad de
México, México. Science Faculty, UNAM, México CiBepartamento de Fisiologia, Facultad de Medicina,
Universidad Nacional Auténoma de México (UNAM), Ciudad de México, México. Medicine Faculty, UNAM,
México City

Smoking and nicotine during pregnancy has been associated with several adverse effecth@mndrow
perinatal development like fetal suffering, abortion and low birthweight. Nicotine itself can disturb
hormone patterns, embryo implantation and nutrition through the placenta. Acetylcholine is one of the
most important signaling brain developmemadcesses, which can be interfered by nicotine interaction
with those nicotinic cholinergic receptors (nAChr). The aim of the present study was to evaluate the effect
of perinatal nicotine administration on the circadian system response, particulaitgaldéan expression

of clock proteins BMAL and PER. BALB/c female mice were given perinatal nicotine diluted in water
(6mg/kg/daySlotkin,1995), after offspring delivery, those litters were weighted and developmental
measures were taken in order to asessnodel (Ajarem, 1998), only male offspring was used to the
experimental protocol. Thirty 48ay old juvenile male mice born from nicotiagposed dams(NG) and

30 control mice(CG) were used, six zeitgetieres (ZT) were chosen starting with the turnobithe

light, 12:12LD (LightDark) photoperiod, ZT0,2T4,278,ZT12,ZT16 and ZT20, 6 animals from each

group were chosen and sacrificed at each ZT, brain were removed and treated for Immunochemistry for
PER and BMAL into the Suprachiasmatic Nuclei (S@idder circadian clock in mammals). The results
demonstrate a significant decrease on PER circadian rhythms for NG, whereas the BMAL circadian
rhythms does not show significant differences when compared to CG. These results indicate that the
cholinergic nicahic system is indispensable for the molecular circadian clock establishment and
physiological control in the SCN, revealing letegm consequences. Previously we reported that

circadian locomoteactivity was impaired and its rhythm had difficulty to main a period component

in LD, DD and LL conditions, now we can attest that perinatal nicotine exposure affegene

expression and its PER protein, which could explain the previous described behavior disturbances in the
circadian locomotor activity gthm.
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Model behavior: using mathematical modeling of human circadian rhythms to understand
mood disorders

Amanda R. Libermai Soo Bin Kwon, Ha T. Vi, Dr. Allan FilipowicZ, Dr. Daniel Schult Dr. Ahmet
Ay13 Dr. Krista K. Ingram

1Biology Department, Colgate University, Hamilton, NY 13346, {®foinformatics Program, University of
California, Los Angeles, CA 90024, USMathematics Department, Colgate University, Hamilton, NY 13346,
USA “Johnson Graduate School of Management, Corneléfsity, Ithaca, NY 14850, USA

Generalized anxiety and major depression are becoming increasingly common in the United States. These
behavioral disorders can be debilitating, and are often correlated with poor general health, life
dissatisfaction, and the need for disability benefits wuinability to work. Recent evidence suggests that
these disorders may have a circadian component, and disruptions in circadian rhythms may even trigger
the development of these disorders. However, the molecular mechanisms of this interaction dfe not we
understood.

The human circadian clock consists of multiple negative feedback loops of key genes, irwalihg

clock per(1,2,3)and thecry genesPerlandper2are necessary for clock function, whiler3is thought

to be expendable. However, polgrphisms in th@er3gene are associated with behavioral phenotypes
(extreme diurnal preference in arousal and activity) and sleep/mood disorders, including seasonal
affective disorder (SAD)We decided to further investigate this connection betyweeBand mood

disorders, specifically investigating anxiety, major depressive disorder, and SAD. First, we provide
further support for the connection betwgmm3and mood disorders in a genetic study, using participants
from Colgate University and Cornell Jaun Business School. In this study, we showed thapex®

mutations are associated with longer circadian periods and higher Trait Anxiety scores, supporting a role
for per3in mood variation. Next, we created a comprehensive circadian clock modeisthe ifinclude

per3 and we used the model to explore a potential mechanism fopér@influences mood. Our model

is currently the most predictive circadian model available in the field, and it could be used to predict
changes in phenotype as more motadiare uncovered.
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Time at the intersection ofdesign,chronosociology andchronobiology

Helga Schmidt

Royal College of Art Kensington Gore, London SW7 2EU, United Kingdom

The societal transformation from an agricultural to an urbanised 24 /7 society, reflected in a move from
natural time to the mechanical clock to the contemporary digital age, has significantly influenced our
daily biological and social rhythms. Modern taclogy has fostered an increasing temporal
fragmentation, heralding an era of flexible time with ever more complex processes of synchronisation.
These inhumane rhythms conflict with the natural rhythmicity of the human biological clock.

This researcinvestigates the potential of new perceptions of time through the applicatichrohiad a

term derived from the Greek woodtchronosme ani ng o6 no-t it men& 6 uspiglfron o @ m
the Greelou-topos This research is situated within contemporary debates on the nature of temporality,
often denoted as time crisis or dyschronia. It investigates uchronia as temporal utopia and in the way it
generates insights about our knowledge of contemporary tentpofdle research develops an original
uchronian methodology and applications of uchronian thinking in préeticéesign research,

intertwining design, chronobiological and chronosociological research to propose a new area of
chronodesign

Through @sign practice, | explore how scientific research can be translated into lived, aesthetic
experience. The methods range from critical and speculative design (thought experiments), artistic
research (unlearning methods), to methods drawn from chronoballoggearchzgeitgebemethod). |
investigate practical work which challenges thought patterns regarding the temporal structureof
contemporary life, in which participants explore alternative {ijivers or synchronisers, in order to think
outside the bouraties of clocks and calendars.

By providing a broadened definition of uchronianism, | aim to establish uchronia as a platform for critical
thought and debate on the contemporary time crisis, with chronodesign as a practical design initiative.

helga.schnd@network.rca.ac.uk
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Il nterplay between E3 | igases modul ate Period
oscillation

JingJing Lit?, Samuel Schiffhau&rXianlin Zhou, Liang Jiang, Tetsuya Gotoh& Carla V.
Finkielsteirt”

IntegratedCellular Responses Laboratory, Department of Biological Sciences, Virginia Polytechnic Institute and
State University, Blacksburg, VA, United Stafddlolecular and Cellular Oncogenesis, The Winstar Institute,
Philadelphia, PA 19104, United Statésmal: finkielc@vt.edu

The circadian clock relies on peasanslational modifications that set the timing for the degradation of

core regulatory components and the pace of clock progression. Despite their importance, identification of

the E3ligases involved in ubiquitimediatel degradation of clock components in mammalian models
remains a dauntiagsdacikn 1 @pé adrCespréntaim thexmajory pr ot e |
recognition subunits of phosphorylated substrates for most clock proteins, including the ciraadian fa

PERIOD 2 (PER2) and mediate ubiquitination and proteasomal degradation. Previously, we established a

role for PER2 in modulating the stability and function of the tumor suppressor p53 through its ability to

prevent mouse double minute 2 homolog (MDM2g di at ed p536s wubiquitinatior
study, wel) identify the endogenous PER2:MDM2 compligxmap its interaction sitesi) establish

PER2 drcRl abtarget substrates for MDN\)),reveal a phosphorylatiendependent mechanism

for PER2 ubiquitination and degradatiofh, det er mi ne t he enGP$reqaterye of an
loop that modulates PER2 turnover, atiddemonstrate the relevance of the loop for determining

circadian period length. Therefore, we propose the existereca®k regulatory node in the clock

network that can receive, connect, and distribute a diverse set of signals acting on cellular homeostasis.
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Nardilysin regulates the mammalian circadian clock via modulating PER2 function

Yoshinori Hiraoka?, Hikari Yoshitané, Mikiko Ohnc**, Yusuke Moritd, Rina Nunokawj Kiyoto
Nishi®, Noriaki Kumé, Takeshi Kimurg Yoshitaka Fukadaand Eiichiro Nishi*

IDivision of Clinical Pharmacy, Faculty of Pharmaceutical Sciences, Kobe Gakuin University, KoB&&50

Japan 2Department of Biophysics and Biochemistry, Graduate School of Science, The University of Tokyo, Tokyo
113-0033, Japan®Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto University, Kyoto
606-8507, Japan‘Departmenbf Pharmacology, Shiga University of Medical Science, Otst242@, Japan

Nardilysin (N-arginine dibasic convertase; NRDC) is a zinc peptidase of the M16 family. We have
reported that NRDC has multiple functions, which depend on its cellular locatizktithe extracellular
space, NRDC enhances ectodomain shedding of a variety of membrane proteins, suéiGas ABF

a, and amyloid precursor protein. On the other hand, NRDC in the nucleus works as a transcriptional
coregulator. For example, NRDC indets with PGEla and modulates its coactivator function in brown
adipose tissue (Hiraoka et allat Commun2014). In pancreatib cells, NRDC regulatels cell function
through modulating Islet-MafA pathway (Nishi et alDiabetes2016). These resultafie suggested
important roles of NRDC in various homeostasis. In the present study, we evaluated the role of NRDC on
the mammaliarircadian clock.

We first examined the effects of NRDC deficiency on the behavioral rhythms of mice by monitoring their
activities using an area sensor. In constant darkness (DD), Nifi€lent (Nrde/-) mice exhibited

rhythmic activities with the average period length of 23.56 + 0.14 h, which was significantly shorter than
that of their wildtype littermates (23.83 £ 0.16 N)/e next examined circadian clock gene expression at
MRNA and protein levels in mouse liver. Both mRNA and protein levels of clock genes stet2and
Cry2were upregulated in the Nrdeliver compared to wildype liver. These results suggest that NRDC
could regulateircadian clockwork in mammal€o-immunoprecipitation assays showed that NRDC
interacts with PER2, but not CLOCK and BMALL1. To investigate whether NRDC regulates PER2
function, reporter assays usingbBx luciferase reporter construct weeeried out. In the reporter assay,
PER2 dosealependently suppressed CLOCK/BMAdriduced transactivation. Interestingly, NRDC
expression significantly inhibited PER2ediated suppression of the transactivation. These observations
suggest that NRDC reguést the mammalian circadian rhythm via modulating PER2 function.
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Appetite ratings in young northerners with social jetlag

Artem PolugrudoySergey Popov, Vasily Smirnov, Alexander Panev, Ekaterina Ascheulova, Ekaterina
Kuznetsova, Tatyana Tserne avitkhail Borisenkov

Institute of Physiology, Komi Science Centre, the Ural Branch of the Russian Academy of Science, Syktyvkar, Russia

The aim of the study is to evaluate the appetite ratings in young northerners with SJL. Participants (n=66)
weredivided into three groups, SAL h, 1<SJLCR hand SJE&2 h, usinghe Munich ChronoType
Questionnaire. Participants consumed a breakfast consisting obpizbstumand rated their appetite
sensations using visual analogue scales (VASS). People in three SJL groups caakliitedhthe

same amount of the test meal and reported similar levels of satiety and fullness just after food intake
(intraameal satiation). Howeer, participants with SJL>2h were found to feel significantly hungrier in
comparison with participants with SO1 h. Each participant reported gradually decreasing levels of
satiety/fullness and rising levels of hunger/prospective food intake duringgh®20 min after

consumption of test meal (pesieal satiety). Satiety decreased significantly faster, whéxesager and
prospective intake were shown to increase in the SJL¥RAdareas under curve for hunger and

prospective food intake were tvold larger in the SJk2 h Changes in VAS scores for the sensation of
fullness after consumption of the test meal did not differ between the SJL dramsipants in the

1<SJLC? hand SJE&2 hgroups had a significantly lowenean satiety quotiesbmparedo those in the

SJLAL. Thus, our data demonstrate that a disassociation between the visceral sensation of fullness and
subjective feelings of hunger (hunger, satiety, prospective food intake) indicate a diminished satisfaction
with food consumption, whicbould be a very early consequence of SJL.

[Supported by the Program of UD RAS Grant Ne3t5-50 (MFB)]
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Interrelations among chronotype, social jetlag, and intelligence

Alexander Pané¥, Tatyana TserrdgArtem Polugrudoy Larisa Bakutovg Natalia Petrovi Olga
Tatarinovd, Olga Kolosov4 Mikhail Borisenkov

Ynstitute of Physiology, Komi Science Centre, Ural Branch, Russian Acaxfe®eiences, Syktyvkar, Russia;
2Pitirim Sorokin Syktyvkar State Universifiy akut Scientific Center @fomplex Medical Probleménstitute for
Biological Problems of Cryolithozone Siberian Branch of Russian Academy of Sciences, Yakutsk, Russia

Conflicting results on the relationship between circadian preference and cognitive functions in healthy
personsvere obtained earlier. It was shown that the level of intelligence in late chronotyygme{jL

higher than in intermediate-{ype) and early one (Eype). At the same time, recent study (Arbabi et al.,

2014) indicates that social jetlag (SJL) which is entypical for the ktype negatively associated with

intelligence. The aim of the present study was to evaluate the interrelations among chronotype, SJL, and
intelligence. The study involved 426-yearold personsr{=1008). Chronotype (MSF and SJL were

estimated using the MunidBhronotypeQuestionnaire (MCTQ). Nowerbal intelligence was determined

using standard Ravends progressive matrices. Resp
circadian preference (fpe: MSkE:O 3 . 5type: MSR.= 351-4.49h, and lype: MSE:O4 . 5h) and i n
3 groups accordinegl.t9, 1G2vhe)l. oTfh-tyBeliMas higikdthaeghatrdic e o f L
E- and Hype if the level of SJL was below 2h. The negative impact of SJL on intelligence was noted in

L-type, but not in Eand kype. In conclusion, our data confirmed previous studies indicating ttygiel

has a higher | evel of intelligenc-+#ypedbappearat t he | e
[Supported by Program of UD RAS, project #38-50 (MFB).
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Chronotype, social jetlag and mood seasonality in young inhabitants of the North
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2Shenyang Normal University, Shenyang, ChiRjrim Sorokin Syktyvkar State University, Syktyvkar, Russia

According to previous studies there are prevalence of winter depression and late chronotype among the
inhabitants of higthatitudes. It can be assumed that social jetlag (SJL), which is characteristic for persons
with late chronotype, is one of the causes of winter depression in northerners. We noted previously an
unusually low incidence rate of mood seasonality among yourabitants of the polar city of Vorkuta.

The aim of the present study was to determine chronotype, SJL, and incidence of mood seasonality in
young inhabitants of Vorkuta in comparison with their counterparts living in the Northern European
Russia. The stydinvolved 1218-yearold residents of the city of Vorkuta$1069). Chronotype (MSF

and SJL were determined using the Munich Chronotype Questionnaire (MCTQ). Winter pattern of mood
seasonality (SADw) was assessed uSiegsonal Pattern Assessment Qaestire(SPAQ).The data of

our previous studies of 1P3-yearold residents of the Northern European Russia were used for
comparisor(n=6630).There were lower percentage of SAB.58 % vs. 7.88%}<0.005), lower levels

of MSFs (4.75£1.66h vs. 4.88+1.56p50.003) and SJL (2.23+1.44h vs. 2.42+1.4%0.038) in

children and adolescents living in Vorkuta, as compared with their peers living in other settlements of the
Northern European Russia. The results confirm the existeracérif between the state of circadian

system and of mood seasonalfurther study is needed to identify external and/or internal factors
determining low levels of MSE SJL, and low incidence of SADN young inhabitants of Vorkuta.
[Supported by Progim of UD RAS, project # 13-4i 50 (MFB).

88



P.11
Features of pancreatic intraepithelial neoplasia and tubular complein diabetic
cysteine414alanineemCRY1 transgenic mice
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IGraduate School of Medical Science, Yamagata Universitstitute of Development, Aging and Cancer, Tohoku
University, *Tohoku Medical and Pharmaceutical University Hospitiliyuki-Kai Hospital,°Yamagata City
Hospital Saiseikan

Cryptochrome (CRY) proteins play indispensable roles in the mammalian circadian clock. We previously
generated transgenic mice (Tg mice) ubiquitously expressing mCRY1 with a mutation in cysteine414.

The cysteine residue functions agafi zincbinding sites in mMCRY1, and plays a crucial role in binding
PER2( Sc hmal en | et al. Cell, 2014). Tg miceellshowed
dysfunction (Okano S. et al., Eur J Clin Invest. 2010; J Diabetes Investig, #0&8dition to unusual

circadian rhythms in locomotor activities (Okano S. et al., Neurosci Lett. 2009; Sleep Biol Rhythms.
2016). We also reported that unusually enlarged-ikestells, which are reminiscent of pancreatic
intraepithelial neoplasia®anINs), appeared in the pancreas of Tg mice with age (Okano S. J Diabetes
Res. 2016). PanINs are known to be pancreatic lesions that can cause pancreatic ductal adenocarcinoma
(PDA). PDA is one of the most lethal malignancies in human. Thus the elunidétiaolecular

mechanisms inducing PanINs is important.

In this study, to further characterize the Paliké cells we conducted detailed analyses of the pancreases

at mature stages of micEhe results demonstrated that thiular complexs (TCs), the aggates of

tubular cells, in addition to the cells having the features of PanINs, were formed in the pancreas of Tg
mice. HES1 was highly expressed in the Palikll atypical ductal cells, suggesting the involvement of

Notch signaling in the formation dii¢ anomalous ductal cells. We are now conducting the analyses of

the molecular pathogenesis of the TC and PanIN in Tg mice, with emphasis on the characterization of
newly identified CRY 1binding proteins.
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Circannual variations of biological andclinical parameters observed from 204 293
healthcare checkups

Cugy D23 Balan, J%, Leger B!

(1) CES CPAM de la GIRONDE, (2) Péle des neuroscieficdldd de Bordeaux, (3) Cabinet
Clinique, Bordeaux

Materials and method8Ve have £204293patientdatabas¢100701women andl03592men)from

healthchare checkup since 2004 to 2017 integrating biological, clinical and ESS questionnaire. We search
infra day (circannual effect) biological rhythm by averaging method after segmentatigouddtjmm

from sex and age. Datas are analyzed by using Multiple ANOVA.

Results: we found significant circannual effect foBMI p<0,001 (lower during autumn), Creatinin p
=0,04 (higher during summer), Cholesterol p=0,04 (lower during summer). Soamegbars were also
highly influenced by aging and sex.

Discussion: Seasonal variations of cholesterol were reported by Kreindl & al (1). They report increase of
LDL in winter and HDL in Summer. Our report agree with Kristal Bonneh & al (2) findings shawing
maximum for cholesterol in winter and minimum in summer. We hypothesis to explain Circanual
variations of creatinin and BMI by summer climate who allow more physical activity or by difference in
food intake.

Conclusion: Database analysis is in agragméth report showing seasonal/circannual variations of
cholesterol. Observed results don't allow us following thesis whether changes are of environmental origin
or in relation to a circannual endogenous rhythm

Bibliography:
1) [Seasonal variations in the lipid profile of apparently healthy young adults living in

Santiago, Chile].Arch Latinoam Nutr2014 Sep;64(3):1452.
2) Circannual variations in blood cholesterol levalhronobiol Int.1993 Feb;10(1):3742.
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The habenula clock is set by monoamines

Nora Salaberfyand Jorge Mendoza

ICNRS UPR3212, Institute of Cellular and Integrative Neurosciences, University of Strasbourg, France

Circadian rhythms are behavioral and molecular variations of organisms that follow roughty@ésh

and are sustained in the absence of any external cue. These rhythms are the result of a molecular clock
composed byositive and negative loos the exression of clock geneBifall, Peri3, Cryl2,

Clock, Rewerb, Ro). For many years, the suprachiasmatic nucleus was considerate as the unique brain
pacemaker. Currently, it is known that other brain areas (and other body organs) are able to oscillate in
circadian manner such as the Habenula localized in the epithalamus, a key nucleus for monoamine
(dopamine, serotonin) control; its clockwork has been, however, poorly characterized. Various and
numerous inputs come from the forebrain to the Habenulasiacd it is involved in the regulation of

reward signals, the Habenula receives feedback fibers from the dopaminergic ventral tegmental area.
Moreover, we recently reported that the intake of methamphetamine, a dopaminergic stimulant, affects
the propertes of the mouse Habenula clock. Hence, the aim of this study was to determine whether
monoamines, such as dopamine and noradrenalinaffesnt the Habenula clodby using
PER2::LUCIFERASE transgenic mice. We found that the amplitude of PER2 circadifatiossi in
Habenula explants are increased by the exposition of dopamine or noradrenaline, but not to other
neurotransmission signals (orexin, prokineticine2, argiasopressin). In conclusion, the

monoaminergic feedback from the midbrain (dopamind)@ainstem (noradranaline) may modulate

the circadian properties of the Habenula, and the behaviors regulated by this clock.

Supported by: ANRL4-CE13000201 ADDICLOCK JCJC grant.
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An intrinsic electroretinogram response of melanopsircontaining retinal ganglion cells in
isolated mouse retina

Motoharu Takay Yumi Fukudd, Takeshi Morita

Department of Human and Information Science, Tokai University, Hiratsuka, Kanagawl2939Japan;
’Department of Living Environmental Science, Fukudl@ame n6s Uni ver si t y ;8526 dapano k a Fu k

Since the discovery of melanopsiantaining retinal ganglion cell or intrinsic photosensitive retinal

ganglion cell (ipRGC) was reported in 2002, many features specific to this cell type have been described.
However, scare information is available on be tetinographic components directly reflecting ipRGC
activity. In this study, we identified the electroretinogram (microERG) that reflects the photoresponses by
ipPRGCs inex vivopreparations of the mouse retina, in which classical photoreceptors (coneslg)

were ablated mechanically and photochemically. MicroERG consited of three components: a large
transient ON response, a small and lazy hump 19 s after the onset of the light, and a large transient OFF
response. A complete microERG recording reqLiaeleast 30 s of light exposure. MicroERG showed

the highest spectral photosensitivity at 478 nm. This wavelength corresponds to the peak wavelength in
the i pRGCs6 photosensitive cur v-emittingdiose (pEDylighh op hy s i
(470 nm) revealed that the absolute threshold illuminance for microERG was greater than 12.26 log
photons/s/crhin both ON and OFF responses, whereas microERG was not adapted for dark. The
amplitude of microERG increased linearly with irradiance. Theiteity of temporal frequency was

high in microERG (at least 100 Hz), as suggested by the study on melatonin suppression by flickering
light in human subjects (Zelter et al., 2014). Melatonin secretion was suppressed by light via ipRGCs and
the suprachiasatic nucleus. These properties of the photoresponse indicate that microERG may reflect
the functions of ipRGC as a luminance detector in the mouse retina.
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Effects of a picture leaflet on diurnal rhythm for enhancement of morningtyped life in
Japanese infants

Misako Kawamaté 2, Ryota Kawasum, Fujiko Tsuj, Nozomi Taniwak?, Takahiro Kawad& %,
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Takeuch?, Tetsuo Harada

1: Laboratory of Eavironmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi University,
Japan; 2: Laboratory of Infant Education, Faculty of Education, Kochi University, Japan; 3: Affiliated

Kindergarten, Faculty of Education, Kochi University, JapdnCenter for Regional Collaboration, Kochi

University, Japan; 5: University of Physical Education and Sport PALESTRA in Prague, Czech Republic; 6: Faculty
of Health and Nutrition, Tokaakuen University, Japan

In this study, a teaching material as etyie leaflet for infant was made, and the educational

effectiveness of the leaflet was examined on the infants who attend one of 10 nursery schools owned by
Kochi City and a Kindergarten affiliated to Faculty of Education, Kochi University. The titleeof t

picture leaflet is AA picture book on diurnal rhy
morningt yped person! d The intervention study was perf
guestionnaire before and after the intervention (askioiipens to read the leaflet) was administered to

820 infants and their mothers (711 attending the nursery schools and 109 ones attending the

Kindergarten). The rates of answers to the questionnaire before and after the intervention were 67.7%

and 45.7%, repectively. Recording during the intervention (including how many days the reading was
performed and sleep diary) was performed by 27.6% (226) of mothers who were asked to answer it.

Reading was performed more than 1 time during the 3 weeks by 94.5%hefrsadifty two percent of

mothers did it more than 10 times, and 11% of them did it every day during the 3 weeks. Fifty nine

percent of them did it more than 4 days per week. Infants took higher quality of breakfast (p<0.05) and

longer sleep hours (p<0.pafter the previous nights when the reading was performed, than usual. Infants

to whom their mothers read the picture leaflet more than 1 time showed longer sleep hours (p<0.05),

earlier bedtime in holidays (p<0.05), and earlier supper time (p<0.05pdhsgrintervention than those

to whom they did not it. Young children to whom their mothers read it more than 4 times per week during

the period were more morning typed (p<0.05) than those to whom they did it less than 4 times after the
intervention period
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Questionnaire study on diurnal rhythm and sleep habits of university athletes in Czech and
Japan
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This study aims to examine the effects of sports kind, time of day when students had physical training
habit and training intensity on the diurnal type scales, quality of sleep and mental health in Czech and
Japanese university athletes. The integratedtiumaire including questions on sleep habits,

environments of night sleep, mental health and the diurnal type was administrated to 86 (52 females, 34
males; 188 years) students majoring in sports attending an university in Prague, Czech Republic and
112 soccer club students (all males; 248 attending a university, in Kochi, Japan. All Czech and 111
Japanese students who were asked to answer the questionnaire did it. In Czech, university athletes
majoring in martial arts among sports needing foreagétad difficulty for falling in sleep (p=0.003) and

also insomnia (p=0.043 with higher frequency than the other athletes. In Japanese students who did high
amount of physical training (intensity x duration: more than 24 degree of Ex index), participardslwh

high intensity of training were more morniygped than those who did lower intensity of training. On the
other hand, participants who did high intensity of training were more evgyprd than those who did

lower intensity, for students who did l@amount of training (<24 of Ex) (f=3.011, p=0.086). In Japanese
athletes who did training at night, participants who did high intensity training were more rrtyealg

than those who did lower intensity of training, whereas the result was vice veraasindants who did
training in the daytime (f=6.902, p=0.04L¢peoAl so
effect of hard training at night (a kind of opposite direction of response). Such effects might be a kind of
homeostatic response okiad of resistance to hatdaining at night, because evenitype life can

promote lower mental health for the athletes who did hard training.
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The role of the biological clock in retinal development

Udita Bagchi? Marie-PauleFelderSchmittbuht, Arthur Bergeh

Marie-Paule FelderSchmittbuhl : INCI CNRS UPR3212/Unistra, Strasbourg, France
Arthur Bergen : AMC/UVA, Amsterdam, The Netherldnds

Circadian clocks are mol ecul ar pacemakers based
gene encoded transcription factors (PERCRY1-2, BMAL1 and CLOCK) and are able to entrain gene
expression programs over the 24h cycle. The retina cerdaairndogenous circadian clock which

regulates a plethora of physiological processes sustaining adaptation of visual function to the daily
light/dark cycle, such as: melatonin and dopamine synthesis, sensitivity of ion channels and photoreceptor
renewal However, little is known, regarding the direct dependence of the photoreceptor generation and
survival on the circadian clock. Theriod1(Per) andPeriod2(Per? genes underlying the retinal clock

have been involved in cell division as well as in thane¢ ontogeny modus operandi: previous work from

the lab demonstrated thRaerl/Per2louble mutant mice show a delay in general photoreceptor
differentiation, along with reductions in cone opsin MRNA and protein levelsH{Aited; Eur J

Neurosci 2013).

In light of these observations, the aim of the PhD is to elucidate the downstream events that link the
circadian clock with photoreceptor development based on a transcriptomics approach. Whole eyes from
embryonic and postatal ages along with micidissectd postnatal photoreceptors and retinal pigment
epithelium (RPE) from wildype (WT) andPerl/Per2 doublmutant mice will be examined for gene
expression by nexgeneration sequencing methodology. Phenotypical differences will also be evaluated
by histology and immunohistochemistry. Comparative analysis betwewildhtgpe and mutant mice

has the possibily to yield canonical pathways involved in treginal/photoreceptor development as well

as the detailed findings of the upregulated or downregulated genes.

In conclusion, the neredundanPerlandPer2clock gene mutations could be a first link in

undestanding the role of the clock genes in photoreceptor differentiation/function and can lead to
interesting perspectives regarding functional studies both in normal and pathological processes of retinal
development.
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Circadian cycles in brownadipose tissue activity: implications for postprandial triglyceride
metabolism

Sander Kooijmal?, Rosa van den Betg Gustavo AbretVieiral2, Raymond NoordafAshna
Ramkisoensinty Claudia P. CoomafsJoke. H. Meijet; Diana van Heem&tNienke R. Bermas?,
Patrick C.N. Rensén.

1Dept. of Medicine, Div. of Endocrinologdginthoven Laboratory for Experimental Vascular Medicitizept of
Geriatry and Gerontology'Dept. of Molecular Cell Biology, Leiden University Medical Center, Leiden, the
Netherlands.

Circadian disruption reduces the capacity of brown adipose tissue (BAT) to combust triglyceride (TG)
derived fatty acids (FA) into heat. Here, we hypothesized that a circadian rhythm in BAT activity
importantly determines circadian plasnadi metabolism.

Mice were adapted to short (8 h), regular (12 h), or long (16 h) days. The rhythm of BAT was determined
by its capacity to take up plasma &rived FA at 6 time points during a 24 h period. Postprandial lipid
excursions were determineallbwing an oral olive oil bolus. In healthy volunteers, postprandial lipids
following three isocaloric meals were measured in the morning, afternoon and evening.

We observed a high amplitude circadian rhythm in the FA uptake by BAT as compared to other
metabolically active tissues. The highest uptake was observed at wakening, which was independent of
light exposure regimes. The pattern of FA uptake by BAT coincided with expression patterns of
thermogenic and lipid genes. Interestingly, circadian rhythmiciBAT activity dictated lipid clearance

which was reflected in circadian circulating lipid levels. In both mice and humans, we found postprandial
lipid excursions to be nearly absent at wakening and high before sleep consistent with oscillations in BAT
activity.

BAT displays a strong diurnal rhythm in the uptake ofdésived FA, which determines differences in
postprandial TG metabolism throughout the daily kdaik cycles. Since BAT activity is highest at
wakening, accompanied by lowest postpraniifigd excursions, we anticipate that restriction of food

intake to the early wakeful period improves metabolic health.
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Time of day-dependentsensitivity to LPS: A sensoryrole for the autonomic nervoussystem

EvaSotoTinocd', NataliN GuerrereVargag, RuudM Buijs?

1Departamentale Biologia Celulary Fisiologia, Instituto de Investigacione8iomédicaspniversidadNacional
Auténomade México,México DF; ?Departamentale Anatomia Facultadde Medicina,UniversidadNacional
Autonomade México,MéxicoDF.

It is well acceptedhattheintensityof theimmuneresponsés regulatedoy theautonomicnervous
systemHowever,sincelipopolysaccharidéLPS) minimally passeshebloodbrainbarrier,theway by
whichtheinformationaboutthe presencef LPSreacheghe brainremainsunclear We hypothesizedhat
the sensorypartof theautonomicnervoussystems responsibldor theimmediatesensingf LPS,in
orderto modify its outputto theimmunesystemandmountanadequateesponséo theinflammatory
stimulus.

In the currentstudy,maleWistarratswereintravenoushjinjectedwith LPS (2ug/kg)andsacrificed50
minuteslaterto studyneuronakctivity by c-FosimmunohistochemistrySincethe biologicalclock, the
suprachiasmatinuclets (SCN) caninfluencethe autonomicervoussystemwe evaluatediay/night
differencesn thesensingof LPS.

Upregulationof c-Foswasobservedn sensoryautonomiccenterssuchasthe nucleusof the solitarytract
(NTS) andthedorsalhorn(DH) of the spinalcord. Thelevel of activationin thesesensorystructuress
dependenbnthetime of thedayonwhich LPSis given,with higherc-Foscountsat ZT2 thanatZT14.
Sinceaunilaterallesionof the SCN givesipsilateralactivationof the DH afteranLPSchallengeat ZT14,
whennormally c-Foscountsarelow, we proposehatthis comprisesa neuronalpathwayfrom the SCNto
the DH of thespinalcord.

Thepresendatashowsthatthe sensorypartof theautonomicmervoussystenmcandetectthe presencef
circulatingLPS. Furthermoreit suggestshatthe SCNcanmodify thesensitivityof the autonomic
sensorycentergo LPS, promotinga day/nightdifferencein brainactivationandthus,a differential
cytokinerelease.
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Paraspeckles as nuclear bodiagriving non-transcriptional circadian mRNA expression

Manon Torres, Denis Becquet, Séverine Guillen, Bénédicte Boyer, Mathias MorencPlidarée
Blanchard, Jeahouis Franc and Ann®#larie FrancoisBellan

Aix Marseille Université, CNRS, CRN2WMR7286,Faculté de Médecine Nord, 51 Bd Pierre Dramard CS 80011,
13344 Marseille cedex 15, France

Circadian clock control the rhythmicity of numerous biological functions through rhythmic expression of
MRNA that has been shown mainly based ontnanscriptionalmechanisms.

We characterized one of those roanscriptional mechanisms in a rat pituitary cell line, the GH4C1

cells. This mechanism involves the paraspeckles which are nuclear bodies built around a-tmwdingpn

RNA, Neatl, associated with RN#inding proteins. raspeckles are known to retain in the nucleus

MRNA cont ai nUTRdgnvertad repehtedf Alu s8gaiences (IRAlu) allowing by this way the

control of gene expression at a Aoanscriptional level.

In GH4C1, we showed that all components of paradps including four major proteins and Neatl itself

di splayed a circadian expressi on-UpRdftheeegfmcDAAM d t hat
led to a rhythmic circadian nuclear retention of the egfp mMRNA that was lost when paraspeckles were
disrupted. Using redime videemicroscopy, the insertion of IRAlu was further shown to drive a

circadian expression of EGFP protein.

To identify the endogenous RNA targets of paraspe
pull-d o wn 60 awhih emplayéd capture antisens oligonucleotides designed to specifically

hybridize to Neatl. Using this approach, Neatl was enriched together with its RNA targets that were
identified by RNA sequencing.

Unexpectedly, we -dliRafreddigendus Medtl RNR fatgets. After seB¢tion of a

few of these Neatl mRNA -UTR befpre the polgAnsite ofithe sgfprcDNAo n o f
we observed that some of t heJfR whidewthats did aot, suggpsing k | e s
tha mMRNA could also be targeted DBUYTRpgmdsimack| es t h
restriction approach, works are currently in progress to identify, in Neatl RNA targets bound through

t h e {UTR, tBidspecific sequences recognized by parafgseck
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Additive contributions of melanopsin and both cone types to mouse pupillary control

Edward A. Hayter* & Timothy M. Brown*

*University of Manchester

Intrinsically photosensitive retinal ganglion cells (ipRGC) detect changes in environitientalation

and dri ve aimagafrorranyi nogf6 o6(nNolnF) vi sual responses incl
and the pupil light reflex. These ipRGCs integrate rod and-deriged signals with their intrinsic
melanopisrdependent response, but tantributions of rods/cones to NIF visual responses remains

poorly understood. Given recent data indicating chromatic influences on the mouse circadian system and
human pupil, we set out to define the influence of the two mouse cone opsin types inypgmittesl. To

address this question we first record from the pretectal olivary nucleus (PON) of anaesthetised mice with
a redshifted cone populatiorOpn1mw) and use silent substitution to selectively modulate the activity

of individual opsins. We therse identical approaches while recording pupillary light responses in awake,
restrained animals. We show that cells in the PON which receive input from ipRGCs exhibit robust S
and/or L-cone opsin driven activity and in some cases the contribution oftthes®sins is opponent,
conveying information not only about luminance but also colour. Under our experimental conditions
activation of rod opsin makes no detectable contribution to PON behaviour. We also show that these PON
cells can reliably track everery slow (0.025Hz) sinusoidal changes #pEL-opsin activation providing

a sustained readout of luminance or colour. Most importantly, however, we show that melan@psin, S
L-opsin derived signals combine in a purely additive manner to drive pymtastriction. In summary,

while the role of colour opponent PON cells remains uncertain, our data indicate important differences in
the sensory control of the mouse circadian and pupillary systems. The former uses colour information to
help estimate tim of day while the latter integrates inner/outer retinal inputs to provide broadband
sensitivity to variations in illumination.
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DrosophilaCryptochrome is involved in the regulation of sleep and activity behavior
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DrosophilaCryptochrome (CRY) is a blue light photoreceptor which plays an important role in circadian
entrainment. Moreover, CRY participates in reircadian functions, amagnetoreception, modulation of
neuronal firing, phototransduction and regulation of synaptic plasticity. In our previous research we found
that CRY is expressed not only in clock neurons, but also in glial cells and L2 interneurons in the visual
system. h addition we showed that CRY and BRP form complexes and their interactions are enhanced in
the presence of light. Moreover, we showed that CRY is involved in BRP degradation in some specific
cell types, like photoreceptors. It the present study we imaeti the role of CRY in the regulation of
behavior. We used transgenic flies to drivgRNAiexpression or overexpression of CRY (native or
constitutively active [ @&iMvwptiock neunonssphdtoeecepterslLl2c el |ty
interneuronsnd glial cells) and we analyzed period of locomotor activity and sleep parameters. We
observed that decreased level of CRY in the retinal photoreceptors affects the rhythm of locomotor
activity and 40% of flies become arrhythmic, but the period of rhigliiles is unchanged. Surprisingly,
changes ircry expression level in glial cells and L2 interneurons affect sleep level. We also showed that
expressi on opdositizeRMsdengtmnskhD period of locomotor activity rhythm, but it does
not affect sleep level.

In conclusion, we showed that CRY plays an important role in the regulation of behavioral rhythms but
its function may differ depending on cell type in which it is expressed.

Research supported by the Polish National Science Centré §gnaata no. 2014/15/D/NZ3/05207).
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Changes of cognitive performance and objective sleepiness in the wake maintenance zone
during sleep deprivation

Jan de ZeeulySophia Wisniewsk#?, Amely Wahnschaffe?, Mandy Zaleski Alexandra
Papakonstantindd, Frederik Bek? Dieter Kunz2 Mirjam MuncH-2

ISleep Research & Clinical Chronobiology, Institute of Physiology, Charité University Medicine B€liivi¢ for
Sleep & Chronomedicine, St. Hedvigankenhaus, Berlindintellux GmbH, Berlin, German

Accumulated sleep pressure in the evening is opposed by a circadian arousal signal oe8urdngs2
prior to melatonin secretion, the so called o6wake
Shekleton et al., 2013). We aimed to investigagmitive function and objective sleepiness in the waking
EEG during the WMZ.Twelve healthy men (25.3£2.6 yrs) underwenttacthstant routine protocol.

Every hour, they performed different cognitive tests and recordings of the waking EEG for 3 min. The
WMZ was defined as the 3 hours before dim light melatonin onset, the first WMZ occurred 12 hours and
the second WMZ 36 hours after habitual waketime.

Relative to the hour before the first WMZ, there was a higher percentage of correct answers in the Go/No
Gotest (R1=5.14; p=0.04) and a significant reduction of EEG power density in the theta frequency

range between 5:5.0 Hz (p<0.03). In the second WMZ, the number of lapses in the Psychomotor
Vigilance Task was reduced, and there was significant lower EEG powetyderibie delta (2.%.5),

alpha (12.513.5) and sigma/beta (1523.0 Hz) frequency ranges (p<0.05). When comparing the

changes between both WMZ’s relative to the preceding hour, we found during the second WMZ a
significant larger reduction of lapses tharthe first WMZ, while changes in EEG power density were
significantly lower in the high sigma/beta range (1225 Hz), when compared to the first WMZ

(p<0.04).

Despite higher sleep pressure, sustained attention showed greater improvements émthé/b&C than

in the first WMZ, with concomitant greater reduction in EEG sigma/beta frequency bands. Our results
suggest that the circadian arousal signal in the evening differently modulates cognitive functions and EEG
power, depending on prior duratiohwakefulness.

Financial support: German Federal Ministry of Education and Research (€irbf&ct) and Intellux
GmbH (Berlin), Germany.
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The relationship between work performance and social jetlag: a webased crosssectional
survey in Japan
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Objectives: Recent studies revealed that sleep duration showsthped associations with sickness
absence as well as productivity loss at work. This study aimed to investigate the relationship between
selfreported work performance, i.e. absenteeism and presentsisnding to the Work Limitation
Questionnaire (WLQ) and social jetlag and chronotype according to the Munich Chronotype
Questionnaire (MCTQ).

Methods: This study was approved by the ethics committee of Tokyo Medical University. Aagsul
crosssectioral survey was conducted among registered monitors of a survey company in Japan. A total of
10,000 monitors who were matched in age, sex and resident area to a Japanese representative sample,
were randomly invited to participate in the survey. We excluldeset who provided invalid answers

(n=198), who has not worked (n=3966) or engaged in shift work (n=1232), and who reported sleep times
on free days with use of alarm clocks (n=2389). The final sample comprised 3708 participants (57.8%
male, 44.2 [13.5] yea old). Questionnaires consisted of demographic variables, MCTQ, and WLQ.

Using MCTQ, we calculated misleep on free (MSF) and work days (MSW). To determine individual
chronotype, MSF was calculated, corrected for accumulated sleep debt on work dages)(I86€&ial

jetlag is computed by the absolute difference between MSF and MSW.

Results: The average [standard deviation] of sleep duration across the week, MSFsc, social jetlag were
6.63 [1.10], 3.77 [1.51], and 0.95 [0.94], respectively. The averagetalydandy arrival days a month

due to poor health was 0.37 [1.61] days (1.18% on work days), and average productivity loss was 5.31
[5.48] %. Both social jetlag (standardized regression coefficients [B]=0.10, p<0.01) and MSFsc (B=0.12,
p<0.01) were sigficantly associated with productivity loss, although no significant association with
absent days.

Conclusions:The results of this study suggested that later chronotype and social jetlag were associated
with presenteeism but not absenteeism.
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Accurate prediction of histone modification across the circadian time scale
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Enhancer activity in rhythmic biological systems is driven by key clock proteins binding. Computational
approaches have previously bebnwn to accurately predict histone modifications at both promoters and
distal regulatory elements from knowledge of transcription factor binding (Benveniste et al., 2014) in a
given context.

We build on the existing methods to predict not just the preseratesence but also the quantitative level
of histone madifications. Furthermore, we extend the problem into the time domain and model the
enhancer activity over the entire circadian time scale not just at a single time point. We utilise the large
collecion of high quality ChiPseq timeseries data on core circadian transcription factors, collected at
different times of the day, in Koike et al (2012) and fit a model to it using Gaussian Process regression, a
state of the art machine learning techniquer. i@oadel allows us to analyse the relative significance of
core clock components as well as to generate potential hypotheses for testing in future wet lab
experiments.
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Conditional gene targeting defines dual roles foZfhx3 in SCN development and in setting
the pace of behavioural rhythms in adults
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Previous work revealed an important and novel role for the transcription factor ZFHX3 in circadian
biology. A dominant missense mutation in the gene resulted in a heterozygous mutant (Sho$ajrcuit;
with shortened circadian period in constant conditions and altered sleep homeostasis. Further
investigations revealed this was due, in part, to dysregulation of key circadian neuropeptides responsible
for intercellular synchrony in the suprachiasmaticleus (SCN). However, as the constitutive knockout
(KO) of Zfhx3is lethal, homozygous mutants have not been behaviourally characterised. Using
conditional mutagenesis we have been able to circumvent the lethality of the constitutive null and
generate contional null alleles oZfhx3to further our understanding of its role in circadian rhythms.
Using this approach both temporally and spatially restricted homozygous knockatligkere

generated.

A ubiquitouslyexpressed inducible Cre driver was usedelete the gene specifically in adult tissues,
thus preserving its developmental expression. In wheeling screens, KO @fhx3in adult mice

caused an acute period shortening of around 1 hour in 70% of mice; the remaining animals lost
rhythmicity in constant conditions. Using the S@NrichedSix3Cre line,Zfhx3was deleted in

developing SCN during embryogenesis. These homozygous mutants were arrhythmic in all conditions
and unable to entrain to a lighark cycle. They were also unable to entraisdcial cues from cagemates
when group housed. Subsequent histological examination revealed that there was an apparent loss of SCN
cell identity in these animals, as there were no visible nuclei present where the SCN should reside.
This work highlightsfie importance oZfhx3in the circadian system, providing evidence that it is
necessary for both maintaining stable adult circadian rhythms and for terminal differentiation in the
developing brain to form a functional SCN.
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Ni ght eat i nfgedisgyatterm causes depressielike behavior with time-
dependence by using a model mouse with night eating syndrome
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Shinjukuku, Tokyo, Japan

The circadian clock regulates the feeding rhythm, and feeding in turn regulates the phase of peripheral
clocks, suggesting a close interaction ewthe circadian clock and feeding. Although human eating
disorder, such as night eating syndrome (NES), may be caused by an abnormality of the circadian clock,
the circadian clock system of this particular disorder has not been investigated yet.lOre oNE S 6 s
characteristics is that their mood decline during the evening and night, contrary to the usually pattern
found in the depression. Thus, we hypothesized that the disturbed feeding rhythm could cause the
depressiofike behavior with timedependenceHence, we tried to elucidate the relationship between
disturbed feeding pattern and depression. A normal diet (ND)adlittb-feeding was given to control

mice, and a higfiat diet for 5 minutes during the inactive period underatib-feeding was gign to

NES model mice. We conducted a forced swimming test at ZT 1, defined as evening for mice, and ZT 13,
as morning for mice, after adaptation to this feeding protocol for 4 weeks. As the result, immobility time
in the NES group was longer than thoséhie control group at ZT 1 but not at ZT13. Moreover, at ZT 1,

the ratio of BHIAA/5-HT in hippocampus was higher in the NES group than in the control group. These
results indicated that NES feeding pattern increaddth®/5-HT in hippocampus and then cads
depressiofiike behavior in the evening.

This work was supported by GraintAid for JSPS Research Fellow (17J10069).
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The circadian clock- a regulator of metabolism and treatment response in cancer cells
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The circadian clock is an internal iimy system that allows for the entrainment of physiological and
behavioural processes to the geophysical time with a periodicity of about 24 hours. It consists of a central
pacemaker in the suprachiasmatic nucleus (SCN) and peripheral clocks in evémyncathmals, the

molecular coreclock entails a distinct set of genes interconnected in regulatory feedback loops. The
resulting oscillations in the expression of coleck genes is passed on to a number of target genes

thereby regulating a variety of presses including metabolism and cell cycle. Disruptions of the clock

have been linked to several pathologies including cancer. Moreover, various studies connect the
disruption of the clock to an enhanced susceptibility to develop cancer, weak treatpemteesnd poor
prognosis. Attempts have been made to apply chronotherapy in cancer treatment, as well as in the usage
of chronomodulating drugs to enhance drug tolerability and treatment response.

We are particularly interested in the role of the circadian clock in caassaiciated metabolic alterations

and changes in drug response. Tonarse microarray data of a primary tumour and its metastatic
counterpart, derived from the same patient, reveaedtions in the corelock and an associated global
alteration of oscillation patterns of gene expression. Among those genes, we identified a group of
metabolic genes belonging to pathways with a putative role in cancer progression and drug response. A
knockdown of the corelock geneBmallin the tested cell lines led to tintkependent metabolic changes

and treatment response. These results further support the role of the circadian clock as a powerful time
regulator of cancer metabolism and treatmespoase with possible future implications in

chronotherapeutic treatment strategies.
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Doublecortin-like protein in hypothalamic tanycytes is involved energy homeostasis

Claudia P. Coomah®Dirk-Jan Saaltink Mayke M.H. TersteégMichel vanWeeghel, Johanna H.
Meijer!, Andries Kalsbe€¥é, Erno Vreugdenhil

ILaboratory for Neurophysiology, Department of Molecular Cell Biology, Leiden University Medical
Center, Leiden, The Netherland®epartment of Hypothalamic Integration Mechanismshiigands Institute for
Neuroscience (NIN) &Department of Endocrinology and Metabolism, Academic Medical Center (AMC),
Amsterdam, The Netherlands

Structural rearrangements of hypothalamic tanycytes have been implicated in the regulation of energy
homeostasis. Moreover, tanycytes regulate the entrance ofltdonanolecules, like leptin, to the brain,
control thyroid hormone signaling and harbor progenitor cells that differentiate into adult hypothalamic
(an)orexic neurons. However, the molecul@chmnisms by which tanycytes operate are largely
unknown. Previously, we have identified a neuroplasticity protein, doubletiggi(DCL), that is
abundantly expressed in tanycytes. As DCL also regulates retrograde transport and neurogenesis, we
hypothegze that DCL is crucial in tanycyte function, and as a result, that kshowek of DCL affects

energy metabolism. To test this hypothesis, we determined energy homeansiasidoxycycline

inducible DCL:-Knockdown (DCL-KD) mice and their littermate contsol

After 3 months, DCEKD mice displayed significantly reduced body weight gain (+15.7% + 4.6 g)
compared to control mice (+35.8% + 5.9 g), which was reflected in reduced fat mass (2.0 + 0.7 gvs 4.6 +
1.3 g, p<0.01), but not in lean mass (26.7 + 1.8 A6 = 1.4 g, ns). In line with the reduced body mass,
the DCL-KD mice had lower haemoglobin Alc (HbA1C) levels (19.2 £ 1.2 vs 20.5 + 0.9 mmol/molHb,
p<0.05), suggesting better glycaemic control in BKID mice compared to control mice. Food intake,
however was not different between D@D and control mice (3.8 £ 0.1 g/day vs 4.0 = 0.1 g/day).
Plasma triglyceride levels, as measured by liquid chromatogiaplsg spectrometry (L-®1S), were
increased in DCIKD mice (1.7 £ 0.1 ratio) compared to littermate trols (1.3 £ 0.1 ratio). Finally,
DCL-KD mice had 2.5 fold more activity of hypothalamic dio2, the enzyme converting inactive T4 into
active T3 hormone.

Together, our data suggest a fundamental role for DCL in hypothalamic tanycytes and energy
homeostasiand as such may form a potential novel target to treat metabolic diseases.
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The timing of prenatal corticosterone exposure programs the circadian stress phenotype of
adult mice

Astiz, Mariana Heyde Isabel; Kolbe, Isa; Oster, Henrik.

Chronophysiology Group, Medical Department |, University of Lubeck. CBBM, Marie Curie 28862 Libeck,
Germany

Epidemiological studies in humans and experiments in rodents suggest that adverse environmental
conditions during embryonic developmenvgram physiology later in life. Stress exposure during

pregnancy induces lorgsting detrimental consequences in the offspring that seem to be related to an
altered functiorinteraction of the circadian and stress systems.

The programming effects of pratal stress are usually studied in animals subjected to various forms of
stress, either at fixed or at unpredictable times. Such multifaceted interventions complicate the
mechanistic examination of the underlying processes. To simplify this, we develagedrastress”

paradigm. The stressor was a single and timed injection of corticosterone either in the morningy(CORT

in antiphase to the maternal circadian glucocorticoid (GC) rhythm) or in the evening @@PRfase

with maternal GCs), every day during the second half of gestation. The offspring were tested for circadian
and stresselated responses as young adults.

We found that the time of the day when the mother is exposed to CORT, is an importamhimiogra

factor, determining the severity of the adult offspring's phenotype. The offspring of @@®Rihers

showed elevated anxiety levels (less open arm entries in the elevated plus maze), impaired stress
resistance (longer immobility periods in the foremdm test), high basal GCs production and impaired
response to acute stress compared to GIRTd norstressed control) offspring. This phenotype was
accompanied by a differential expression of glucocorticoid receptor (GR) aitdr@#R genes, indicating

an altered GR sensitivity of at central and peripheral levels.

Our results indicate the presence of a circadian gating mechanism determining the programming effects of
prenatal stress exposure.
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Quantitative analysis of single cell circadian oscillations in response to temperature

Abraham, U.; Schlichting, J.K..; Kramer, Al.; and Herzel, H.

Body temperaturéLaboratory of Chronobiology, Charit&niversitatsmedizin Berlin, 10117 Berlin, Germany;
Institute for Theoretical Biology, Humboltniversity, Berlin, Germany

Rhythms synchronize circadian oscillations in different tissues, depending on the afeggidar

coupling: the responsiveness to temperature is higher when single circadian oscillators are decoupled. So
far, the role of coupling in temperature responsiveness has only been studied in organotypic tissue slices
of the central circadian pacekeaa. It has been assumed that peripheral target organs behave like an
uncoupled multicellular oscillator. Since recent studies indicate that some peripheral tissues may exhibit
cellular coupling as well, we asked whether peripheral network dynamics filsmae temperature
responsiveness. Using a novel technique for-kengn, highresolution bioluminescence imaging of

primary cultured cells, exposed to repeated temperature cycles, we were able to quantitatively measure
period, phase, and amplitude of tah(suprachiasmatic nuclei neuron dispersals) and peripheral (mouse
ear fibroblasts) single cell oscillations in response to temperature. Employing temperature cycles of
different lengths, and different cell densities, we found that some circadiantehat&s, such as period
responses, appear callitonomous, while others seem to depend on the quality/degree of cellular
communication, e.g. phase relationships, robustness of the oscillation, and amplitude. Overall, our
findings indicate a strongdepench ce on t he cel |l 6s ability for inter
only true for neuronal pacemakers, but, importantly, also for cells in peripheral tissues. Hence, they stress
the importance of comparative studies that evaluate the degree of gan@igiven tissue, before it may

be used effectively as a target for meaningful circadian manipulation.
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Chronic starvation induces expression of the muscle circadian gesc25a25via neural
pathway that might be involved in muscle thermogenesis

Reiko Nakad', Shigeki Shimbj Katsutaka Oish*

Biological Clock Research Group, Biomedical Research Institute, National Institute of Advanced Industrial Science
and Technology (AISTjDepartment of Health Science, School of Pharmacy, Niluwversity, Department of

Applied Biological Science, Graduate School of Science and Technology, Tokyo University of $pamacement

of Computational and Medical Sciences, Graduate School of Frontier Sciences, The University of Tokyo

*Current affiliation: Department of Nutritional Physiology, Institute of Biomedical Sciences, Tokushima University
Graduate School

We recently found that the mRNA expressiorstif25a25a C&*-sensitive ATP carrier in the inner
mitochondrial membrane, fluctuates iniecadian manner in mouse skeletal muscle. We showed here that
the circadian expression of mus8k25a25vas damped i€lockmutant, musclespecificBmall

deficient, and globaBmalldeficient mice. Furthermore, ketogenic diet (KD) that mimicgarvation
induces timeof-day-dependent hypothermia (torpor), indu&d25a25mRNA expression in skeletal
muscle. Hypothermia induced by KD did not affect thermogenic genes s@alcabpin andPgclain
muscles antUcplin adipose tissuesciatic denervatioabolished circadian and kibduced
Slc25a2%expression, suggesting that the circadian clock regulates nBls2Ea2%expression via neural
pathways.

We measured body temperature (irbciatic denervated mice fed with KD to determine the functional
role of KD-inducedSlIc25a2%xpression. Sciatic denervation abolisicl5a25%xpression and
augmented KEinduced hypothermia compared with shaperated mice, but did not affect Tb incai
given a normal diet. These findings suggest that chronic starvation induces expression of the muscle
circadian gen&lc25a25%via neural pathways, and that SLC25A25 might be involved in muscle
thermogenesis under starvatimluced hypothermia in mammals
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Doublecortin-like and doublecortin in the mouse, rat and human suprachiasmatic nucleus:
differences and smilarities

Erno Vreugdenhll Suzanne LanodijKarin de Nij$, Tommaso Nobili Vincent van Fulpefhn Mayke
Tersteeg, Rawien Bale$adokeMeijer!, Dick SwaaB, and Claudia Coomahs

1L aboratory for Neurophysiology, Department of Molecular Cell Biology, Leiden University Medical Center, 2333
ZC Leiden, the Netherlang®epartment of Neuropsychiatric Disorders, Netherlands Institut&léuroscience,
Institute of the Royal Netherlands Academy of Arts and Sciences, Amsterdam, the Netherlands.

@)

Doublecortinlike (DCL) is a microtubuleassociated protein, which is crucially involved in neurogenesis.
DCL enables embryonic migration of nenab precursor cells to their destination by rearrangements of

the cytoskeleton and of the plasm&mbrane. Doublecortin (DCX) is highly homologous to DCL. In the
adult brain, both DCland DCXare expressed in neurogenic regions such as the subgranular #wne
dentate gyrus. However, DQlbut not DCX is uniquely expressed in a number of restricted adult brain
nuclei including the mouse suprachiasmatic nucleus (SCN). To investigate the possible involvement of
DCL and DCXin circadian rhythmicity, we angted their expression in the mouse, rat and human SCN

by immunohistochemistry. In line with our previous findings, we found B@.not DCX staining in the

SCN of melatonirdeficient C57BI/6J mice, in the dorsal but not in the core region. We repeated DCL
DCX double staining in the melatorproficient C3H mouse strain with similar results, indicating that
melatonin signaling is not involved in DCL or DCX expression. Surprisingly, in the rat SCN, we found
profound DCXexpression in the core region and D&tpression in the dorsal region. Moreover, in the
human SCN, we also observed D@absitive cells, while DCXtaining was absent. To investigate the
natureof DClLe x pr essing cell s, we performed i mmunohistoc
markers forastrocytes and neurongVe found that DCL is expressed in dorsally located astrocytes in the
SCN and not in neurons. We concluded that DCL is expressed in astrocytes in the dorsal region of the
SCN of mouse and rat and in the human SCN. Our data fetggests that DGmediated structural
rearrangements of dorsally located astrocytes are important for the generation of circadian rhythmicity in
rodents and possibly in humans.
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Rhythms in VIP cell output within the mouse suprachiasmatic nuclei

Walmsley, L., Paul, S., Hanna, L., Kulick, S., Brown, T.M.

The University of Manchester

The suprachiasmatic nucleus (SCN) contains a neurochemically and functionally diverse group of
neurons that, collectively, generate precisely timed neural outpobtdinate downstream physiology.
Cells expressing vasoactive intestinal polypeptide (VIP) play an essential role in synchronising SCN
network activity, yet the extent to which VIP cells actually convey rhythmic output signals remains
controversial. Here gruse in vitro multielectrode array recordings from the SCN, coupled with
optogenetic identification of Channelrhodopstagged VIP cells, to address this issue. We show that
VIP neurons display tightly coordinated and robustuigit rhythms in spontanes action potential

firing, with peak activity across the midte projected day. By contrast, while electrophysiological
rhythms in individual notVIP cells are similar in amplitude and overall waveform, as a population these
are considerably more brogdlistributed across the circadian day. In summary, our data provide new
insight into SCN network organisation and suggest that VIP cells are well placed to provide a strong,
precisely timed rhythmic output signal to downstream effector nuclei.
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Dim-light-melatonin onseti the influences of season and weekly structure

Giulia Zerbint, Till Roennebergj and Martha Merrow?

(1) Chronobiology unit, Groningen Institute for Evolutionary Life Sciences, University of Groningen; (2) Institute of
Medical Psychology, LudwigaximiliansUniversity, Munich, DE

Like other organisms, humans adapt their physiology to the regutam4changes in the environment

with the help of a circadian clock. It synchronises (entrains) to cyclic environmental sijasdby
establishing a stable phase relationship to these zeitgebers. Light is the most important zeitgeber for
humans. Although entrainment has been extensively investigated in laboratories, only few studies have
probed entrainment in real life conditiotyy considering individual differences in phase of entrainment
(chronotype), and under varying light environments. Here, we report results of investigating the influence
of season (summer vs. winter) and weekly schedule (workdays vsfieertétays) on pdise of

entrainment (assessed via dight melatonin onset; DLMO).

We collected data about sleep and activity in 33 participants for 1Gtapproximately the 2%of June
(longest photoperiod) and thes2df December (shortest photoperiod). In additiwve assessed DLMO

on a workday and on a wefkee day, both in summer and in winter.

While all parameters varied according to the weekly schedule, none showed associations with season.
Sleep and activity were later on wefiiee days. A chronotypdependat influence of daily activities or
schedule on DLMO was found, with the latest chronotypes showing a later DLMO oiire®days.

Morning light (between 6:00 h and 12:00 h) was the strongest predictor for the variation in DLMO, with
increased exposure morning light associated with an earlier DLMO. Late chronotypes were exposed to
less and later morning light on weftlee days relative to workdays in comparison with early chronotypes,
possibly explaining the difference in DLMO between workdays and sveekdays.

Our results show that the habitual weekly schedule of late chronotypes is able tehiftakeir DLMO
between workdays and woftee days. To counteract this delay over the weekend, late chronotypes
should increase their morning light expason workfree days.
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Functional connectivity of the default mode network is linked to circadian phenotype,
psychology and performance

FacerChilds B2, Campos BM, Cendes ¥ Middleton B, Skene DY Bagshaw AP®

1Schoolof BiosciencesUniversity of BirminghamBirmingham B15 2TT UK; 2Centre for Human Brain Health,
University of BirminghamBirmingham B15 2TT UK; 3Schoolof Medical SciencesUniversity of Campinas
Campinas SP, 1308370, Brazi] “Faculty of Health & Medicaciencesyniversity of SurreyGuildford, GU2
7XH, UK; ®Schoolof PsychologyUniversity of BirminghamBirmingham B15 2TT UK

Introduction: Functional connectivity (FC) of intrinsically connected networks is important for normal
cognitive functioning and disruptions of FC have been associated with neurological disorders, as well as
FC changes arising from sleep disruptions. However theiraited research on the impact on FC of
circadian phenotype or time of day. The aim of this study was to investigate FC differences associated
with the default mode network (DMN) between early and late circadian phenotypes (defined by
guestionnaires, phasearkers and actigraphy).

Methods: Thirty eight participants took part (N = 38, 14 male, age 22.74+0.68y), categorized into two
groups by the Munich Chronotype Questionnaire (Early n=16, Late n=22). After completing sleep related
guestionnaires, phydagical sampling (melatonin and cortisol) and actigraphy, participants attended the
Birmingham University Imaging Centre (BUIC) at 14.00h, 20.00h and 08.00h. Testing consisted of a
resting state functional MRI scan (TR=2s, 3x3x4mm voxels) and a struCTiuMRI scan (1mm

isotropic) in a 3T Phillips scanner with a-8Rannel head coll, that was proceeded by cognitive and
physical performance testing at the same faci8ged based FC analysis from the mesial prefrontal
(mPFC) and posterior cingulate cogs (PCC) was performed using MATLAB with toolboxesOland
SPM12.

Results: Analysis indicates that Early circadian phenotypes have increased DMN FC compared to Late
circadian phenotypes at all times of day (FDR corrected at p<0.05). For both seeds (PCC and mPFC)
there were significant differences from the seed to the bilatdeaior temporal gyri, angular gyri,
parahippocampal gyri and right anterior insula as well as between the PCC and mPFC. FC correlation
values between the PCC and mPFC correlated with chronotype as well as performance variables.
Conclusion: There are gjnificant differences in resting FC patterns between Early and Late circadian
phenotypes. This stugyrovides insight into how circadian phenotype is linked with FC.
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Role for p160 coactivators in amplitude of circadian oscillation

Megumi Kumagdi Yoshihiro Nakajimd Masaaki Ikeda

1 Department of Physiology anslolecular Clock Project, Research Center for Genomic Medicine, Saitama
Medical University, Saitama, JapafHealth Research Institute, National Institute of Advanced Industrial Science
and Technology (AIST), Kagawa, Japan

The members of the p160 family of coactivator, which include-2RGRIP1 and pCIP are involved in

the transactivation of nuclear hormone receptors such as glucocorticoid receptors by binding them

directly and recruiting CBP/p300 cofactors. It is knowrt B@alltranscription is positively and
negatively regul-BtleUd, bye ROKRdU@inde Rgyv Vvi-RE)IBA& r espol
intheBmallpr omot er regi on. I n t his sstimudtgdBmaldte demonstr a
transcription was enhangéy p160 factors significantly. No enhancement was observed Bnihél

promoter with deletion ofthe ROREs. Two hybrid studies indicated t
directly. Transfection of p160 expression constructs enhanced the ampliBiaaldfpromoter

oscillation without affects on phases and period lengths. Dominant negative p160 coactivators reduced

the amplitudeThese results indicate that p160 have important roles in the regulaBomadf oscillation.
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Non-canonical functioning d the molecular clock in pluripotent cells

Amador Gallardo de los Reye#aria Romo Lozancand David Landeira

1Group of Epigenetics in Stem Cells and Cancer, Department of Biochemistry and Molecular Biology Il, University
of Granada, Centre foGenomics and Oncological Research (GENYO), Avenida de la llustracion 114, 18016
Granada, Spain

Circadian oscillations are daily periodic fluctuations of transcripts and proteins with a very significant
impact in the regulation of gene expression progranadl cell types of the human body. This gene
expression fluctuations are regulated by several feedback loops generated by the molecular clock every 24
hour. Emerging studies show that the molecular clock is a source-oéttdilinctional heterogeneiin

adult stem cell populations and might play a key role in cell differentiation. In the case of pluripotent
Embryonic Stem Cells (ESCs) sparse evidence suggests that components of the molecular clock do not
fluctuate following a circadian pattern. Howeythere is contradictory evidence that suggest that glucose
uptake follows a circadian pattern in ESCs. Our preliminary results show that expression of core
components of the molecular clock in "naive "and "primed" ESCs is similar to the level fougid in ¢

types with canonical functioning circadian oscillations such as neural stem cells and fibroblasts. Taken
together, published studies along with our early results suggestaanonical functioning of the

molecular clock in ESCs. We will discuss theplivations of our observations as well as future

directions.
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Different responsiveness of rat hypothalamic SCN, DMH, arcuate nuclei and liver to food
reward

Iveta Herichov4 Kristina Voglova, Boris Mraveé?, Dorota Kavicka

! Department of Animal Physiology and Ethology, Faculty of Natural Sciences, Comenius University, llkovicova 6,
842 15 Bratislava, Slovak Republfcinstitute of Physiology, Faculty of Medicine, Comenius University, Sasinkova
42, 813 72 Bratislava, Slovadkepublic 2 Institute of Experimental Endocrinology, Slovak Academy of Sciences,
Vlarska 3, 833 06 Bratislava, Slovak Republic

A food reward can serve as a synchronizing cue for the circadian system but ways how its regulatory
effect takes place are unclear. We investigated effects of food reward with small hedonic and caloric
value provided for 3 or 16 days during light phas@4if cycle to Wistar rats. Gene expression profiling
was used to identify genes responsive to food reward. Transcriptionaldgciavas identified as a

possible mediator of food reward effect. In parallel veiginl, expression oper2was measured in the
suprachiasmatic (SCN), arcuatus (ARC) and dorsomedial (DMH) hypothalamic nuclei and liver by real
time PCR. Locomotor activity and plasma metabolites were determined to monitor overt daily rhythms.
Effect of food reward on gene expression was comparefiect of light pulse. Evaluated tissues showed
a distinct daily pattern iper2expression that was emphasized or unchanged by food reward
administrationper2 expression was responsive to the light pulse only in the SCN and ARC. Expression
of egrlwas rtythmic in the SCN, DMH and liver and food reward weakened or diminished this rhythm.
Expression oégrlwas light inducible in all tissues. Daily rhythm in glycemia was amplified by food
reward. On the contrary, daily pattern in triglycerides concentratiaweakened by food reward. We
suppose thatggrlcan mediate synchronizing effect of food reward in the DMH and possibly integrate it
with other signaling to the SCResearch was supported by VEGA 1/01/0499/15.
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Peripheral host circadian rhythmsdrive rhythms in parasite replication

Kimberley F. Priof, Daan R. vander Veén Ai d an J, .Sandé B.0. RurigNicholas J.
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Unstitutes of Evolution, Immunology and Infection Research, University of Edini&atgthurgh, UK 2Faculty of
Health and Medical Sciences, University of Surrey, Guildford;, ¥@¢€ntre for Immunity, Infection and Evolution,
University of Edinburgh, Edinburgh, UK

Circadian rhythms are thought to have evolved to enabldifiag organisns to synchronise the

processes underpinning survival and reproduction to daily changes in the environment. Rhythms also

enable parasites to maximise fitness in the context of ecological interactions with their hosts. Daily

rhythms are usually maintaineg transcriptiortranslation feedback loops but how parasite rhythms are

driven is a mystery. Because the rhythms of parasites matter for their fithess, understanding how they are
regulated could lead to innovative ways to reduce the severity and spdiseasies. We examine how

host circadian rhythms influence the daily developmental rhythms that underpin theheihin

replication of malaria parasiteSiven that rapid replication is responsible for the severity of malaria
infection and fuels transmissin of t he di sease, it is remarkable ¢t
are not understood. We mistime feeding regimes of hosts by 12 hours (i.e. diurnal feeding in nocturnal

mice) todesynchronise their peripheral oscillators from the centralaeiin the brain. In mice with an

altered feeding schedule, the development rhythmsdgint malaria parasité®come inverted relative to

the rhythms of parasites in control hosts. Ourresulise nt i fy that the hostods per
with the timing of feeding and metabolism, but not rhythms driven by the centraletigiained

circadian oscillator in the brain, are responsible for parasite rhythms. Furth@aridsite develapent

remained synchronous whilst the phase of their rhythms changed suggests that parasites organise their

own rhythms based on a tireé-day cue in their environment. Counter to expectation, the severity of

symptoms experienced by hosts was not affecyedebynchronization of their central and peripheral

rhythms. Our study illustrates that the intersection of disease ecology and chronobiology opens up a new
arena for studying hogtarasitevector coevolution and has broad implications for applied bioseien
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A mechanisticmodel for the yeastrespiratory oscillation

Hoyle! NP, Tourigny DS, RobertsohlB, Edgat RS, FrezzaC, da CostaSH, Peak Che#S, Day J,
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IMRC Laboratory for Molecular Biology, Cambridge Biomedi€almpus, Francis Crick Ave, Cambridge CB2
OQH, UK: °Middle Tennessee State University, 2053, MTSU Box 60, Murfreesboro, TN 37132, USA
3Columbia University Medical Center, Dept. of Pathology and Cell Biology, 630 W.St68NYC, NY 10032, USA

Yeast respiratory oscillations (YROSs), are metabolic rhythms that share diverse features with circadian
rhythms including temperature compensation and period determination by casein kinase 1, suggesting
they either represent an ancient and conserved plemnthat is likely to be driven by mechanisms
common to all aerobic eukaryotes, or draw on general metabolic functions. The YRO is highly amenable
to systemswide analysis. We have generated a comprehensive description of metabolites, proteins and
proteinmodifications in yeast undergoing oscillations of different periodicities and used it to derive a
guantitative mechanistic model. Our data identifies novel features shared between circadian rhythms and
YROs, describes a logic for the sequential occurrefdéstinct metabolic processes and shows how the
remodelling of cellular function is underpinned by cycles of anabolism and catabolism.

119



P.42
Identification of individual circadian rhythms in fibroblasts from idiopathic hypersomnia

H. Halfter, L. Materna, J. P. Lippert, A. Heidbreder, M. Boentert , D. Réhr, P .Young

Department of Sleep Medicine and Neuromuscular Disorders, Muenster University HospitalS&lnesgitzer
Campus 1, Muenster, Germany

Most of all organisms hawedopted to a circadian rhythm of almost 24h that is determined by the cycle of
light and darkness. The circadian timeline is based on a molecular genetic network of transcriptional
feedback loops of clock genes including transcription factors like Bmayl/Zand Per1/2/3. It has been
shown that the molecular clock is cell autonomous and the period length calculated from skin fibroblasts
represents sleep behavior in test subjects.

Methods:

Patients suffering from idiopathic hypersomnia (IH) were scitbgepolysomnography in our sleep
laboratory and diagnosed according to the IC8EX@ria. In order to gain insight into the molecular
mechanism of the disease we collected fibroblast from skin biopsies of IH patients and healthy subjects.
Initially, the expression of circadian genes had been analyzed HByGR from RNA obtained from
fibroblasts of IH patients.

To get further insights in the regulation of circadian rhythm we determined the period length of the
fibroblast cells by lentiviral infection with construct expressing the luciferase gene under the control of
a Bmall promoter. Luminescence was detected from fibroblasts after infection and addition of the
luciferase substrate luciferin. The period length of the fibroblasts was calculated usingttbyché

software (Actimetrics, USA) with the running average method.

Results

In fibroblasts from patients suffering from idiopathic hypersomnia, clock gene expression exhibited a
diminished amplitude &MAL1which was significantly reduced by 63% (P&®4) compared to healthy
controls. The amplitude 6fER1was reduced by 45% (P=0.048) compared to the control group. Analysis
of the circadian period of the fibroblasts revealed an increase in period length by about 0.5 h from 25.1h
(healthy control) to 2%h (IH).

Conclusion

We found deregulation of the expression of circadiack genes in terms of dampening of the amount of
MRNA and a shift in the circadian period towards longer periods. Although it is not clear whether this a
conseguence or a causfehe sleep behavior pattern of the patients it suggests that the patients might
benefit from treatments correcting the circadian period length.
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Circadian disruptions and proinflammatory response in the rat colon

Lenka Polidarova, Pavel Houdeklefha Sumova

Department of Neurohumoral Regulations, Institute of Physiology, The Czech Academy of Sciences, Prague, Czech
Republic

Daily regulation of behavioural and physiological processes is maintained by the function of the circadian
system thatonsists of the principal clock in the suprachiasmatic nuclei of the hypothalamus and
peripheral clocks. Epidemiologic studies have demonstrated that chronic circadian disruptions, e.g., due
to irregular lifestyle/working schedule or aging, may lead talthelopment of severe disorders

including gastrointestinal inflammatory diseases and various types of cancer. The development of these
disorders and circadian disruption are tightly related to changes in the state of the immune system.

To study the impaatf circadian disruptions on the immune system, we aimed to ascertain the effect of
various conditions affecting the circadian regulation of behaviour on the expression of selected immune
mar kers, namely Tnf U, T 1a,nll 17ra, Stat3 and Rgs
We found out that circadian disturbances, assessed at the behavioral level as a sleep/wake cycle
disruption, correlated with the impact on the immune state in the colon. The aging with or without
melatonin had only a minor effect on behaviour slightly promoted pranflammatory state in the colon

via downregulation of the anftiflammatory marker Rgs16. Similarly, procedures involving repeated

phase shifts of the light/dark cycle significantly decreased the expression of Rgs16 in the colip, Nota
exposure to constant light, which led to abolishment of the circadian behavioural activity, robustly
upregulated the expression of pndlammatory markers in the colon.

The results showed that disruptions of the circadian behavioural activity atetirgleep/wake cycles

may induce selective priaflammatory responses in the colon of healthy animals. The data demonstrate
the relationship between circadian disruptions due to the modern lifestyle and the incidence of various
gastrointestinal diseasesddated to inflammation.
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Effect of lightning conditions on the adult and aged SCN clock of PER2::LUC mice in vitro

Lenka Polidarova, Martin Sladek, Zuzana Novosadova, Alena Sumova*

Department of Neurohumoral Regulations, Institute of PhysiotbgyCzech Academy of Sciences, Prague, Czech
Republic

The mechanism of ag#ependent worsening in circadian regulation of behavior is still poorly understood.
Specifically, it is not clear to what extend the ability of the circadian clock in the sigsaettic nuclei

(SCN) to generate the rhythm is affected by aging. We studied the effect of aging on the bioluminescence
rhythms of the SCN explants fromPer2""#*mice that were maintained in LD12:12, DD or LL
conditions. Under LL, which worsenecethgeinduced effect on behavioral rhythms, a marginal age
dependent effect on in vitro rhythmicity in explants containing selectively the middle regions of the SCN
was apparent. The effect was likely due to weakening in the coupling among oscillapasific sub

regions of the SCN. Under LD12:12 and under DD, the SCN ability to produce bioluminescence rhythms
in vitro was not compromised in aged mice although aging significantly affected theid8@N

locomotor activity rhythms. Therefore, our rdsudemonstrate that although the age worsened the SCN
output rhythm, the SCN molecular core clock mechanism itself was relatively resilient to aging in these
same animals, suggesting that pathways responsible for this phenomenon are downstream of the core
clock mechanism.

The study was supported by Czech science foundation grant P30412G069.
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Diurnal changes in T cell populations at sites of chronic inflammation

Hand LE, Dickson SH, Hepworth MR and Gibbs JE
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The circadian clock regulates many aspects of immunity, and a functional clock is critical to regulate

acute responses to pathogens. Relatively little is known about the role of the clock in regulating ongoing
persistent inmmation, such as the chronic joint inflammation underlying rheumatoid arthritis (RA).

Typically, RA patients exhibit heightened levels of circulatingipfammatory cytokines in the early

morning, accompanied by increased joint stiffness and pamredéntly showed that the murine model

of inflammatory arthritis- collagen induced arthritisreplicates these observations. A functional

oscillator persists within the inflamed joints of mice, driving circadian rhythms imfisonmatory

markers. Tere is a significant repressionofpron f | ammat ory mar kers during ¢t}
(ZT12 and ZT18), which was accompanied by an increase iinflatnmatory markers (Hanek al,

FASEB 2016).

Analysis of the cellular composition of arthrij@ints during the peak (ZT6) and nadir (ZT18) of
inflammation revealed that whilst macrophage and neutrophil numbers remain consistent, numbers of
CD3+ T cells are higher at ZT18. Further analysis revealed that of the T cell subtypes analysed, only
regubtory T cells (Tregs; CD3CD4* CD25" FoxP3) showed significant diurnal fluctuations in numbers
at the site of inflammation. Furthermore, expression of Treg activation markers, such as neuropilin 1
(NRP1), increased at ZT18. Tregs are critical for @dimig the magnitude of immune responses and
suppressing the development of autoimmune disease. They inhibit fimflgmamatory activity of CD4

and CD8 T responder cells and of macrophages. Intriguingly our studies suggest the absence of a
functiond clock within Tregs.

To conclude, we suggest that under chronic inflammatory conditions, circadian derived signals induce

dynamic changes in the numbers and activity of Tregs, resulting in enhanced suppression of inflammatory
pathways during the active phase.
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FacerChilds B Campos BM, Middleton B, Skene DY Bagshaw AP®

1Schoolof BiosciencesUniversity of BirminghanBirmingham B15 2TT UK; 2Centre for Human Brain Health,
University of BirminghamBirmingham B15 2TT UK; 3Schoolof Medical SciencesUniversity of Campinas
Campinas SP, 1308070, Brazil;*Faculty of Health & Medical Sciencedniversity of SurreyGuildford, GU2
7XH, UK;>Schoolof PsychologyUniversityof Birmingham Birmingham B15 2TT UK

Introduction: In additionto the 24h lighidark cycle research also suggests that human circadian

rhythms can be phase shifted by other-photic stimuli e.g. food, exercise and social cues. In this study,
we investigated whether late circadian phenotypes can be phase advangewmgharmacological
interventions (sleep timings, exercise and diet) in a real world setting.

Methods: Participants (N=22, 7 male, average age 21.32+0.70y) were randomly assigned to an
experimental (n=12) or control (n=10) group. All individuals pteted sleepelated questionnaires,
provided saliva samples to measure melatonin and cortisol at the start and end of the study and wore
Actiwatches throughout. After&eeks acclimatization participants visited the Birmingham University
Imaging Centred undergo testing at 14.00h, 20.00h and 08.00h, consisting of cognitive and physical
performance testing. Both groups were then given a schedule to follow for three weeks before returning
for repeat testing. Schedules included changes in sleep timkagsise and diet which aimed to phase
advance individuals (experimental) or not (contrétesults were analysed using GraphPad Prism7
software with tweway ANOVA and post hoc tests.

Results: Individual reaction time (psychomotor vigilance task) amdnistric grip strength were

significantly better at 08.00h after interventions than before. Actigraphy data showed a significant phase
advance in both sleep and wake up times coupled with a phase advance in both melatonin (DLMO) and
cortisol (time of peakoncentration) rhythms. Depression, anxiety and stress scales also significantly
decreased after the interventions. There were no significant changes in the control group for all
parameters discussed.

Conclusion: This study has shown that we areabletsuccessfully shift | ate ci
physiology and behaviour and that this phase advance has a positive effect on psychology and
performance. This could provide exciting new behavioural techniques to aid in optimizing performance
and weltbeirg.
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The master circadian clock of mammedsides in the suprachiasmatic nucleus (SCN) in the
hypothalamus, ansynchronizes to the environmental liglark cycle. Light pulses induce phase shifts of
the clock, the direction and magnituokeing dependent on the timing: light at subjective early night
causes phasgelays, light at subjective late night causes plaas@ances. Similarly to nocturnal light
exposure, intracerebroventricular injections of the cholinergic agonist carbachol inpliasic clock
resetting. Here, we examined the effects of carbachol on clock gene expregsohlirc SCN slice
cultures. The administration of carbachol &tfRafter the peak d?erl-luc expression delayed the timing
of the next peak, but advanced it when administerg@tBafter the previous one. These biphasic effects
were inhibited by muscarinic antagonist atropine but not by nicotinic antagonist mecamylamine. Analysis
of muscarinic reeptor subtypes expression in the SCNrbgitu hybridization revealed the presence of
M3 and M4 in the SCN. These findings suggest that carbachol-depsadently induces phaadvances

or phasedelays via these muscarinic subtypes. From these datdysgeved that the phasesponse

curve to carbachol is shifted to the left compared to that of NMDA, suggesting that the opening of the
cholinergic gate occurs earlier and may interact with subsequent NMDA signaling.
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Background:Circadian misalignment has been associated with obesity and insulin resistance. Recently,
we demonstrated a dayght rhythm in human skeletal musahitochondrial function. It is tempting to
suggest that a reduced or a shifted rhythm of mitochondrial function might be involved in the
development of insulin resistance by circadian misalignment. However, direct effects of circadian
misalignment on pepheral insulin sensitivity have never been investigated.

Methods:Fourteen healthy young lean men participated in a randomizedayressstudy to determine

the influence of controlled circadian misalignment on insulin sensitivity, assessed by hyperinsulinemic
clamping. Participants were studied afterda¥ control pgod and after a 3:-8ay misalignment period
performed by a I2apid shift in a respiration chamber, isolated from time cues. Whole body indirect
calorimetry was performed to assess resting metabolic rate and substrate oxidation. Sleeping metabolic
rate (31R) was measured with whole room indirect calorimetry. Glucose, FFA and triglyceride levels
were determined in plasma samples after an overnight fast (either at 7 AM or 7 PM).
Results:Circadian misalignment resulted in a significant decrease in insintinlated glucose disposal
(Glucose infusion rate: 8.7 + 1M8.7.8 £ 1.8 mg/kg/min; contrals. misalignment; p=0.04). Fasting
glucose and FFA levels were higher in circadian misalignment (Glucose: 5. 9.2 + 0.2 mmol/l;
controlvs.misalignmentp=0.01; FFA: 390 + 17%s.525 + 179 umol/l; controls. misalignment;

p=0.006).

Participants had higher SMR in circadian misalignment (4.94 +\&.4814 + 0.57 kJ/min; contrals.
misalignment), while resting metabolic rate tended to increase (EB¥s.5.33 + 0.63 kJ/min; control
vs.misalignment; p=0.08).

ConclusionsControlled circadian misalignment leads to decreased peripheral insulin sensitivity,
supporting a causal role of circadian misalignment in the development of type 2 diabétes. iratther
analysisi including markers of mitochondrial metaboli$ns currently ongoing.
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Downregulation of Deiodinase 3 is the earliest event in both photoperiodic and
photorefractory activation of the gonadotropic axis in seasonal hamsters

Milesi, Sebastien, Simonneaux, Valerie, Klosen, Paul
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Mammals adapts their physiological functions like reproduction or metabolism to the seasons. The major
environmental synchronizer is the light duration during 24h called photoperiod. Reproduction in most of
the mammals is activated by summer long photodexrhereas it will be inhibited in winter short

photoperiod. If inhibitory short photoperiod is maintained over 20 weeks reproduction axis will escape to
the photoperiodic control and reactivate endogenously. On male Siberian hamster, an hypothetic
molecuar pathway linking change in photoperiod to change in reproductive capability has been proposed.
The melatonin is synthetized by the pineal gland only during the night. The summer short melatonin
peaks remove the inhibition of the melatoninpams tuberdis TSH production. This TSH will stimulate
tanycytes and induce overexpression of Deiodinase 3 and inhibition of Deiodinase 3. This lead to a global
increase of active thyroid hormone T3 in the mediobasal hypothalamus. By an unknown mechanism, T3
would increase neuropeptides Kisspeptin and RFRP3 exprd§sonl et al., 2006, 2008wo well

know regulators of the hypophygmnadotropic axis (HPG &.

However, nothing is known about the endogenous reactivation of the reproduction. My goal was to
confirm the hypothetic pathway and study its role in the endogenous reactivation. My results suggest the
presence of an activation mechanism using 2 pathveafast one Deiodinase 3 dependent and a slower

one TSH, Dio2 and neuropeptides dependent. Dio3 catabolize thyroid hormones which are able to
activate the reproduction, the next part of my project is to confirm that Dio3 inhibition is enough to
producea hypothalamic T3 peak able by itself to produce HPG axis activation. To finish we will analyze
effects of Dio3 potential regulators suggested by bibliography, and we will research other candidates by
RNA-seq.
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Circadian expressinof clock genes is detectable in most tissues in mammals. However, unlike other
peripheral tissues, several reports have shown that the testis does not exhibit circadian oscillation,
although they express clock genes. First, we examined expressioraled@lscillation of 9 clock genes,

Perl, Per2, Per3, Bmall, Npas2, Dbp, Cryl, Cry2,aneeRedo U i n C57BL/ 6J mice.
previous reports, circadian oscillation of clock genes was not detected in the testis, whereas, circadian
oscillation was clady seen in the liver and white adipose tissue (WAT). Expression levels of Perl, Per2,
Cryl, and Cry2 were significantly higher in the testis than in the liver and WAT. Next, we examined
reporter luminescence of PER2::LUC in cultured testis explants.eBléts showed that the testis

explants displayed clear luminescence of circadian oscillation under cultured condition. Seminiferous
tubules and interstitial cells showed similar circadian oscillations. Bioluminescent analysis at the cellular
level showedtat many cells in the seminiferous tubules show clear luminescence of circadian oscillation.
Notably, the phase of circadian oscillation of the testis explants depended on the time elapsed since the
beginning of culture, whereas the phase in the liveratpldepended on the subjective time in the

mouse. Moreover, typical synchronizers for peripheral tissues, such as dexamethasone, insulin, or
temperatureehange also cause phase shift in the testis explants. These results suggest that many cells in
the tesis have circadian clocks and are easily synchronized by culture stimuli.
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Aging is often accompanied by fragmentation or loss of circadian rhythmidighafvior in mice, which

is suggested to be a consequence of reduced synchronization of rhythms in electrical activity in neurons
of the suprachiasmatic nucleus (SCN). The SCN is essential for coordinating circadian rhythms in
physiology and behavior, andrmr also encode day length. Exposure to{dag photoperiod results in a

wider phase distribution of singteell oscillations in electrical activity and clogiene expression when
compared to shoday photoperiod. It is assumed that this contributesaet@diaptation to seasonal

changes in the environment. In this study we investigated the effect of aging on the behavioral response to
different photoperiods and whether this is correlated to aigohgced changes in gene expression

rhythms in the SCN.

We measured the behavioral and gene expression rhythms igewamold mice. Behavior was recorded

with passive infrared sensors, and gene expression using bioluminescence imaging of
PERIOD2::LUCIFERASE. Prior to startirig vitro recordings of PER2 gene exps@&Es in the SCN,

mice were exposed to either a long (LP; Light:Dark; 16h:8h), or short (SP; Light:Dark; 8h:16h)
photoperiod.

We found that with respect to behavioral rhythmicity, old mice are less capable of adjusting to
photoperiodic changes compared tmgg mice. Conversely, the response in PER2 gene expression
rhythms to photoperiodic changes seems to be largely intact; both in young and in old micegflingle
PER2 clock gene expression is more dispersed in long photoperiod; the peak time distribution
represented by the standard deviation of the first peak in PER2 expiiesssrsignificantly larger in

long days than in short days (young: LP, SD = 2.32h, SP, SD = 1.28h P < 0.001; old: LP, SD = 2.99h, SP,
SD =1.34h, P < 0.001). These data sugdestdgingrelated deficits in adaptation to different

photoperiods are downstream from the molecular clock.
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Though it has been known for several decades that daily rhythms are disrupted in pafenmsg from

major depressive disorders, the cellular and molecular mechanisms linking aberration in circadian / sleep
rhythms and mood disorders is not well understood. The Social Zeitgeber theory of mood disorders
proposes that stressful life eventsuses sleep/wake schedule that alters cellular and molecular rhythms

in vulnerable individuals, leading to mood disorder. Brain regions implicated in-ragathtion and

reward exhibit circadian oscillations in gene expression, neural activity, neurdttansimd receptor

levels. Furthermore, neuroanatomical observations show robust circuit connections between the circadian
master clock, suprachiasmatic nucleus (SCN) and sleep promoting region, the ventral lateral preoptic
nucleus (vVLPO), to brain regiotisat regulate mood and motivated behaviours such as the Ventral
Tegmental Area (VTA), Dorsal Raphe Nucleus (DRN), Lateral Habenula (LHb), Laterodorsal Tegmental
Nuclei (LDTg) and Pedunculopontine Tegmental Nuclei (PPTg). We use a combination of a rodeint m

of depression, the chronic social defeat (CSD) stress paradigm together with in vitro / in vivo
electrophysiological techniques and wheel running activity to determine the effects of stress induced
expression of depressidike behaviour on neural aeity in brain regions regulating mood, circadian and
sleepwake rhythms. We present preliminary evidence showing the effects of stress on: a) neural activity
of brain regions that encode for mood and motivational behaviours such as the LHb, VTA, DRN and
LDTg and b) circadian rhythmicity and sleepke cycle.
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Neuro-anatomical changes of the SCN in hypertension; cause or consequence?
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Accumulating evidence from human and experimental data indicates the involvement of the
Suprachiasmatic Nucleus (8Cand clock genes in the pathophysiology of hypertension. Cry null mice
exhibit saltdependent hypertension and AVP and VIP neurons of the SCN were depleted in SCN of
human hypertensive patients. Besides, transplantation of hypothalamic tissue coB@Mifrgm

hypertensive rats to normotensive ones results in development of hypertension. Consistent with these
anatomical data, hypertensive animals show several disturbances in their circadian rhythms as human
hypertensives i.e. inverted and rdipping bbod pressure profiles. In spite of this evidence on SCN and
clock genes involvement of hypertension, most of the studies have focused on long term alterations. In the
current study we investigated whether the observed anatomical changes of the SCN caute loe
conseguence of hypertension. A set of experiments analyzed the development of the SCN in
spontaneously hypertensive rats (SHRs) and their normotensive controls, as well as aft€oRikilait

induced hypertension in rats and their shaperateccontrols. Neuroanatomical evaluation of the
hypothalamic tissue containing the SCN was performed before, at the onset, and after the animals
established hypertension. Optical density analysis revealed increased VIP but decreased AVP content in
SCN only afer animals established spontaneous hypertension. In contrast in thea#dilatt induced
hypertension animals no changes in the SCN could be observed. These results suggest that early changes
in the SCN could be responsible for the onset of hyperteirsiBHR animals, on the other hand lack of
changes after induction of hypertension indicate that increased blood pressure does not immediately
change neuropeptide production in the SCN.
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Paraspeckles are proteinaceous subnuclear structures assembled around the two isoforms of the INcRNA
Neatl, and contain one or more members of the DBHS family of RiN#ling proteins (NONO, SFPQ,
PSPC1). DBHS proteinsave been shown previously to interact with the circadian clock PER proteins, to
modulate clocidependent transcriptional repression, and to regulate inhibitory synaptic structure.
Although neurons do not express the long isoforiNexdit], which is necessa for paraspeckle

formation, DBHS proteins still localize in specific foci inside the nucleus, creating parasiiezkle

aggregates we called neurospeckles. Here we probe their potential function-iwadteaggulation.

The abundance of speckle components in neurons changes both in vivo and in vitro acressksleep
transitions in a circadian and actiwtigpendent fashion, and rearrangement is possibly regulated via the
mMGIUR5 pathway involving PKC. Cellular depletiohspeckleassociated components NONO, PSPC1,
andNeatlaffects the cortical transcriptome in response to sleep deprivation. Supporting the importance
of this role, global depletion affects subsequent sleep. While NGl Neatd- show overall
shallowersleep, PSPCL mice lack a homeostatic response to sleep deprivation, implicating a role of
neurospeckles and their associated proteins in-sle&pregulation.

Altogether, we propose a role of neurospeckles in the control ofsi@epdependent genexpression
via localization of specific transcripts and proteins, thereby adapting neuronal function at the synapse.
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The effects of chronotype and social jetlag on health, academic achievement, and career
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Chronotype refers to individual differences in biological rhythm. It is genetically determined and forms a
continuum fromearly to late types. Late types have often been associated with health problems and

poorer academic achievement and career success. In this review it is hypothesised that these relationships
are not direct, but rather mediated by social jetlag. Sociabjétlcaused by misalignment between

internal and external time, and characterised by sleep deprivation, reduced sleep quality, and daytime
sleepiness. Since most people are not early types, but society is ranieimgd, the majority of people

suffer from social jetlag to some degree. This can have widespread negative consequences. Adolescents
seem particularly vulnerable to the effects of social jetlag, partly as a result of a shift towards lateness
during this period. This review shows that the literatindeed suggests a central role for social jetlag in

the relationships between chronotype and mental and physical health, academic achievement, and career.
Educating people on the existence, effects, and importance of biological rhythm is adviseg|sompg

make changes in their lifestyle. It is recommended to delay school and work start times to minimise social
jetlag. Such adjustments are believed to be advantageous to all chronotypes.
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Sex differences in circadian metabolite rhythms in conant routine conditions
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Characterising metabolites that are regulated by the human endogenous circadian timing system could
help to determine the underlying mechanisms linking circadian misalignmentetatolic disorders. In
previous human circadian metabolomics studies (constant routine conditions), only male participants have
been studied. The aim of the current study was to assess sex differences in circadian metabolite rhythms.
Participants (10 mak, 22.6+2.6 years; 10 females 23.3£3.8 years, taking combined oral contraceptives)
were studied in constant routine conditions (dim light (<5 lux), semimbent posture, continual

wakefulness, hourly isocaloric snacks). Targeted LC/MS metabolbwicsised to measure 127

metabolites from five different metabolite classes (amino acids, biogenic amines, acylcarnitines,
glycerophospholipids and sphingolipids) it Dlasma samples collected across 28 h (16.00 h day 1

20.00 h day 2).

Orthogonal partialeast squares discriminant analysis (OFLS) models showed a clear separation

between the sexes (Q2(cumulative)=0.957, R2X(cumulative)=0.623; R2Y (cumulative)=0.968).
Significant sex differences (FD&Jjusted pralue <0.05) were observed in 95/127 (75%thefidentified
metabolites, most amino acids, biogenic amines and acylcarnitines being reduced (90%) and most lipids

(70%) being increased in females. By contrast, 02
rhythms (n=23 in males; n=26 in femsjeRhythmic metabolites in both sexes (n=13, 10%) had similar
peak ti mes. Met abolites with robust circadian rhy

citrulline, tyrosine, PC aa C32:1, tryptophan (men only) and alanine (men only).

In summaryjn constant routine conditions, few circulating metabolites (10%) exhibit circadian rhythms
in both sexes. Sex differences in metabolite levels depended on the metabolite class.

Funded by BBSRC (grant BB/I019405/1)
Davies, S.K., Ang, J.E., Revell, V.L., Holmes, B., Mann, A., Robertson, F.P., Cui, N., Middleton, B., Ackermann, K.,

Kayser, M., Thumser, A.E., Raynaud, F.I. and Skene, D.J. Effect of sleep deprivation on the human metabolome.
Proc. Natl. Acad. Sci. USA@24)111, 1076110766.
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Altered non-image forming photoreception in earlystage glaucoma
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Purpose Glaucoma, a multifactorial progressive optic nguathy, can be associated with rastivity
cycle changes and sleep disturbances. Such alterations could originate froeppéireabcircadian
photoentrainment by the impaired namage forming (NIF) ocular photoreception mediated by rods,
cones, and blklight-sensitive melanopsin containing retinal ganglion cells (MRGCSs). This study
investigateshe integrity of NIF photoreception in eadyage primary opeangle glaucoma (POAG)
using chromatic pupillometry.

M ethods Forty-six patients witrearly-stage POAG63.4 * 8.3 yearsand 90 agenatched healthy
controls(61.4 £ 8.6 years) were included in this cresstional studyEarly-stage POAG had visual field
mean devi at i on6dBshRNINatedperimatre After@n extensive ophifal

examination, each participant underwentmifute exposure to blue light (469 nm) followed by-a 2

minute exposure to red light (631 nm). The intensity of the-kgjimuli increased logarithmically (8.5

14.5Log photons/cris). Light-induced changes ipupil diameter were assessed monocularly using an
infrared pupilometer, and individual desesponse curves were constructed for each stimulus- Dose
response curves were compared between groups and across light intensities using a linear mixed model
anaysis.

Results.Light-induced pupillary constriction was reduced in eathge POAG patients at moderate to
hi gh i r r a tog photons/atis) Ef®luelfPE0.003) and redR<0.001) lights. Maximal
baselineadjusted pupil constriction under both ligtgignificantly correlatedvith retinal nerve fiber
layer (RNFL) thickneséblue:r=0.51,P<0.001; redr=0.45,P=0.002) in POAG patients, but not in
controls. Conversely, VFMDcoares were not correlated with RNFL thickness nor with maximal
baselineadjusted pupil constriction in POAG patients.

Conclusions.Early-stage POAG is associated with reduced pupillary responses to moderate and high
irradiances of blue and red lights. $hvavelengthindependent alteration in NIF photoreception
correlates with structural thinning of the RNFL, and could be the consequence of disrupted integrative
functions and/or degeneration of mMRGCs in the early stages of the disease.
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Circadian rhythm in the nasal mucosa of allergic rhinitis model mice
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Symptoms of allergic rhirig (AR) show marked circadian variation, being worst from nighttime to the
early morning. The circadian clock is suggested to regulate these symptoms, yet underlying mechanisms
are mostly unknown. In addition to the neural and humoral signals from thial @otk, hecircadian
rhythms in the localmmunoreaction may also affdtiese symptom®reviously, we demonstrated a
robust circadian PER2 rhythm in the mouse nasal mucosa which wagdgipaselently phasghifted by
dexamethasonén the present stly, we examined the involvement of the nasal cloatircadian

variations ofAR symptoms

Mouse models of AR were developed by immunizing them with ovalbumin followed by acute antigen
challenge, and PER2 levels in their nasal mucosa were measurediipedaibluminescence recording.
Then, the dayight variations in the responses to antigen exposure were examined by measuring
expression levels df-4 andMuc5acin the nasal mucosa. We also examined the behavior activity
rhythms of the AR model mice.

In AR model mice, immunization and acute antigen challenge had no significant effect on the circadian
PER2 rhythms in the nasal muco@m the other handjlergen challenge at dawn induced higher AR
symptoms than that at dusk in immunized grddpc5acexpression levels were significantly higher in
the AR models than controls independent of exposure lirdeexpression levels increased by allergen
challenge at dawn and lost the daght variation, which was characteristic to the controls. In the AR
models the behavior activity during the dark phéseded to be suppressed compared with control
conditions.

Our results suggest that AR did not alterpleepheral clockn the nasal mucosa. Nevertheless, it
modifies the circadian rhythms in the local inflammatory mediators, such4glthe nasal mucosa,
which may affect the behavior activities.
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Background

In recent years, emerging evidence suggestgtbatming of food intake may play an important role in
cardiometabolic health. Late intakes of a large amount of calories and breakfast skipping have been linked
to obesity. However, few studies have examined the timing of intakes of specific macresutrien

relation to obesity. Moreover, little is known about whether the association between timing of food intake
and obesity differ by chronotype, another important behavioral manifestation of circadian rhythms.
Methods

We studied the timing of food intakn relation to body mass index (BMI) in 930 US men and women

aged 56074 years. Daily intakes of total calories and macronutrients (protein, carbohydrate, sugatr, fiber,
total fat, cholesterol, saturated fat, monounsaturated fat and polyunsaturateddatjeasured by six

24-hour dietary recalls throughout a year. We calculated the percent of intake in diofwyreriods

within 24 hours (0:06B:59, 4:007:59, 8:0011:59, 12:0615:59, 16:0619:59, 20:0€23:59) for total

energy intake and each macronenti and estimated their relationship with BMI using multiple linear
regression adjusted for age, sex, race, sleep duration, midpoint of sleep, physical activity, sedentary time
and total energy intake.

Results

We found that a higher percent of daglyergy intake between 16:00 and 19:59 was associated with

higher BMI (@ vs Q,, ' (95% CI), kg/m3: 1.03 (0.12, 1.94)). This association was primarily driven by
carbohydrates (1.12 (0.21, 2.03)), particularly sugar (1.25 (0.36, 2.14)), and saturat©® fi@x. {3,

1.97)). We further performed stratified analysis by the median of the midpoint of sleep, and we found that
the associations were only observed among people with an earlier midpoint of sleep.

Conclusion

For people with an earlier sleep timingglhér energy intake, particularly intakes of carbohydrates, sugar
and saturated fats, in the late afternoon and early evening may be linked to higher BMI.
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Defining the relative contribufi omspfoncsene  a

changaembiiennt | ight | evel under naturalistic
Josh Moul and?*, Franck Martial *, Tim Brown?*, and
*University of Manchester, UK

All three classes of mammalian photoreceptors (rods, cones and ipRGCSs) relay photic information to the
suprachiasmatic nucleus (SCN). Understanding the relative contribution of each class of photoreceptor
will aid researchers, lighting designers and clinicians to better design light stimuli. To date the majority of
research and clinical therapies use difbsight light to increase neuronal firing rate within the SCN or

reset the endogenous clock. These stimuli are in stark contrast to the light environment that one
experiences on a day to day basis, where the environment is rich in both spatial and teothdadions

in light intensity. This differentiation is important as cones are highly specialised to detect changes in
light intensity (contrast) and are therefore likely to be underrepresented in the current view of how the
SCN responds to ambient lighWe therefore ask how ambient light is encoded in the presence of other
visual features. Our hypothesis is that melanopsin produces the maintained activity according to ambient
light, whilst cones drive responses to modulations in both space and tiniestétkethis by

independently changing either melanopsin irradiance or cone irradiance using the technique of receptor
silent substitution. Using a custemade projector system, we were able to present a movie while
independently controlling effective irreahce for cones vs melanopsin. This was presented to urethane
anaesthetised mice whilst we recorded multiunit activity from within the SCN usingahaithel

extracellular electrodes. Our preliminary results suggest that under natural viewing cortdigons$ CN 6 s
response to light can be almost entirely attributed to the change in melanopic irradiance. The implications
of these findings are that artificial lights can be biased towards or against melanopsin, to better align with
the desired physiology.
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Harmonic discharge patterning of infra slow oscillatory neurons a novel ultradian
rhythmicity found in the subcortical visual system

Chrobok L, PalusChramiec K, Jeczmiehazur J, Blasiak T, Lewandowski MH

Department of Neurophysiology afidhronobiology, Institute of Zoology and Biomedical Research, Jagiellonian
University in Krakow

The lateral geniculate nucleus (LGN) is a thpaet retinorecipient thalamic structure serving both vision
and nonvision forming functions. Subpopulation b&N neurons is characterised by isoperiodic, infra
slow oscillation (ISO; <0.01Hz) in the rate of action potential firing. This ISO is common in the
subcortical visual system and is synchronised among nuclei innervated by the same eye. Recently a new
featue of light responsive neurons in the suprachiasmatic nuclei (SCN) has been désicaibradnic
distribution pattern (HDP) of interspike intervals (ISI), revealing fundamental frequency of ca. 30Hz. The
aim of this study was to determine the existendd@P in the firing of the rat LGN.

Single or 32channel extracellular recordings of neuronal firing were performeéd vimo (urethane
anaesthesia) and vitro preparations of Wistar rat braiim vivorecordings were performed in
experimentally contrééd lighting conditions and during alternating brain states determined by EEG
monitoring.

We have discovered harmonic distribution pattern (HDP) of interspike intervals (fundamental-B&l ~25
ms) in half of then vivorecorded LGN and OPN neurons thateveharacterised by ISOs. In contrast,

this pattern was not observivitro. HPD was resistant to sustained light changes, although altered by
transient (5 s) light pulses in the intensgiigpendent manner. Inactivation of contyat not ipsilateral

retina (TTX injection) abolished HDP observed in LGN. HDP was correlated within each LGN and OPN
and also between ipdiut not contralateral nuclei.

For the first time we show that in LGN and OPN there is a subpopulation of neurons that fires in
synchronygoverned by common HDPphenomenon strongly connected with ISOs. Our results,
combined with observation in SCN, allow as to propose the retina as a common source of HDP in light
responsive neurons and bring us closer to understanding the function gireddesetinal innervation of

the mammalian brain.

Supported by MSHE grant: 0001/DIA/2014/43
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Light exposure via headmounted devices suppresses melatonin and improves vigilant
attention without affecting cortisol and comfort

Christina Schmidf1,2), Marine Xhrouet (2), Manon Hamacher (2), Eric Delloye (3), Caroline LeGoff
(4), Etienne Cavalier (4), Fabienne Collette (1,2), Gilles Vandewalle (1)

(1) GIGACRC in Vivo Imaging, University of Liege, Belgium (2) PsyNCog Faculty of Psychology, ditgioér
Liege (3)LUCIMED S.A., Villersle-Bouillet, Belgium (4) Department of Clinical Chemistry, University Hospital of
Lieége, University of Liege, Belgium

Objectives.

We aimed at assessing whether a new generation ofnheawdted light therapy dewes, enriched in blue
wavelengths, was able to suppress melatonin secretion and to improve vigilant attention in the late
evening hours. We also assessed whether using such light device is associated with discomfort and
physiological stress.

Methods.

Seventeen healthy young participants (8 females:2288/ears) without sleep complaints followed a

regular sleepwake schedule, verified by actigraphy, the week preceding each of-talo @xperimental
conditions. Participants entered the laboratorp&fore usual bedtime. They were kept under dim light
conditions for 5h before being exposed in a counterbalanced within subjects design for 2h-to a blue
enriched | ight (1bi0kebdbuxédoli ¢glot a( ip0alkcedp. Li ght
headmounted portable device (Luminettes @ucimed). Participants were kept under dim light for 1.5h
following light exposure prior to leaving the lab. On multiple occasions, saliva samples, subjective
sleepiness and comfort scores were collected, tageitievigilant attention assessments.

Results.

A significant light condition*session interaction (F(11,364) = 3.28; p = 0.0003) indicated that while not
differing between conditions before light exposure, melatonin levels were significantly reducectierin
blue-enriched light, compared to the placebo exposure. For vigilant attention, a significant light
condition*session interaction (F(9,302) = 2.3; p = 0.017) revealed that attentional lapses (RTs > 500 ms)
were reduced at the end of the bjummpaed to the redight exposure. Neither cortisol levels nor

comfort significantly differed between the two light conditions (a# p.05).

Conclusions.

The results suggest that blaariched light delivered by a new generation heedinted device elicits

typical nonvisual responses to light. These effects were observed in the absence of detectable discomfort
and physiological stress assessed through salivary cortisol levels.

Funding/Disclosures.This study was sponsored by Lucimed.
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Circadian clock speed is regulated by AMPK inDrosophila

Eunjoo Ché?, Jaewon Jurlg*, Doo Hyun Kang? Miri Kwon'? Sanghee JinSungE Cho?, Yup
Kang?, Eun Young Kim?#

'BK21 Plus program, Neuroscience Graduate program, Department of Biomedical Sciences,
Ajou University Graduate School of Medicirf®epartment of Brain Science, Ajou University
School of Medicine®Department of Physiologyjou UniversitySchool of Medicie, 164

Worldcupro, Yeongtonegu, Suwon, Kyunggdo, 16499, Republic of Korea.

*Equal contribution
#Correspondenceskim@ajou.ac.kr

In Drosophila the transcription factors dCLOCK (dCLK) and CYCLE (CYC) posthatcenter of
transcriptional translational feedback loop (TTFL) where dCLK plays major role to activate the
expression of core clock genes and clock controlled genes. Many signaling pathways might converge on
dCLK/CYC complex to regulate its activity toé tune the cellular oscillator to the environmental time
cues. Thus, we sought to identify components participating in dCLK regulation and performed tandem
affinity purification (TAP) combined with mass spectrometry in S2 cells stably expressing FLAG/HA
tagged dCLK and V5 tagged CYC. We identified SNBd®ammalian homolog of AMPgtco-purified

with FLAG/HA tagged dCLK. Moreover, SNF4fwas absent in the TAP purification complex recovered
using FLAG/HA tagged dCLKB657-707 of which transcriptional activitig significantly reduced,
suggesting that AMPK associates with functional dCLK/CYC complex. Knockdown of AMPK subunits
such as AMPI4, AMPKb, or AMPKgin timelessxpressing cells iDrosophilaresulted in arrhythmic

or long period locomotor behavior indtoay that AMPK plays crucial role iDrosophilacircadian clock.

In this talk, | will discuss how AMPK might function to contidfosophilacircadian clock.
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Rhythmic gene expression in a mouse model of diabetic retinopathy

Patrick Vancurg Ute Frederikseh Kristina Schafeéy Carsten SticRtand Rainer Spessért

Unstitute of Functional and Clinical Anatomy, University Medical Center of the Johannes Gutenberg University
Mainz, Mainz, GermanyCenter of Medical Researdhaculty Mannheim of thelniversity of Heidelberg,
Heidelberg, Germany

The mammalian retina is known to harbor an intrinsic circadian clock system which enables the retina to
adjust its physiology to comply with marked daily changes in the environmental lighting conditions. To
gain a view on the linkage between circadian clocks and diabetic eye disaasaf the most common

causes of blindness in Europe and the U8i#cadian adaptation of the retina was compared between
diabetic @b/dbh and nordiabetic b/+) mice at the gne level. Genome wide expression analysis and 24

h profiling of transcript amount revealed multiple alterations in circadian control of gene expression in
diabetic mice. This suggests that clatdpendent adaptation of the retina is disturbed in diabetic
retinopathy. Additional investigations are required to examine as to which extent the observed changes in
circadian gene expression might promote the pathogenesis of diabetic retinopathy.
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Il nterplay bet ween i mm+AR sgndingsthemtpinedlgland 3 and b

Si mona Moravcovsg, JiS2 Novotni, ZdeRka Bendovs§g

Department of Physiology, Faculty of Science, Charles University, Prague, Czech Republic

The pineal gland is a neuroendocrine circumventricular organ which main role is the secretion of
melatonin under the influence of suprachiasmatic nucleus. Besidediffargntactions, melatonin is

well known for itsantrinflammatoryeffects. Less is kswn about the immune system impact on

melatonin biosynthesis although the reciprocal interplay between the pineal gland and immune system has
been suggestett hasbeen demonstratatlat lipopolysaccharid@d.PS), theendotoxin from gram
negativebacteriayeduces melatonin synthesis and induces the expression of the serine protease inhibitor
3 (SP13) in theSTAT3mediatednanner in pinealocytes. However, the precise role of STAT3 in the cell
signalingleading to the expression okay ratelimiting enzyme of melatonin synthesis is not yet known.

In our previous work, we have proven that systemic application of LPS induces phosphorylation of
STATS3 on tyrosine 705 and serine 727 in the suprachiasmatic nucleus. Hemigan theinvestigation

of the effet of LPS on arylalkylamine Mcetyltransferase (AMNAT) activity, expression of AANAT,

inducible cAMP early repressor (ICER), STAT3 and-Sh the pineal gland of rats. Experiments were
carried out botlin vivoandin vitro. The changes in AANAT activity were determined by

radioenzymatic assalPCR analyses were performed to detectdAT, ICER, STAT3 and SP3 gene
expression. From ouesults,it is evident that high basal level of phosphorylated form of STAT3 in the
pineal gland can be further elegdtafter systemic as well asvitro application of LPS. Furthermore, the
basal e v el of phosphor yl-ARtmediate CAANAT Jene expresdiorand ct s D
preserves its own and SBlgene expression. It cée concludedhat STAT3signalingmightinteract

with signalingthat leads to melatonin synthesis.
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Characterization of the molecular clock function during myeloid maturation

Krisztina Ella, Agnes Sudy, Krisztina Kaldi

Semmelweis University, Department of Physiology, Budapest, Hungary

Neutrophils are essential responders in bacterial and fungal infections and they also contribute to tissue
reactions in many autoimmune and inflammatory diseases. In our previous experiments we found
characteristic differences between the human neutraptimononuclear cell fractions in the expression
pattern and the relative expression of clock genes. BMAL1 was hypophosphorylated in neutrophils,
showed low expression and reduced nuclear accumulation compared to other leukocytes, suggesting that
the molealar oscillator is dowsregulated in this cell population. We hypothesized that the clock function
may undergo a modification during the myeloid maturation process.

To investigate this mechanism, we used the human acute myeloid leukemia cell [ 8% &Ba model

in our present study. These cells can be differentiated into neutligphtklls by a treatment with

DMSO. Expression of molecular clock components was followed at both the RNA and protein level
during the differentiation process. To better pane the clock machinery in the ndifferentiated and
differentiated cell populations, we usBthallRNA expressioras a clocknternal controlWe presumed

that if similar clock machineries operate in the cells the relative expression of clock gequesciscto

be similar.

The expression levels of the negative facResl andPer2were significantly reduced on the fourth day

of cultivation, while expression éfer3 Dbp andReverb | did not change during the differentiation

process. PER2 protein expsém was reduced, whereas BMALL levels and phosphorylation status did
not change. These data and the previous results on neutrophil granulocytes suggest that the molecular
oscillator undergoes a modification during the differentiation of ©BB cells to rutrophitlike cells.
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The monitoring of melatonin rhythm in monozygotic twins as a marker of genetic control
of circadian rhythmicity

Veroni ka Spigskg8, KateSina Lerven§, ZdeRka Bendov
Department of Physiology, Faculty of Science, Chaddewersity, Prague, Czech Republic

In humanpopulation, there are differences in thegthof the circadian periodn the basis adhese
differences, thébumanpopulation is divided to early, late neitherchronotype. The chronotypes dam
distingushed by differences in the rthythm of locomotor activity and the melatonin rhythm. This study
describeghe differences in the circadian phase between monozygotic twins dfegedrs who live
together and share the same daily routine. Differences betheéninswere determinetly using a
guestionnaire CCTQ, radioimmunoassay of saliva melatonin and actigheqaoydingto the

guestionnaire, one boy was early chronotype (A3), one girl was late chro(B8)mnd four remaining
children were neither chnotype (A2, B2, C2, C3). Among the siblings, there were marked differences in
the rhythm of melatonin and also in the morning activity. These differences confirmed the chronotypes
determined by CCTQ in boy A3 and girl B3. On the other side, the diffesémeeelatonin rhythm did

not confirm the similarity in chronotypes determined by CCTQ in twins C2 and C3 and suggested
different chronotypes in these siblings in accordance with their parent’s steatments. Our results also
suggest that children with latehronotype are more affected by social jet lag then children with morning
chronotype. We found that only the morning actigraphy is suitable falethaiptionof circadian

rhythms. Ourresultsclearly showed that monozygotiwins living in the same environment and under the
same regime show differences in the physiological and behavioural characteristics associated with
different chronotypes.
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Circadian synchronisation of mouse hepatocarcinoma cells with 24h temperature dgs
uncoversin vitro chronotoxicity of novel anticancer drug

Kristin Abraham?, Robert Dallmank?3 Annabelle Ballest&2Isolda RomeraCanelori, Peter J.
Sadlef, Francis A. LéA?3

Iwarwick Medical School, Cancer Chronotherapy Unit, University of Warwick, Gibbet Hill Road, Coventry
CVA47AL, United Kingdon?, INSERM- Warwick European Laboratory on Personalized Cancer
Chronotherapeutics, Villejuif, Francé Warwick Systems Biology ahtfectious Disease Epidemiological Research
Centre, Senate House, Coventry CV4A7AL, United Kingd®sapartment of Chemistry, University of Warwick,
Gibbet Hill Road, Coventry CV47AL, United Kingdom

Contact: K.Abraham@warwick.ac.uk

Temperature cycles mimicking core body temperature rhythms have been shown to synchronise cellular
clocks. Here, we first determined experimental conditions required for synchronising circadian clocks of
Hepal6 cellswith temperature cycles, and uncoveieditro chronotoxicity of FY26, a novel organo

osmium drug candidate.

Five and 10x16Hepal6 cells ATCC®CREL1 8 30E) , st ab | PerZlucmposef, wetet ed wi t |
seeded in 35 mm NUNC dishes and immediatelgaaldan temperature cycles of once 12h at 37°C and

12h at 32°C, followed by alternating 12h at 37°C and 36°C for ugltay$. Time 0 (TO) was defined at

the start of the shift to 37°C. Bioluminescence patterns were recorded in quintuplicates using the
LumiCycle (Actimetrics, USA). Period, phase and amplitude were calculated using LumiCycle Analysis
Software. The impact of FY26 on cell viability was assessed with the sulforhodamine B assay 72h after
24h of drug exposure. Nine FY26 concentrations (0.1 to )2udde tested in triplicate samples at each

of 4 time points 6h apart. Circadian changes of the(l@ean+tSEM, uM) of FY26 were computed and
compared using ANOVA and Cosinor Analysis.

A stablePer2luc period of 23.7h (£0.189, 5x16ells) to 25.4H+0.825, 10x10cells) was observed as

well as an average doubling rate of 14.5h indicating active proliferation from day 3 to 6.sgbk IC

FY26 was highest following FY26 exposure starting at T22 (5.9£0.35) as compared to T04 (4.1+0.23),
T10 (4.7#024and T16 (4.2N0.21) (ANOVA, p<0.0001). Cosin
rhythm in FY26in vitro toxicity (p=0.0096), with a mesor of 4.7uM [95%CI,4-438], a double

amplitude of 1.22uM [0.50.96] and an acrophase at T21h42min [19h1324in10nin] supporting least
toxicity 2h before the programmed temperature rise.

Thus, we extend previous resultsinrvitro chronopharmacology of irinotecan in serum shocked human
CaCo2 cells, and further demonstrate the value of temperature synchronisatiatyio vitro

chronotoxicity of new drug candidates.

Support: CRUK grant C53561/A19933

146



P.69
Role of isoflurane inDrosophilacircadian clock

Dongni Lit, Guy Warmah Ralf Stanewsky James Cheesentan

IDepartment of Anaesthesiology, University of Auckland, New Zealmstifute of Neureand Behavioural
Biology, University oMunster, Germany

General anaesthesia is implicated in postoperative sleep disruption and fatigue with part of the
disturbancéoeing attributed to a shift of the circadian closkflurane is a commonly used general

anaesthetic during surgery. In our reseabrosophilawere used to investigate the relationship between

the isoflurane treatment and the circadian cl@sophilawere entrained in light/dark (LD 12:12)

cycles and their locomotor activities were recorded for 13 days, starting with four days in LD and

followed by nine days in constant darkness (DD). Isoflurane treatment was conducted on day nine. We
measured the pba response caused by different durations of isoflurane treatments at a particular

circadian time (CT4) and once optimized obtained a phase response curve (PRC) over the circadian cycle.
The durational phase response indicates that three hours or mnesflushine at CT4 causes significantly

larger phase shifts than 1 and 2 hour treatments. The PRC shows that isoflurane treatment causes a phase
advance during dayme, while a phase delay was associated with ftigie treatment. The transcription

of the dock geneperiodwas also delayed or advanced depending on when isoflurane was administered.
These results suggest that isoflurimguced circadian clock phase shifts are duratom time

dependent. Finally, we compared the PRCs of flies treated glithdind isoflurane alone and in

combination and found that isoflurane combined with light caused a larger phase shift than each factor
independently.
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A high-throughput non-invasive screen to measure both sleep and circadian parameters in
IMPC knock out mouse lines

Gareth Bank’s Neil Hornet, Petrina Latj Laurence Browf Stuart Peirsoh Patrick Nolafh

IMRC Harwell Institute, Harwell Campus, Oxfordshire, OX11 ORD, &eep and Circadian Neuroscience
Institute (SCNi), Nuffield Department of Clinical Neurosciences, University of Oxford, OX1 3RE, UK

Recent advances in sequencing technology and bioinformatics have allowed for the rapid identification of
genes associatedth multiple aspects of circadian rhythms and sleep. However unless a clear function

can be assigned to each specific gene it can be difficult to interpret a relevant pathology and its clinical
implications. Numerous studies have demonstrated that theeni® a highly tractable and versatile

model organism for functional studies of specific genes. To this effect the International Mouse
Phenotyping Consortium (IMPC) has been established with the aim of providing phenotyping data for a
knock out of every gne in the mouse genome. While the IMPC phenotyping pipeline provides a platform
for numerous behavioural, physiological and histopathological phenotypes, at present sleep and circadian
phenotyping of these mouse lines is limited as standard tests ferpduesneters are lethroughput and

involve the use of invasive procedures.

The recently developed COMPASS system uses passive infrared monitoring to track both the circadian
rhythms and sleep of mice in the home cage. We are using this techniquenesstzeted IMPC mouse

lines for sleep and circadian rhythm phenotypes. Mouse lines are selected on the basis of known function
and gene expression before screening for five days in a 12 hour light dark cycle and then an additional
nine days in constant daress. Activity data is collected throughout this time and analysed for changes in
sleep and circadian rhythms.

Here we present the preliminary findings of this screen and show the range out outputs that can be
obtained through such methods. We also destrate how this data can be integrated with information
from primary IMPC phenotyping pipelines to provide a systematic assessment of gene function on a
genomewide level.

148



P.71
Neurocalcin acts in a lightsensitive dopaminergic pathway to regulate night sleep in
Drosophila

Ko-Fan Chen, Angéliqgue Lamaze, Patrick Kratschmer, Jack Humphrey and James E. C. Jepson

Department of Experimental and Clinical Epilepsy, UCL Institutdeifrology, UK

Sleep is conserved across the animal kingdom and is critical for nervous system function. The versatile
genetic and behavioral tools availablebrosophilahave helped uncover conserved mechanisms

underlying sleep. Recently we have identified a novel sleep reguiatoqcalcin(nca), from a screen

based on genetic and neurological conservation betlaeophilasleep and primary dystonia, a human
movementisorder associated with imbalanced dopamine signaling. We found thaépamahca

knockdown fcd®) by three independent RNAI constructs caused night time specific sleep loss in
Drosophilaunder 12 h: 12 h light dark (LD) cycld3rosophilasleep duing both day and night, yet these

two sleep stages exhibit distinct arousal thresholds. While the underlying molecular and neuronal
mechanisms demarcating day from night sleep remain unclear, a small number of genes have been shown
to selectively modulateither day or night sleep. We therefore embarked to investigate how
photoperiod/circadian clock as well as dopamine signaling control the night sleepriod®iflies. By
manipulating LD regimes and light input signals from the visual system and Gryptoe, we found that

nca®® mediated sleep loss is suppressed by light. Moreover, sleep s frflies is constrained to the
subjective night during constant darkness, while in contrast, homogenous sleep loss across 24 hours in a
clock mutant backgrouh(tim“®). Collectively, these results suggest that light input signaling and

circadian clock redundantly control Nozediated sleep. Importantly, introduction of a D1 dopamine

receptor mutation rescued sleep lossdd® flies. Through exhaustive Galdreuit mapping we have

limited the neuronal substratesrafd® mediated sleep loss to two romerlapping circuits in the fly

brain. In summary, we demonstrate that Nca regulates sleep via altered dopamine signaling and show that
both the circadian clocknd lightsensing pathways control the night specificity of Muadiated sleep.
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The intergeniculate leaflet of the rat thalamus encodes changes in light intensity

Jagoda -Ba d%KeudiaBGzatky Patrycja Orlowskdeuet? Marian H.Lewandowsld

1The Malopolska Centre of Biotechnology (MCB),iglignian University in Krakow(ronostajowa 7A, 3@87
Krakéw, 2 Department of Neurophysiology and Chronobiology, Institute of Zoology and Biomedical Research,
Jagiellonian University in Krkow, Gronostajowa 9, 3887 Krakow

The intergeniculate leaflet (IGL) of the thalamus is a small structure located within the lateral geniculate
complex which projects to the mammalian circadian clock, the suprachiasmatic nucleus. The IGL
receives retinal input from classic photoreceptardsy cones) and intrinsically photosensitive retinal
ganglion cells (ipRGCs) containing melanopsin. It is known that the latter provokes sustained
photoresponses and contributes to irradiance coding in the circadian visual system. Our aim was to verify
whether rat IGL neurons encode sensory stimuli in the range of intensities from the dimmest (5 lux) to the
brightest (280 lux). We recorded extracellularly from single neurons located within the IGL of urethane
anaesthetized Long Evans rats. Responses todigie categorized based on the peristimulus time
histogram analysis and next examined whether they encode light intensity by fitting the data to the
sigmoidal curve. All lightresponsive cells were classified as sustained, which accounted for the majority
of tested neurons, transient ON or transient OFF. Tonic increase in the firing rate in response to eye
illumination was characteristic for sustained cells. Inhibition of activity during white light exposure was
observed in all transient neurons. Trans@nt cells were distinguished by a brief peak of activity during
light onset while transient OFF cells exhibited substantial rebound activation following termination of the
light pulse. We found that 85% of sustained IGL neurons showed significant inteegépdent

increases in the firing rate, with-$tjuare greater than 0.5 and high ratio between maximum and minimum
responses. Contrastingly, none of transient cells were able to do that. Our work demonstrates that
sustained neurons within the rat intergetate leaflet encode light intensity over a wide sensitivity range,
probably due to dense ipRGCs and/or cones innervation.

This study was supported by: 2013/08/W/N23/00700, DS/MND/WBiNo0Z/12/18/2016
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Analysis of interrelationships between socialgtlag, sleep quality and sleep releated
vegetative parameters

Agnes Sudy, Krisztina Ella, Krisztina Kaldi

Department of Physiology, Semmelweisvdrsity, Budapest, Hungary

Social jetlag (SJL), the discrepancy between sleep timing on workdays and weekends, affects the majority
of the population and has been found to be associated with increased health risk afihbaiaiitig

behaviours. Our previous study showed the negafect of SJL on the academic performance of

university students. Our present study focuses on the effect of SJL on sleep quality and on the activity of
autonomic nervous system during sleep.

Healthy males (n=33), aged-26 years participated in ouusly, either with high or average and low

SJL. Heart rate, intdveatintervals and physical activity were recorded during two nights (a workday and

a weekday on the same week) using Actiheart. The recordings were used for the assessment of heart rate
variability (HRV), a marker reflecting the activity of the autonomic nervous system. Sleep stages were
assessed on the basis of HRV analysis and actigraphy. Concentrations of the melatonin metabolite
melatoninsulfate were determined in the first morning uriRer the evaluation of subjective sleep

guality we used the Groningen sleep quality questionnaire.

Comparison of the two groups reveals negative correlation between SJL and subjective sleep quality. On
weekdays a larger portion of the group with high 8dperienced disturbed sleep compared to the control
group (low or average SJL), and the subjective sleep quality of the participants with higher SJL increased
significantly from the weekday to the weekend.

Tendentious association between sleep qualitynagldtonin concentration was found. Parameters

reflecting HRV did not show day of the week dependent intraindividual differences.

In summary, our results suggest that circadian misalignment during workdays negatively affects sleep
quality in young adults.
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Impact of Ataxin-2 on circadian locomotor behavior and PER immunoreaction in the SCN
of mice

Martina Pfeffet?, Suzana Gispé&itGeorg Auburgér Helmut Wicht, and HorstWWerner Korf-°

apr, Senckenbergische Anatomie®lr. Senckenbergisches Chronomedizinisches Institut, Gasthersitat,
Frankfurt, Germany¢Experimental Neurology, Department of Neurology, Gotthwersitat, Frankfurt, Germany

In humans, spinocerebellar ataxia type 2 (SCA2) is an autosomal dominant neurodegenerative disease that
is caused by expansion of a CAG repeat encoding polyglutamine in the-Atgzime (Atxn2) product.

The Atxn2 gene is highly conserved in evolution arttiologs of the Atxn2 gene exist in many species.

Since Ataxin2 interacts with the poly(Abinding protein and associates with ribosomal proteins and
regulators, it has been proposed that it may play a physiological role in translation regulationalndeed
translational function for Ataxi2 has been recently shownDmosophila melanogasteit is an essential

activator of Period translation in pacemaker neurons and therefore a necessary component for the
functioning of Drosophila's endogenous oscillatdtowever, the function of Atxn2 in mammals is still
unknown, despite its involvement in the inherited SCA2 disease. Since SCA2 patients suffer from sleep
problems even before the onset of ataxia symptoms, we analyzed locomotor behavior afefitiagt

mice and their WT littermates under entrained and free running conditions as well as after experimental
jet lag. We also compared the Perl and Per 2 i mmun
mice showed slightly less stable behavioral rhythms a delayed frentrainment after jaag, but the

Perl and Per2 immunoreactions in the SCN did not differ between genotypes.
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Expression ofDexrasImRNA in the rat brain structures after visual sensory deprivation

Hana Kyclerov§,, DBcdheRkaaBPatesgdvs

Department of Physiology, Faculty of Science, Charles University, Prague, Czech Republic

Dexrasl(also known as RASD1 or AGS#igne hadveen identifiedn mouse pituitary tumour cell line
AtT-20 treated by synthetic glucocorticoid dexamethasbagraslbelongs to the family of activators of
G-proteinsignallingthat operates independently of receptors coupled wipno®ins and modulate thus
intracellularsignallingin target cellsDexraslis well describeds a clockcontrolled gene located
predominantly in the dorsomedial part of the suprachiasmatic ndclésishythmicity is in perfect phase
with Bmall The genetic deletion &exraslcauses the deficit of intracellular signalization driven by
NMDA receptors. Besides the suprachiasmatic nucleus, our data shepethifcdistribution of
DexrasImRNA in many brain structures that take part in various sensory processing. These include the
piriform cortex, the lateral olfactory tract, thentraltaeniatecta, the lateral and medial geniculate
nucleus, therentrobasatomplex of thethalamusetc The aim of this study was to explore, usimgitu
hybridization, the changes Dexraslexpression in these structures in the darked rat pups, housed at
complete darkness from birth until the postnatal day 16. The resultshifflosv levels oDexraslin
sensory structures which are not associated with visual processing and suggest that compensatory
mechanism for sensory deprivation may include the Desigsialling

Reference:
1. Hahnova, Ket al.Circadian Dexrasl in rats: Development, location and responsiveness to light.
Chronobiol. Int.33,141i 150 (2016).
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The influence of colour on brightnesscoding in the human retina

Woelders, T, Leenheers, T, Gordijn,M.C.M.2, Hut, R.Al, Beersma, D.G.M, & Wams, E.J.

1 University of Groningen, Netherland€hrono@work, Netherlands

With light being the most important zeitgeber for human entrainment, accurate brightness encoding is
crucial for optimakynchronization with the ligkdark cycle. Brightnesencoding starts in the retina,

with a presumably large role for the irradiaraecoding melanopsiexpressing ganglion cells. In

addition to their intrinsic light sensitivity, these cells receive syoamput from cone bipolar cells,

raising the question as to how colour affects brighteeseding. Using the pupillary light response as a
proxy for brightnesgncoding in the retina, the first aim of this experiment was to show how selectively
modulatirg the activity of one photoreceptor type@8ne, MCone, -=Cone, or melanopsin

photopigmentjn a squaravave manner (0.26 4 hz) affects transient pupillary constriction. To

selectively modulate each photoreceptor, the method of silent substitutiempbsyed. With this

method, two spectra that differ only in the excitation of one photoreceptor type are temporally alternated,
rendering the alternation silent for the other receptors. In addition, recent reports showed that flickering
light exposure alts the output of retinal ganglion cells and consequently reduces the gradual adaptation
in pupil constriction observed under constant light exposure (i.e. pupillary escape). Therefore, the second
aim of this study was to test how each photoreceptor typddveontribute to this effect, using the same
silent substitution protocol. Our results show that modulatiran8 M-Cone activation results in more
pupillary escape (more dilation during light exposure), whereas modulatiames and melanopsin

activity results in less pupillary escape (more sustained constriction). These findings were mirrored in the
transient pupillary response, suggesting inhibitory (colour) and excitatory (colour and intensity) retinal
input involved in brightness encoding by the flapy control system. These results provide important
insights into the effects of colour on brightneseoding in the human retina.
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A Clockwork Wiki: A scientific history of /wiki/Circadian clock

Rona Aviram, Omer Benjakob

Departmenbf Biomolecular Science, WIZohn Institute for the History and Philosophy of Science and Ideas,
TAU

Research into circadian clocks (CC) has surged in the past decades, with wide spread interest from the
scientific, healthcare as well as laym@mmunities. As in most academic fields, scientific discoveries

are disseminated almost exclusively through jpeegiewed journals and academic conferences, with the

main audience being the scientific community. Meanwhile, access to the general pubdeisd either

by subscription fees or the presupposition of specialized knowledge/terminology

One arena in which scientific knowledigg eadi | y accessible is Wikipedia,
anyone can edit. o Host5 00 noivielri o4n0 umild u e nu saerrtsi cd en
status as the website for-tppdate knowledge is seemingly unchallenged today.

Here, we claim Wikipedia can be used as tool for tracking and understanding the growth of scientific
knowledge as it is translatéd the general public in a netientific setting.

As a case study, we examined the manner CC research manifested in Wikipedia and how the relevant

articles were edited over time to preserve theientificac cur acy . Using Wi knepedi ao s
its digital Afdat abased, we traced the integration
For example, we followed the conceptual evolution in chronobiology from transcriptional-to non
transcriptional o s cfiWikipedlia, exarsining its mbility tp Formulate and e y e s 0 o
generalize new paradigms in the field.

We concluded that Wikipedia successfully manage to provide an accurate testimony for scientific

discoveries and preserve them through time as in the caseafctesa circadian clocks. Moreover, the
articlesdéd edits provided compelling insight regar
the past decades.
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Anhedonia and secretion of cytokines

T. Hojageldiyev, Y. BolmammedoYy H. Halilov*

IState Medical University of Turkmenistan, Ashgabat, Turkmenistan

Introduction.

Inflammatory processes play a role in major depressive disorder which may lead increase of cytokine
concentrations. Anhedonia, or the inability to experience pleasure from naturally rewarding activities, is a
core symptom of major depression. Accordingh& new estimates released by the WHO in 2017,
depression is ranked as the single largest contributor to global disability and also the major contributor to
suicide deaths. In this study we aimed to determine the age with higher prevalence of anhedksnia and
relationship with cytokines.

Methods.

In this study 545 undergraduate students and secondary school students (age 2ahgarti@ipated.
SnaithHamilton Pleasure Scale (SHAPS) was used to assess hedonic capacity and SHAPS score of 3 or
higher indcates anhedonia [Frankest,al, 2007 ]. According to age, participants divided into three

groups: 206 (92 female) students with age rang&51256 (111 female) students with age rangé& 2,6

and 83 (37 female) students with age rang@1L.8 For bl@d cytokine analysis 16 students with

anhedonia and 18 students without anhedonia were selected. Concentrations of Seriiri8 and

IFN-o t est ed Db-BestRussia)ELISAik Statistical calculations made by Stuidest.

Results.

Accordng to questionnaire results, higher prevalence of anhedonia is at age betviéetindd other

age groups, and hedonic capacity increases as age of students increases (p<0.05). Concentrations of IL
8,IL-18andIFNo i s hi gher i n a(it-8 deanr109D4+434 pdimLaib8h e d o n i
mean=213.0+95.10 pg/mL; IFMl mean=0. 6 0N0O. 0 pg/ mL) th#&8n students
mean=6.02+1.17 pg/mL; HL8 mean=119.93+22.28 pg/mL; IMN mean=0. 51N0. 10 pg/ mL’
Conclusions.

Etiology unknown locainflammation process in brain may be the reason of higher concentration of
cytokines in students with anhedonia which is mostly in younger age. As getting older local inflammation
process decreases and increasing hedonic capacity. Further studies abmftdoumation processes of

central nervous system and influence of cytokines in anhedonia will be helpful in prevention of anhedonia
and treatment of major depressive disorders.
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Aging of the circadian clock in pancreas

Zuzana Novosadovd Lenka Polidarovg Alena Sumové

Department of Neurohumoral Regulations, Institute of Physiology, the Czech Academy of S¢ianakty of
Sciences, Charles University in Prague, Czech Republic

In the pancreas, the circadian clock temporally controls its physiological functions, including insulin
release. Agaelependent impairment of the pancreatic and other metabolic functions has been well
documented. However, it is not known whether the impamtrwas due to worsening in the circadian
clock function. The aim of our study was to find out whether aging affects basic properties of the
circadian clock in pancreas and to compare these effects with the impact of aging on the circadian clock
in anothemperipheral clock not involved in metabolic functions, i.e., in the lungs.

The properties of the circadian clocks were studiedtro, using organotypic explants of pancreas and
lungs frommPer2UcPreraseyaung (9 months) and aged (25 months) mice seg@do 3 different light

regimes, namely to light/dark regime (LD), constant light (LL) and constant darkness (DD). Additionally,
synchronization capacity of the peripheral clocks by repeatetigatments (vehicle/melatonin) was
tested.

The results revéed tissuespecific effects of aging on the mP&f2hythmic protein production.

Whereas aging did not affect the amplitude dampening in the pancreas, it significantly speeded up the
dampening rate in the lungs. LL exposure affected the dampening tléegancreas independent of age
but had no effect in the lungs. Aging had no effect on period of the pancreatic clock but affected
significantly period of the clock in the lungs under all lighting conditions. The circadian clocks in the
lungs, but not intte pancreas, were entrained by the in vitro treatment.

Our results demonstrate that aging does not compromisgo rhythms in mPer2° protein in the

pancreas but significantly affects formal properties of the circadian clock in the lungs. Thewgsfindi
indicate vital significance of the pancreatic clock along the course of life.

Supported by GAUK grant no. 198215
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The diurnal transcriptome atlas of a primate

Ludovic Muré, Hiep D. L&, Giorgia Benegiam@, Max Chang, Ngalla Jillant, Ngotha Maint, Thomas
Kariuki®, Ouria DkhissiBenyahy4, Howard Coopér Satchidananda Parida

1. Regulatory Biology Laboratory, Salk institute for Biological studies, 10010, N. Torrey Pines road, La Jolla, CA
92037 2. Chronobiology and Sleep Reseaf&toup, Institute of Pharmacology and Toxicology,

Winterthurerstrass 190, 8057 Ziirich, Switzerlan8; Institute ofPrimateResearch, National Museums of Kenya,
Nairobi, Kenya 4. Univ Lyon, Universite Claude Bernard Lyon 1, Inserm, Stem Cell and BragaRbsInstitute
U1208, 69500 Bron, France

Spatietemporal gene expression patterns underlie-bfrthe day specific functional specialization of
different organs. Although circadian gene expression atlases from model organisms including the
nocturnal mase are available, they are limited to a few peripheral organs. Here we report the circadian
transcriptome of 64 different tissues, including 22 different brain regions, sampled every 2 h over 24 h,
from the diurnal primat@apio AnubisWe found that th@rimate genome is vastly rhythmic with up to
67% of genes showing daily rhythms in expression. In addition to the diversity of transcripts in each
tissue, the repertoire and phases of expression of cycling transcripts impart another layer of functional
speialization to each tissue. Transcripts that are ubiquitously expressed and participate in essential
cellular functions are more likely to exhibit rhythmic expression in a tispaeific manner. At the whole
organism level, the peak phases of rhythmindcaipts are largely clustered around dawn and dusk with a
"quiescent period" during the first half of the night. Our findings also unveil a different temporal
organization of central and peripheral tissues between diurnal and nocturnal animals. Thalstudy
contribute significantly to understanding circadian regulation of organ function and contribution of
circadian rhythm disruption to diseases.

158



p.81
Social jetlag and dysfunctional circadian rhythm entrainment associate with ADHD
symptoms in adults

Niall M. McGowan & Andrew N. Coogan

Department of Psychology, Maynooth University, Ireland

Objectives.

We undertook this study to investigate whether later chronotype, social jetlag, and activity rhythm
entrainment deficits were associated with measafémpulsivity and attention deficit among a non
clinical adult population.

Methods.

A sample of 189 university st urdpertedchronotgpse, migcsne d i n t
of sleep (MSE) and subjective sleep quality weascertained using the MCTQ and PSQI respectively.

Short performance tasks measuring inhibitory capacity and sustained attention (Conners Continuous
Performance Task) and risky decision making (lowa Gambling Task) were administeredp&etd
measuresf)ADHD symptoms, trait impulsiveness, and general cognitive function were obtained.

Estimates of sleep and resttivity rhythms were ascertained by wagbrn actigraphy.

Results.

Tasks designed to probe impulsiveness found that recurring social(}ttayywas associated with faster
pre-potent reaction time (p = 0.005) and that extreme cases of social jetldy ré&luced greater
commission error rates (p = 0.029) reflecting failures in response inhibition. Actigraphy estimated mid
sleep and sleeglisruption were statistically significant predictors of ADHD symptonts{R.249, p <
0.004) and trait impulsivity (R= 0.237, p < 0.002). Bivariate correlations consistently revealed that the
greater the difference of the entrained circadian period 24m the greater ADHD symptom scores=(
0.443, p < 0.001), impulsivenessH0.365, p = 0.008), and executive function defigits 0.306, p =
0.029).

Conclusions.

The results show that sleep and circadian rhythm disturbances might be importastviaath

contribute the symptomatology of ADHD among the general adult population. Efforts to manage social
jetlag through realigning social schedules and facilitate adequate circadian rhythm entrainment future
clinical benefits for individuals diagnosedth the disorder.
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Thyroid conditions and heart circadian clocks expression

L2Rodrigo A. PeliciarGarcia,'Paula BargiSouzaMartin E. YoungMaria Tereza Nunes.

lnstitute of Biomedical SciencésDepartment of Physiology and Biophysics, University of Sdo Paulo, Sdo Paulo,
SP, Brazil 2Morphophysiology & Pathology sector, Department of Biological Sciences, Federal University of Séo
Paulo, Diadema, SP, BraziDivision of Cardiovascular Diseases, Department of Medicine, University of Alabama
at Birmingham, Birmingham, AL, USA.

Thyroid conditions as hyper and hypothyroidism are the second most prevalent endocrine disease
worldwide and are considered a risk factor for cardiovascular disease development. Recently, many
studies have shown the importance of circadian clock to thie enodulates cardiac function,

metabolism and general gene expression, therefore, linking myocardial oscillatory processes to the
intrinsic cardiomyocyte circadian clock. the triiodothyronine (T3) triggers significant effects in the heart
physiology. h addition, our group has recently demonstrated-tfrgay-dependent rhythms in cardiac
sensitivity to T3 and its effect in core clock components. Therefore, in this investigation, chronic thyroid
conditions were used to investigate ther&diated effecin the cardiomyocyte circadian clock. Hypo

and hyperthyroidism was induced in rats by thyroidectomy (Tx) and i.p. injections of supraphysiological
dose of T3, respectively. Herein, it was observed alterations in both experimental conditions of the major
clock components, with the exceptionRdr2for hyperthyroid hearts. Cloegontrolled genes, involved

in glucose and fatty acid metabolism were also altered by the thyroid conditions. The analysis of rhythmic
parameters as mesor, amplitude and acrophase showed lost or no rhythmicity of thexiadegtiges in

both pathologicainduced conditions, especially observed for the hypothyroid heart. These findings
support a significant role of T3, modulating the heart circadian clock and metabolic genes expression,
expressively altered during hypo andghbythyroidism.

FINANCIAL SUPPORT: FAPESP # 2013/05624.
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Loss of the molecular clock in myeloid cells exacerbatdscell-mediated CNS autoimmune
disease

Caroline E. Suttohh ConorM. Finlay!, James O. Early, Zbi ¢KingstanHZas | ona
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Immune Regulation Research Grotéipflammatory Research Grouggchool of Biochemistry and Immunology,
Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin 2, Irel&Bdpartment oMolecular and
Cellular Therapeutics, Royal College of Surgeons in Ireland (RC&BIlin 2, Ireland.

4Both authors contributed equally

Introduction

Seasonal variation and circadian disruption as imposed by shift work is linked with increased indidence o
the autoimmune condition, multiple sclerosis (MS), however the causal reasons for this association are
unknown. Cells of the innate immune system, in particular myeloid derived macrophages, have a
profound impact on the development of multiple sclerddierefore we sought to understand the impact

of time of day and deletion of the core clock component Bmall in macrophages on the CNS autoimmune
disease model experimental autoimmune encephalomyelitis (BAB)use model with features similar

to that ofmultiple sclerosis.

Results

We demonstrate thatyeloid BMAL1 and timeof-day regulates the accumulation and activation of a
variety of immune cells in the CNS. In myeloid cells, BMAL1 maintainsiaffammatory responses,

and reduced Eell polarisationthrough repression of Il IL12p40 and IL23Loss of myeloid BMAL1

or midday (ZT6) immunizations create an inflammatory environment in the CNS through expansion and
infiltration of IL-1 Esecreting CD11t.y6C"CCR2 monocytes associated with imcreasen pathogenic
pro-inflammatory T cells.

Conclusion

Our data provide mechanistic insights into how tiofielay and clock disruption in myeloid cells impacts

on autoimmunity thus providing opportunities to enhance circadian function eotideay drug tageting
strategies to alleviate autoimmune disease.
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Cellular stress including redox changes inputs to circadian clock through a novel clock
kinase family ASK
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Nagurd, Hidenori Ichij¢ and Yoshitaka Fukada
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In mammals, daily rhythms of behavi@nsd physiologies are generated by the circadian clock that is
composed of clock genes and the encoded proteins forming transcriptional/translational feedback loops
(TTFLs). Our previous study showed circadian phosphorylation of CLBRIKL1 complex MCB,

2009), causing rhythmic DNAinding of CLOCKBMAL1L complex to Ebox sequence$CB, 2014).

Adar2is one of the targets, and rhythmietél RNA editing is essential for normal circadian output

(Nature Genet.2017). In addition to the transcriptional/ptistnscriptional regulation, pestanslational
regulation of clock proteins plays crucial roles in determining the circadian period and phase, by which
circadian clocks respond flexibly to environmental stimuli. A wide variety of extracellular stimuli are

known to evoke stress responses through protein phosphorylation signaling in cells. However, it is elusive
whether the circadian clock responds to the cellular stress through protein kinase signaling, and if so,
what is the key molecule that transmits te#utar stress to the circadian clockwork. Here we identified
apoptosis signalegulating kinase (ASK), a member of MAP kinase kinase kinase (MAPKKK), as a key
mediator for determining the circadian period and phase of cultured fibroblasts in respametio o

changes of the media. Physiological impact of the ASK signaling was demonstrated by the clock response
to changes in the intracellular redox states, and to the contrary, the clock drives rhythmic expression of
Askin mice. In behavioral analysiask1, Ask2andAsk3triple-KO mice exhibited compromised light
responses in activity rhythms. These findings identify cellular stress respars®K as a mechanism

for circadian flexibility.

162



P.85
The effect of endocannabinoid system on circadian systesensitivity to light entrainment

KateSina Lerveng§g, Domi ni ka Pal esov§, Eva Filipovs

Department of Physiology, Faculty of Science, Charles University, Prague, Czech Republic

Suprachiasmatic nuclei (SCN), the main mammalian circggiaamaker, receive information about

ambient light and entrain the endogenous period of other cell oscillators in the body to environmental
conditions. Components of the neuromodulatory endocannabinoid system have been detected in hamster
and mouse SCN whe the effect of its activation via CB1 receptors on light induced phase shifts of

locomotor activity was proven. Light is known to have distinct effect on the central pacemaker

entrainment according to time of its action, known as the phase responsd.ightvapplied during the

subjective night elicits phase delays or advances, whereas light applied during the subjective day has no
effect on the phase of the circadian oscillator. In this study we tested the hypothesis that endogenous
activation of the edocannabinoid system during the subjective day is the mechanism regulating the

sensitivity of the circadian system to the entraining effect of light. We investigated the hypothetic

inhibitory effect of CB1 receptor activation by intraperitoneal injectiba CB1 receptor agonist

CP55940 during the subjective night, the time window when circadian system is sensitive to photic

stimuli, on light induced phase shifts of locomotor activity and changes in expression of the

photoinducible markersos and phodpor yl at ed forms of ERK1/2 a GSK3b
the same paradigm we also addressed the question whether application of CB1 receptor antagonist

AM251 leads to increase in light induced phase shift in locomotor activity, as well as the erpoéssio

the photoinducible markersko s and phosphoryl ated forms .of ERKL1/
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The formation of implicit time memory does not phase shift the canonical molecular clock
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Implicit time memory is the ability of animals to remember the timing of a significant event, rewarding or
aversive. It is demonstrated by the anticipati6 the recurrence of events at 24 hour intervals following

the experience. The oscillator underlying time memory is believed to be set at the time of occurrence,
however, there is little known of the mechanism underlying time memory. Recent reports sugjg@4

hr time memory can be formed even in the absence of a canonical molecular clock. Therefore, we were
interested in whether or not the oscillator plays any role in the acquisition of time memory. Using a
Conditioned Place Avoidance (CPA) paradigtER2::Luciferase reporter mice were trained to avoid a
footshockpaired context. As shown previously, animals demonstrated learning only when tested at the

same Zeitgeber time at which they were conditioned. There was no main effect of training time on th
expression of Period2 (Per2) andRev b U. As e x p e eetrebdd, ePxeprr2e sasndo nRewn t |
suprachiasmatic nucleus was in antiphase with expression in the limbic and cortical strincsitxes.

results showed that although relative OD values wereiguifisantly altered by conditioning compared

with controls at either time point, there was a significant effect of testing time. Furthermore, differences
intheRever bU to Per2 ratio were found between groups
conclwion, the results suggest that although place avoidance conditioning may produce phase dependent
shifts of the canonical clock genes, this does not account for the 8 hour separation of behavioural

responses required for time memory.
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Modelling age related changes in the circadian system usimyosophila
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It is well established that elderilydividuals have increasing difficulties sleeping at night combined with
generally going to sleep and waking up earlier. Theseelgted declines in circadian output are clearly
observable in activity recordings in laboratory animals but what und#érise changes at a molecular
and neuronal activity level is still unclear.

This project investigates agelated changes in the circadian system uBirggophilg looking at

changes in behavioural outputs, neuronal activity and gene expression. BetlaVianges were

measured by recording locomotor activity of male flies at various stages in the ageing process (3, 11, 18,
25, 32 days old); with flies housed individually in activity monitors. Flies were kept for 3 days of 12:12
light-dark (LD) conditios before being released into constant darkness (DD) for the remainder of the
experiment. Circadian behaviour was analysed for the first 5 days of DD, with the results showing a
significant linear decline in rhythm strength with age, and an increaseiaa pemgth.

Changes in neuronal activity were investigated using wbellepatch clamp electrophysiology to record
from the large LN clock neurons, in flies of different ages. Early results from middkd flies (14 days
old) show a shift in the fing behaviour of clock neurons from predominantly tonic spiking in young cells
to burst firing activity in older cells.

The linear decline in behavioural outputs of the clock demonstrate the suitabbitgsufphilaas a

model to interrogate how ageinfiexts the circadian clock at other levels. Further experiments are
focussed on how disruption at a behavioural level is underpinned by changes in neuronal activity and
gene expression.
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Precisely phased and weltchestrated transcriptional rhythms are a fundameratire of circadian

timing systems.Further, the process of circadian entrainment is mediated in large part by a rapid
reconfiguration and rstabilization of this transcriptional profile to a new reference time point.
Interestingly, many of the intracelar signaling events that affect transcriptional rhythms are also key
effectors of clock entrainment his appears to be the case for the p44#t@genactivatedprotein

kinase (MAPK) pathwayAlong these lines, within the SCN, MAPK activity is moduthteer the

circadian cycle and is highly responsive to photic input during the night time domain; further, abrogation
of MAPK signaling alters SCN clock timing, and represses-igioked phase shifting-dere we sought

to assess its role in cloglated ad light-evoked gene expression in the SCI this end, we performed
RNA array profiling of the SCN (control and MAPtepressed) at subjective day (CT 4) and subjective
night (CT 15 and CT 22) time points, and following photic stimulatiBiminformaticanalysis has

identified marked effects of MAPK repression on both twhelay, and lightregulated gene expression
(both increased and decreased expression were obsetneelestingly the timef-day effects of

MAPK inhibition were largely unique to el time point, and included alterations in the expression of
several clockgated transcripts. With respect to lightoked gene expression, the repression of MAPK
signaling during the subjective night markedly suppressed the expression of the majbsgty of t
transcripts.These data indicate critical roles for MAPK signaling in shaping both the circadian ard light
evoked transcriptional profile. Current work is focused on bioinformatics approaches to curate gene
networks, functional groups, and noading tanscripts.In turn, these data should provide important

new insights into the roles of the MAPK pathway in modulating the key functional features of the clock
timing system.
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Animals experience considerable changes in the amount and spectral composition of light not only during
the day, with dawn and dusk being the most crucial moments, but also seasonally reaching the maximum
during the summer. Interestingly, bothtbém, so irradiance as well as colour, are used by rodents to
encode the time of the day. The olivary pretectal nucleus (OPN) is a retinorecipient, midbrain structure
responsible for pupillary light reflex and is suggested to play a role in photoentrainmen

We set out to investigate if cutting off the short wavelengths of light resulting in colour changes and
selective photoreceptors activation influences ligbuced neuronal activity in the rat OPN.

To this end, we performed multielectradevivo recodings from the OPN of urethane anesthetized Long
Evans rats. Recordings were combined with various light stimulations in terms of irradiance and spectral
composition: full light spectrum provided by xenon lamp (white light), blockade of blue light by two
yellow filters cutting at 450 nm and 525 nm (yellow light) and monochromatic light at 480 nm (blue

light).

All light stimulations (white, yellow and blue) induced a robust increase in multiunit activity across the
pretectum area, with three different tgpaf neuronal responses clearly seen: sustained, transient ON and
OFF. Interestingly, sustained cells were able to encode light intensities independently of yellow filters
usage, even though short wavelengths of light were cut off and melanopsin wassatgcddvioreover,

a population of neurons changed their type of response under condition of blue light blocking.

To our knowledge this is the first study suggesting that spectral compaosition of light is important not only
for the suprachiasmatic nuclewsere the main biological clock is localised, but also for other structures

of the nonimage forming visual system.

The study was supported by 2015/08/W/NZ3/00700 grant.
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Circadian systems play a key role in coordination of variety cellular processes, including those involved
in the development of cancer. Previous studies have shown circadian variations in pharmacokinetics,
efficiency, and side effects of mulkgcancer treatments, including methotrexate (MTX). However, little

is known about the effect of the circadian system on the toxicity of this drug, especially in diurnal animal
models. The purpose of this investigation is to study the effect of MTX adratros at different times

of day in toxicity, dose response and behavior of the diurnal zebrBfistia( rerio).

For this, 4 hoursé post fertilization (hpf) |l arva
either in the morning 10 AM (ZT3) an the afternoon 5 PM (ZT10), and then morphometric and
behavioral assays were analyzed. Thereby, 4dpf larvae in 14L:10D, were treated with MTX at
concentrations of 1mM, 2mM and 4mM at two hours of the day: ZT3 and ZT10 and by immersion for
two hours for liree days. Then, survival, morphometric and behavioral analysis were performed.
Preliminary results show significant differences in survival between control andth@d animals at

9dpf; however, mortality rates were higher in the afternoon (glmerQdx0.

Malformations were found in larvae treated with MTX in a ddspendent manner, and a higher
percentage of them in morning treated animals (glmer p <0.01). Also, there was a significant difference in
standard length (Tukey test p<0.05) and total &saa wayANOVA p< 0.05) of the animals treated with
2mM MTX, but only in the morning.

In terms of behavior, the distance traveled and velocity used by animals treated with low concentrations
of MTX was significantly different than controls, and, the déferes were more pronounced in the
morningtreated animals (Krusk&Vallis p<0.05). These results suggest that the toxic effect of
methotrexate on morphology and behavior was greater when administered in the morning than in the
afternoon. This study showisdat zebrafish is an effective animal model to study the role of the circadian
system in the effect of anticancer drugs. It will also contribute to understanding the mechanism of action
and pharmacokinetics of MTX.
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Universidad de Valparaiso, Valparaiso, Chile.

angelina.palacios@cinv.cl

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in social
communication and repetitive and stereotyped interests and behaviors. Circadian and sleep irregularities
are also often observed in children with ASD, including abnormalities in the timing of melatonin
secretion, prolonged sleep latency, decreased sleeptfy, and reduced total sleep time, all of which
worsen the behavior of children with ASD. Here, we USaskophilato evaluate the function of genes
associated with autism in humans by testing their role in the control of sleep and the circadiamdlock,

in the control of complex social behaviors such as courtship. We find thatRBidiated knockdown of

the Drosophilahomolog of human autism candidate genes significantly affects the amount of daytime and
nighttime sleep, the duration of sleep lateranyd cause a lengthening of the periodicity of the circadian
rhythm of adult locomotor activity, as well as disruptions in the courtship behavioral sequence. Our result
may provide insights into the behavioral and circadian abnormalities observed in A&idspand also
provides new research avenues for the field.
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The effect of chronic morphine or methadone exposure and withdrawal on clock gene
expression in the rat suprachiasmatic nucleus and ANAT activity in the pineal gland and
on rest/activity cycle

Domini ka Palesovg8, ZdeRka Bendovs§

Department of Physiology, Faculty of Science, Charles University, Prague, Czech Republic

The suprachiasmatic nuclei (SCN) harbour the mammalian master circadian pacemaker, which is
responsible for coordation ofcircadian rhythms of many physiological and behavioural functions. SCN

is sensitive to various Zeitgebers from external environment that modulate its functionebrorgpiate
addiction and drug withdrawal may affect circadian rhythmicity oifover hormones or sleep/activity

pattern. Morphine is used to dampen acute and chronic pain but belongs also among the most commonly
abused drugs. Methadone is a synthetic opioid that is used in the treatment of opioid addicts. Previously
we described thatcute morphine application induces changdarL mRNA expression in the SCN and
enhancesrylalkylamine Nacetyltransferase (ANAT) activity in the pineal gland. The goal of this

study is to explore the effect of longrm morphine and methadone apgima and their withdrawal on

the expression of clock genes in the rat SCN underlying the endogenous nature of circadian oscillations
(usingin-situ hybridization) andn AA-NAT activity in the pineal gland (using radioimmunoassay)

also measure the rtyh of locomotor activity of addicted and control rats. The Wistar male rats were
exposed to increasing doses of morphine or methadone for 10 consdaytvieo inducewithdrawal

effect, the last day, half of the animals in each group received naloxone. A group of animals was
continuously monitored arldcomotor activity was recordeénimals were sacrificed at 3 h intervals

during 24 hours together with control gro@ur data show the comparison between the effect of long

term morphine administration (as a drug of abuse)teng methadone administration (as a medication

for opioid abuse) and stress caused by their withdrawal on the function of circadian clocksasmd thu
proper timing of the entire physiology and behaviour.
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Rod photoreceptors are required for the light response of the retinal clock in mammals

Calligaro H?, Coutanson G, Najjar RP?, FelderSchmittbuhl MP.* and DkhissiBenyahya G.

1) Univ Lyon, Université Lyon 1, Inserm, Stem Cell and Brain Research Institute U1208, 69500, Bron, France
2) Visual Neurosciences Research Group, Singapore Eye Research Institute, Singapore 3) CNRS UPR3212,
Université de Strasbourg, Strasbourg, France.

While melanopsin plays a key role in light synchronization of the SCN clock, recent studies claim that
neuropsin, a UMsensitive photopigment, is solely responsible for light entrainment of the mouse retinal
clock (Buhr et al., 2014, 2015). This contrasith previous reports supporting a role for ipRGCs in the
retinal light response (Dkhis8ienyahya et al., 2013; Zhang et al., 2008, 2012).

To resolve this issue, we exposed retinal explants fromtyildPer2“ and photorecepteateficient

mice lackingrespectively melanopsin or ro@@pn::Per2'° andNrl”::Per2“9 to monochromatic light

of different durations, irradiances and wavelengths (405, 465 and 520 nm).

We first observed that the displacement of retinal explants to a light stimulatimbe&hproduced

random, robust effects on the phase of PER&tivity, even in darcontrol retinas. We thus developed a
light stimulation device embedded within the Lumicycle to avoidplootic phase shifting effects. This
provided increased phase stability and allowed us to accurately characterize ttespose properties
(duration, irradiance) of the retinal clock to light. Contrary to previous assumptions, we demonstrate that
in wild-type Per2"° mice, the retinal clock is sensitive to short duration, low irradiance light at 465 nm.
In addition, the three avelengths induce a similar phase delay of PER2tivity. Sinceé520 nm light
corresponds to a more than 5-agjt decrease in SWpsin and neuropsin sensitivities, this result
suggests a putative involvement of rods, M@hes and/or ipRGCs. Surprisipglve found that the

absence of rods but not of melanopsin totally prevented the phase shift induced by 520 nm light.
However, a role of melanopsin in the regulation of the retinal clock cannot be excluded, as a significant
shortening of the endogenousipdris observed i®pn4’-::Per2“ mice. These results unequivocally
confirm a primary role of rod photoreceptors in the light response of the retinal clock in mammals.

Keywords: retina; clock; PER2 bioluminescence; rod; light; melanopsin; mouse.
Support NRJInstitut de France, CMIRA, USIAS.
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Characterization of time dependent variations of patierwreported outcome measures
(PROMS) in patients with chronic health conditions and its association with biological,
environmental and social cyclicaphenomena A scoping review

Davey, Antoinette; Porter, lan; Green, Colin; and Valderas Jose M

University of Exeter Medical School, Exeter, UK

Background

Most of the previous research has concentrated on studying the use ofRgpieried Outcome
Measurements at the group level, but there is still little evidence from investigations of the biorhythmic
factors that may i mpeientefthar copditioniaethe individualt level.oThet e d
aim of the scoping review is to understand, identify and summarise time dependent varigtaienbf
reportedoutcome measures (PROMSs) in patients with chronic health conditions and thdatassegth
biological, environmental and social cyclical phenomena.

Methods

A systematic search of the literatwrasconducted following the PRISMA statement and a published
PROSPERO protocol. Electronic databases (MEDLIBfBpase, Psychinfo, and CINHiyere searched

using a structured search strategy combining MeSH terms and free text and previously developed search
strategies (Goncalves Bradley et al 2015 and others). Searches were conducted and all types of articles on
biological, environmental and datrhythms and PROMs focusing on chronic conditions were included.
Two reviewers independently applied the inclusion criteria in the consecutive stages of screening. A
narrative synthesis of the evideng#l summarisethe observations.

Results

2156 unige titles were identified, and after the removal of duplicates 1460 were screened. The review is
currently in progress and full results will be ready to report at the conference. Articles consist of
guantitative analyses of observatiodataand reportsrbm experimental studies showing evidence that
daily variationsin patientreportedoutcomes are a result of biological rhythms for a range of chronic
conditions, such as arthritis, asthma, migraines, depressive symptoms and cognitive status.
Conclusions

If the biological, environmental and social cyclical effects onvtr@ationof PROMSs scores are

identified in chronic conditions, and therefore considered in a policy setting this will facilitate further use
of PROMs in an individualised patient setting.
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Sabine Hannigéy Pascaline DumasGerhard Schof] Heiko Voget, David G. Heckél& Astrid T.
Groot3
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Biodiversity and Ecosystem Dynamics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, the
Netherlands? DKMS Life Science Lab, Fiéerstr. 34, 01307 Dresden, Germany

Very little is known on how changes in circadian rhythms evdie. noctuid mottspodoptera
frugiperdaoccurs as two strains that show differentiation in circadian timing of mating activity: The corn
strain mates early and the rstrain mates late at night, which acts as a premating isolation barrier
between the strains. We investigated the genetic bigig strairspecific timing differences to identify
the molecular mechanism of differentiation in these circadian rhythms. Through QTL analyses we
identified one major Quantitative trait chromosome (QTC) underlying the timing differentiation. The
clock genevrille is located on this QTCG/rille showed strairspecific polymorphisms as well as strain
specific expression differences, with the fg&tein showing higher expression levels than the-strain.
In addition, RFqQPCR experiments with the otheaim clock genes showed that afsitpl,the antagonist
of vrille, showed higher expression levels in the-gtrain than in the corstrain.

Together, our results indicate that the differentiation in daily mating rhyth®sfingiperdas

associated witldifferential transcription o¥rille or a cisacting gene close wrille, which contributes to
the evolution of prezygotic isolation B frugiperda
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Chronic social stress suppresses locomotor activity but does not affect free running
circadian period

S. M. Ota? D. SuchecKj R.A. Hut, P. Meerld

1-Groningen Institute for Evolutionary Life Sciences, University of Groningen, The Netherkabdpartment of
Psychobiology, Universidade Federal de Sdo Paulo, S&o Paulo, Brazil

Mammals are able to synchronize their physiological and behavioral activity to environmental time cues,
specially to the lightlark cycle. The suprachiasmatic nucleus (SCN) is the region of the brain that plays
the role of fAmast eimatescriytbroslofiperiphleral tissued to the hidiaty cyaepbotr d

also produces and maintains an internal rhythm close to 24 h, which allows the organism to be prepared
for predictable changes in the environment. However, the output of these rhythrmsodam afifected by
unpredictable stimuli, as a predator or other stressors. Nevertheless, the master clock does not seem to be
affected by acute unpredictable stimuli and continues to keep its pace. Previous experiments showed that
a single social stress iats suppresses the levels of activity for some days, but when it returns to normal,

it resumes the phase as it is expected to be. In this study, we investigated whether chronic social defeat
could affect the organization of the SCN. Therefore, mice waiatained in constant conditions (DD)

and exposed to 20 min social defeat sessions over 10 days either in the beginning of the active or of the
resting phase. Locomotor activity was continuously assessed before, during and after the defeats. Running
wheelactivity was strongly suppressed during theda§ social stress phase, but the period of this rhythm

was not affected by the manipulation. In conclusion, social stress may affect the output of the activity
rhythm, but the SCN is not disturbed by thisqadure.
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Resti wake activity cycle and cardiovascular risk factors

Bochkarev M.\%, Orlov A.V.1, Tataraidze A.B., Korostovtseva LSRotar O.P, Sviryaev Y.V1?

v A Almazov NortWest Medical Research Centre, St Petersburg, RusSiechenov Institute of Evolutionary
Physiology and Biochemistry Russian Academy of SciehBasiman Moscow State Technical University

Aim: to investigate noyparametric indicators of activity and their associations with cardiovascular risk
factors.

Methods. Activity rhythms for & days were measured objectively with the actigraph Actilife GT3X+ in

89 participants of the study Epidemiology of cardiovascular diseases in 12 regions of Russian Federation
(ESSERF) from St Petersburg. Vector magnitudertts quantified using nonparametric indicators
(6npar ACT6 package for R) . Waetabiitadf egsattieity rayghmg, he i nt e
the intradaily variability (IV, fragmentation of a resttivity pattern), most active 10 h (M10) athe

least active 5 h (L5). Neparametric variables were analyzed with parameters of activity and
cardiovascular risk factors using logistic regression.

Results. IS positively correlated with METs and negatively with body mass index and obesity. IV
correhted positively with CRP, and negatively with Lifestyle activity. M10 positively correlated with age
and cholesterol; negatively with fasting glucose and microalbuminuria. L5 positively correlated with
triglycerides and number of chronic diseases. There we correlations with gender, education,

employment status, marital status, hypertension, level of high salt and fat intake, smoking and alcohol
intake.

Conclusions: Stability of restctivity rhythm increased by level of activity. Obesity decreasss thi
parameter. Fragmentation of the rastivity pattern can increase level of inflammation. Chronic diseases
may lead to sleep disturbances. Surprisingly level of high activity was higher in older subjects with higher
cholesterol.

175



P.98
MYC antagonistsMAD1 and MAD2 bind MIZ1 to activate clock genes

Anton Shostak, Bianca Ruppert, Géza Schermann, Axel Diernfellner, and Michael Brunner

Circadian Rhythms and Molecular Clocks Group, Biochemistry Center, Heidelberg UnivegdigQHeidelberg,
Germany
E-mail: anton.shostak@bzh.uheidelberg.de

Genes of MYC family play central role in coordination of diverse cellular processes, including cell
growth and proliferation. Recent studies suggestt MY C is implicated in regulation of the circadian

clock. Increased expression of MYC genes leads to transcriptional silencing of 24 hour rhythms in
different cell lines via MIZidependent and-Box-dependent pathways. Here we report that canonical
MYC antagonists MAD1 and MAD2, which act as transcriptional repressors of Eidti@ated genes and
induce differentiation, are also involved in the regulation of the circadian clock through interaction with
MIZ1. Genomewide cistromic analysis of MYC, MAD2, and Il in human cells demonstrates that,
additionally to Ebox cites, MAD2 is also recruited to a large fraction of Mtddding sites. Co
immunoprecipitations and luciferase assays reveal that both MAD1 and MAD2 associate with MIZ1 to
activate MY Grepressedeporters such é8mallluc andp21-luc. Using transgenic U20S cell lines we

also show that induction of MAD1 and MAD2, on the one hand, leads to reduced cell proliferation and,
on the other hand, triggers increased expression of clock transcripts andeshbscillations of

luminescent and fluorescent circadian reporters. Taken together, our results reveal an unexpected role of
MYC antagonists in the regulation of the circadian oscillator and, therefore, establish a novel link
between molecular clocks atite MYC/MAX/MAD network.

176


mailto:anton.shostak@bzh.uni-heidelberg.de

P.99
Mouse medial habenula neurons exhibit daily rhythms in electrical activity and nicotine
sensitivity.

Beatriz BafieOtalord, Mino D.C. Bellé AHugh D. Piggin’s

IFaculty of Biology, Medicine and Health, University of Manchester, Manchestef\Quikrent Address: University
of Exeter Medical School, Exeter, UK

Patterns of cigarette consumption as well as the severity of nicotine withdrawal symptoms vary across the
day, but the neural substrates subserving these temporal changes are unclear. One promising candidate is
the medial habenula (MHDb) of the epithalamigotinic acetylcholine receptor subunits are densely
expressed in the MHb and interestingly, the MHb exhibits daily variation in neuronal activity. Here, we
tested whether the rhythms of MHb neurons influence their responsiveness to nicotine. First, usin

vitro multielectrode arrays (MEA), we simultaneously measured extracellular electrical activity at

multiple sites across MHb slices and assessed the actions of nicotine. We found that MHb neurons
increase their spontaneous electrical activity fronyaarlate day and that their response to nicotine was

also greater during the late day, particularly in the ventral aspect of the MHb. Subsequent targeted whole
cell recordings from ventral MHb neurons confirmed that nicotine evokes larger depolarifation

membrane potential and increases in firing rate during the late compared with early day. Further, the
magnitude of the ionic current induced by nicotine was greater late in the day. In MEA recordings of

MHb brain slices fron€Cry1/2knockout mice, bothally changes in baseline electrical activity and

nicotine responsiveness were absent, indicating their reliance on a functional molecular clock. Currently,
we are assessing whether such variation in MHb neuronal activity and nicotine sensitivity temporally
influences neural targets of MHb efferents. These results raise the possibility that circadian clock
regulated changes in MHb neuronal activity contribute to daily patterns of nicotine consumption and
withdrawal.

Funding: Fundacion Séneca (19701/PD/1) BBSRC (L0O07665).
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Are the Portuguesereally later than the other peoplein Europe?

Cétia Rei$? Till Roenneberg

ICENC, Centro de Medicina de Sono, Lisbon, Portu§8IAMB, Faculty of Medicine, University of Lisbon,
Portugal SInstitutefor Medical Psychology, Center for Chronobiology, Medical Faculty, LugMagimilians
University, Munich, Germany

Introduction/Aim Humansshowlargedifferencedn the preferredtiming of their sleepandactivity, so-
calledchronotypesFromextremeeaty typesto extremelate chronotypesthe majority falls between
theseextremesTheMunich ChronotypeQuestionnairdMCTQ) estimateshronotypebasedon the mid-
point betweersleeponsetandoffseton work-free days,correctedor oversleeglueto the sleepdebtthat
individualsaccumulatevertheworkweek(MSFs). Thes t u digpnwasto comparesleepbehaviourin
Portugalwith otherEuropeamations.

Methods In additionto a Portuguessampleof extremelate chronotypegn=52; DSWPDclinical
sample)we usedthe MCTQ-databasé &80,000entriesasof May 2017)to performcomparative
analyse®f 6 Europearcountries:Germany(DE, n=102,942) United Kingdom (UK, n=18,315) Austria
(AU, n=7,301),Belgium(BE, n=9,679),TheNetherland¢NL, n=20,735)andPatugal (PT,n=815).
Results Averagechronotypg MSFsasc)for the differentcountrieswas:DE 4.67,UK 4.51,AU 4.54,BE
4.27,NL 4.80,andPT 5.60.Averageweeklysleepduration(dSD.or): DE 7.38,UK 7.41,AU 7.43,BE
7.67,NL 7.59,PT 7.34.SocialJetlag(SJLeor): DE 1.56,UK 1.25,AU 1.48,BE 1.4,NL 1.32),PT 1.6).
ThesameMCTQ variablesfor the Portuguesextremepopulation:MSFsasc8.29,3SDeorr 7.69, SILeorr
1.05.Valuescorrectedor ageandgender.

DiscussionLate chronotypesarea majorconcernamongthe medicalcommunitydueto the
significant/costlyhealthimpactsof insufficientsleepandliving againsthe circadianclock. Portugalhas
thelatestchronotype®f the six investigateccountriesandconsequentlhalsohasthe shortesdSDxr and
highestSJL.r. TheseresultssuggesthatPortugueséavea higherrisk of smoking,becomingdepressed
and/oroverweight,andaremorelikely to developmetabolicproblems Futurework will investigatehe
underlyingreason@ndmechanismshatmakethe Portugues@opulationlate chronotypege.g.,genetic
or environmentateasons).
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A Al | at-0is & rovelicincadian neuropeptide irbrosophila melanogastér
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Neuropeptide signaling is highly diverse and important for communication in metazoan nervous systems.
In the circadian brain network &frosophila melanogastethe neuropeptide pigmedispersing factor

(PDF) is synthesized in the ventral lateral neurons and is necessary to maintainriieg locomotor

activity rhythms. Although several other neuropeptides have been identified in these fly lateral neurons,
there are likely additional neuropeptides that function in the fly circadian network. MorBowsophila

dorsal circadian neurons (DNs) are largely unexplored from this neuropeptide point of view. To address
this deficiency, we analyzed mRNgequencing da from isolated DN1s and identified several putative
neuropeptideencoding mRNAs, includingllatostatinC mRNA (AstC). Ast-C is highly conserved

across insect species and signals through tyoo&in coupled receptors, which are homologous to
mammaliarsomatostatin receptons situ hybridizationvisualization ofastc mRNA shows an

expression pattern consistent with the sequencing data, and immunohistochemistry indicate€tisat Ast
indeed expressed in a subset of the DN1ps and DN3s. Ongoing locdrebavioral data suggest that

Ast-C may be required for proper sleep maintenance. In summary, we show that alla&tatinovel
circadian neuropeptide that may regulate sleep.
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Role of circadian clock gendimelessn temperature driven responses

Samarjeet Singh?, Jan Martinek Gabriella M Mazzotth David Dolezel 2

Biology Centre, Czech Academy of Sciences, Institute of Entomology, Ceske Budejovice, Czech Republic
2University of South Bohemia, Faculty of Science, Ceske Budejozieeh RepublicUniversity of Padova,
Department of Biology, Padova, Italy

Drosophila melanogasteserved as an excellent genetic model to decipher molecular basis of circadian
clock. Two key proteins, PERIOD and TIMELESS, were particularly-exgilored and number of

various arrhythmic, slow clock and fast clock mutants is known from classical genetic screens.
Interestingly, free running period (FRP) is influenced by temperature in some of these mutants, whereas
FRP is temperatusmdependent in othenutant lines and wildype flies. Clearly, systematically

generated collection of new mutants will help to map functional protein domains and to elucidate
underpinning molecular mechanisms. Therefore, we developed protocol for targeted mutagenesis of
specfic gene regions utilizing CRISPR/Cas9 technology, followed by behavioural screening. In a pilot
study we identified several neimelesanutant alleles with various impairment of temperature
sensitivity. Molecular characterization revealed short in fransertions, deletions and even substitution
of a few amino acids resulting from nbomologous end joining repair process. Our protocol is fast and
costefficient approach for systematic functional analysis of prateuting genes and promoter analysis

in vivo.
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Evaluation of dynamics of free cortisol during surgical and medical stresdy utilising a
Ultradian collection system

Katerina Simunkove?, Ragini Bhaké Chrysoula Papastattiarin J Bradley,Georgina Russélllom
Miller?, JeremyBewley, Eystein Huseby&and Stafford Lightmahn

1 Henry Wellcome Laboratories for Integrative Neuroscience, University of Bristol, BS1 3NY Bristol, UK
2 Departments of Clinical Science, University of Bergen, 4021 BERGEN, Norway

Frequent automated bl ood sampling has been used t
laborious method. In our project we utilised a novel collection device linked to a microdialysis technique

that automatically collects timed dialysate gées from subcutaneous tissue for 24 hours or longer. The
entire system has been already validated. I|Itds sa
patient or from the nursing staff. By utilizing this system we obtain a full 24 houregpodfilormones. By

using this device we attemted to define, for the first time, the pattern and magnitude of hypothalamic
pituitary-adrenal axis dysregulation in situations of major clinical stress by measuring continuously (every

20 mins) the free cortisol

The use of exogenous steroids in critically ill patients is widespread. This is surprising since the normal
hypothalamiepituitary-adrenal axis response to this {ifeeatening situation has never been properly
characterised and the one area in whichopgnly controlled trial has been performed (critical brain

injury) clearly demonstrated that steroids actually increased mortality. There are several reasons why we

do not have appropriate information about HPA activity in critical illness. First theechiegn no efforts

to access the pattern of circadian and ultradian cortisol secretion that we know are critical for optimal
metabolic, inflammatory and immunological gene transcription, and second that most studies have used

total cortisol rather thantiehy si ol ogi cally relevant Afreed fracti
We assessed patients diagnosed with septic shock and severe head injuries and successfully obtain
ultradian pattern of free cortisol of these patients. These pathologies affect huge numbers of/ggople e

year and carry a high risk of death or lelegm disability. The development of a diagnostic tool that can

guide subsequent beneficial intervention will be of enormous value both on clinical and economic

grounds.
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Florian Wahl, Oliver Amft

Chair of Sensor Technology, University of Passau, Germany
{wahl, amft}@fim.unipassau.de

Recently smartphones became our daily companions, tracking our every move. Many applications

already exist to aid us in falling asleep through meditation or quantifying our sleep using motion sensors.
Existing applications require users to activate sleep detection. Our approach uses smartphone context and
usage information to detect sleep in fliggng without requiring activation from the user nor special
smartphone placement. By detecting sleep episodes it is possible to create an autoriatit lslegp

diary.

The application starts with a generalised statistical model describing the dataspatterns during the

sleeping opportunity window and allows users to personalise the detection model through feedback. After
detecting a sleep episode, the application generates a notification asking the user if detected times should
be adjusted. Thdetection algorithm uses the feedback to personalise the detection to the sensors most
relevant to detect sleep for a user.

Our model was validated using two weeks of data from 14 participants. A pen and paper sleep diary was
used to record reference anations and participants filled out the MCTQ test at the beginning and end of
the recording period. Data was split into five minute windows and extreme gradient boosting was used to
classify whether there was a sleep opportunity window or not. The statiegrocess of the two

process model [Daan et al., 1984] was used to transform classifier output into sleep onset and wake
moments.

For leave one participant out cross validation our approach reached a ROC AUC of 0.9. Subsequently,
we computed migleep points and compared it to the MCTQ answers of participants. The MCTQ test
had an average error below one hour when predicting thslagg point for 5 of 14 participants while

our approach had an average error below one hour for 12 of 14 participants.
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Mammalian circadian period, but not phase and amplitude, is robust against redox and
metabolic perturbations

Marrit Putket-*, Priya Crosby*, Kevin A. Feeney, Nathaniel P. Hoyfe Ana S. H. Cosfa Edoardo
Gaudé, Christian Frezze2 John SO6 N & | |
* These authors contributed equally.

IMRC Laboratory of Molecular Biology, Francis Crick Avenue, CB2 0QH, Cambridge? MRC Cancer Unit,
University of Cambridge, Hutchison/MRC Research Centre, CB2 0XZ, Cambridgé Qukgnt address:
Hubrecht Institute, Uppsalalaan 8, 3584 CT, Utrecht, the Netherlands, Telephone/fax: 01223 267037/26

Circadian rhythms permeate all levels of biology to temporally regulate cell and-bdabteohysiology,
although the celautonomous mechanism that confers-kddr periodicity is incompletely understood.
Reports describing circadian oscillations of egridised peroxiredoxin abundance have suggested redox
signaling plays an important role in the timekeeping mechanism. Here, we tested the functional
contribution that redox state and primary metabolism make to mammalian cellular timekeeping. We
found a ceHautonomous circadian rhythm in flux through primary glucose metabolic pathways,
indicating rhythmic NAD(P)H production. Using pharmacological and genetic perturbations, we found
redox homeostasis and PPP flux, but not glycolysis, are necessary to n@atia@mplitude, but

neither redox nor glucose metabolism determine circadian period. Furthermore, the phase of the cellular
rhythm is sensitive to acute changes in redox balance, at least partly through regulation of PER protein.
Redox and metabolic stafire thus both inputs and outputs, but not state variables, of cellular circadian
timekeeping.
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The effect of prolonged blue light blocking on sustained attention

Domagalik AleksandraBeldzik Ewa? Fafrowicz MagdalertaOginska HalszKet, Marek Tadeusz?

INeurolmaging Group, Neurobiology Department, Malopolska Centre of Biotechnology, Jagiellonian University,
Krakow, Poland?Department of Cognitive Neuroscience and Neuroergonomics, Institute of Applied Psychology,
Jagiellonian UniversityKrakow, Poland

The indirect influence of light on human functioning is linkedettinal ganglion cells that are sensitive to

blue light (BL). Behavioral and neuroimaging studies demonstrated that exposure to BL directly enhances
alertness and performanééowever, due to aging, the ocular lens becemere yellow, reducing the
transmssion of short wavelengths.

In the study we investigated longitudinal changes in behavior while blocking BL exposure by using
contact lenses that reduce transmittance of BL (~480nm), by approximately 90%. We examined 30 young
volunteers (16 females, age3-35 years old): 15 wearing bhlight-blocking contact lenses (BLB) and

15 controls wearing only UNlocking lenses (CTR) at baseline session and for 4 consecutive weeks of
wearing the lenses. Patrticipants performed a psychovigilance task (PVT), awsidéliest of sustained
attention that measures reaction time and response lapses.

The results show increasing reaction time for BLB groyps{f= 7.0, p< 0.001) and a stable measure in
control group (k56 = 1.2, p=0.33). No difference was observedhumber of response lapses.

Additionally, subjects from BLB group performed the task one more time approximately one week after
taking off contact lenses. The reaction time significantly decreased when comparing to last session when
they were wearinglbe-blocking lenses @& 3.28, p< 0.01).

The findings of this experiment show that continuous reduction of blue light exposure affects the human

functioning in attention domain (sl ower reactions

with BL in the spectrum) reverse this effect.
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Raised intracellular Ca?* concentration disrupts Bmall cellular circadian rhythmicity via
activation of calcineurin in cultured atrial myocytes

Antria Siakalli, Daan van der Veen and Rita Jabr

Departmenbf Biochemical Sciences, School of Biosciences and Medicine, Faculty of Health and Medical Sciences,
University of Surrey, UK.

Atrial arrhythmias (AA) are mediated by elevated{QGaartially caused by persistent Na channelsNa
activation. Thisncreases the activity of the seritieeonine C&/calmodulin dependent protein
phosphatase, calcineurin (Cn). AA and Cn exhibit diurnal patterns. The correlation between raiyed [Ca
by Na, Cn andcircadian clocks unknown. We therefore assesseddtfiects of the following oBmall
rhythmicity in cultured mouse atrial (H1-6) cells: 1)Naopener, ATXII; 2)raised [CGd]iinduced by

ATXIl and 3)Cn inhibitor, Cn autoinhibitory peptide (CAIP).

HL-1-6 and mouse embryonic fibroblasts (MEFs, positivetrmd) were maintained in culture. Cells were
transduced witlBmall:luciferase (BMALL::LUC) reporter to record bioluminescence rhythmicity over

several circadian cycles-gtdays). Cellular clocks were synchronised (2hrs; 50% FBS) then incubated in

contrd media alone/ or with 1nM ATXI | i pabloekerts®nce/ pres
5¢ M BAMAMI(Ba2*chel ator) or 3) 25&g¢M CAI P. Di fferences
followed by Bonferronposthoccomparison.

Under control conditiong{L-1-6 and MEFs exhibited 24hBmallcircadian rhythms with a period of
26.09+0.77hrs (n=8) and 25.22+0.26hrs (n=8), respectively. ATXII disripted1rhythmicity in HL-1-
6 only, by significantly shortening its period to 17.06+1.07hrs;®<®.05. Suctleffects were reversed
by ranolazine (25.32+0.97; n=B<0.05vsATXII). In fura2-AM loaded cells, [C&]i was increased with
ATXII (2.30£0.05) compared to control (0.96+0.08; n£30.01). Again, ranolazine fully reversed
ATXII effect (0.94+0.02; n=3P<0.01). BAPTAAM prevented ATXItinducedBmallperiod shortening
(ATXII 17.0941.21; ATX+BAPTAAM 29.91+0.54; n=8P<0.05). CAIP treatment exhibited similar
effects (ATXII 17.86+1.85; ATX+CAIP 25.15+0.56; n=B«0.05).

This study showed that in HL-6: 1) ATXII significantly shortenBmallcircadian periodby almost 9hrs
which is fully reversed by ranolazine; 2) ATXII raises {Qieand 3) calcineurin mediates ATXII effects.
We conclude that a rise in [€h by Na activation disrupts atriddmallcircadan rhythmvia
calcineurindependent pathway.
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Short wavelengths light deprivation affects locomotor activity and core body temperature
in pigmented rats

Magdalena K. Smyk? Aleksandra Przytulska P at r y c jFeuet® MarianviHd éwandowski

I Malopolska Centre of Biotechnology, Jagiellonian University in Krakow, Gronostajowa 726 BRrakow,
Poland;?2 Department of Neurophysiology and Chrnonobiology, Chair of Animal Physiology, Institute of Zoology
and Biomedical Research, Jatjonian University in Krakow, Gronostajowa 9,-387 Krakow, Poland

An amount of blue light in the white light spectrum varies across a day, reaching maximum at dawn and
dusk; and also seasonally, with a higher amount during summer versus wintémgirffecient

exposition to light in the winter is thought to be a major cause of circadian disturbances such as decreased
amplitude, phase delay or decreased stability of the rhythms found in e.g. seasonal affective disorder. It is
however not certain whieer changes in the spectral composition of light contribute to the phenomenon.
The study aimed at investigating the effects of blue light blockage on the circadian rhythms of core body
temperature and locomotor activity in pigmented rats.

Adult Long Evangats were implanted with telemetry transmitters simultaneously recording the core

body temperature and locomotor activity. Animals were kept in 12:12dmtkt cycle. During 9 baseline

days the light phase was provided by halogen lamps emitting whitefiglll spectral composition

(light intensity: 400 lux). During following 9 experimental days blue part of the spectrum was blocked by
yellow filter (cut off at 525 nm, light intensity: 400 lux).

Parameters were compared between light conditions. #sitdnlue light blockage the amplitude and
robustness of the locomotor activity rhythm decreased. A significant reduction in the mean level of
activity was observed in the dark phase. Moreover, the mesor of the core body temperature rhythm
decreased and tlwere body temperature itself was reduced both in the light and the dark phase.

Blue light deprivation results in disturbances in the circadian rhythmicity in pigmented rats with fully
functional retina. Observed changes resemble those found in deprasets psuggesting that not only

light intensity but also its spectral composition matters.

The study was supported by 2015/08/W/NZ3/00700 grant.
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timeoutis involved in the circadian rhythm and reproduction in the cricketGryllus
bimaculatus

Motoki Nose and Kenji Tomioka

Graduate School of Natural Science and Technology, Okayama University, Okaya8&3000apan

timeout(tim2) is an insect orthologue of the mammalian clock génmelesgTim). Its functional role has
been extensively stigtl in mammals using cultured cells, but little is known for its role in behavioral
rhythms becaus€mis essential for embryonic development and mutant individuals show high lethality.
In the present study, we have obtained cDNAiroR2 (G b 6 t) in th&cricket, Gryllus bimaculatugand
analyzed its functional role in circadian locomotor rhythms and reprodu@ibnd t consis of 1432 aa
and has a homology of approximately 65% with thddmafsophila melanogastekVhen treated with
parentalG b 6 tRYA fe®s than 2% of the treated eggs hatched, while in control eggs treated with
DsRed&M the hatching rate was about 60%. In most ofGHe 6 t”NA tngated embryos, normal
development was prevented. Adult females treated@ith6 tRYA' ime®e greatly reduced number of
mature eggs compared with the control females treatedDsiRed 2N

As to activity rhythms, th& b 6 tRYA grizkets showed a clear locomotor rhythm synchronized with a
light cycle of LD12:12, but the nocturnal peak wggsater and the lighin peak was weaker in
comparison with the control crickets treated witBsRed2 In constant darkness, teb 6 tR¥A'm2
crickets showed a rhythm freanning but with a reduced nocturnal peak which often dissociated into
two componers running separately. Molecular analysis revealedGHatd t™VA teatment
downregulated the mRNA levels Gfb 6 poesliminate its daily expression rhythm, while the treatment
has no effect o b 6 and@b 6 cexpyelsion levels. The changedrb 6 peeelts may underlie the
altered behavioral rhythms &b 6 tRYA orizkets. BothG b 6 4 andG b 6 T4 downregulated the

G b 6 t eixpme8sion, suggesting that transcriptioedf 6 t is nme@iated bys b 6 @idé& b 6 ¢hyowgh
E-box. These results suggelsatG b 6 t nnaynte involved in the clock mechanism in the cricket.
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Effects of general anaesthesia on PER2::LUC rhythms in the SCN and on humans
circadian markers following surgery

Nicola M. Ludirt, Shin Yamazakj Matthew D.M. Pawley® AlanF. Merry*, James F. CheesenaGuy
R. Warmanh

1Department of Anaesthesiology, The University of Auckland, Auckland, New Zé&alapdrtment of
Neuroscience, The University of Texas Southwestern Medical Center, Dallas, TX|rng8#ite of Informatiorand
Mathematical Sciences, Massey University, Auckland, New Zealand

Patients experience poor sleep pmgsé¢ratively which is likely due in part to the phase shifting effect of
general anaesthesia (GA) on the circadian clock. In this work | describamsuk underlying this

effect and results from a clinical study examining circadian disruption in the hospital setting.

An examination of the effect of isoflurane on the SCNWBR2::LUC micean vitro revealed that
administration of a six hour of isoflame anaesthetic to SCNs between CT8 and CT16 resulted in an
average phase delay-6.99 h [+1.34 SEM],) compared to controls (air only) at similar CTs that showed
an average phase delay-df33 h (x2.77 SEM),p=0.01). Isoflurane administered at oth&rsQ@id not

elicit large phase shiftsThese findings are in line with previous work on invertebrates in which the
largest phase shifts following anaesthesia were detected around CT12.

The above findings directed our studies in a sHijleded randomise controlled trial of the effect of
intra-operative bright light in affecting pesperative sleep and circadian markers in kidney donor
patients. Following hospitalisation, anaesthesia and surgery patients in the control (placebo light) group
showed anwerage phase delay in core body temperature (CBT) rhythrsl@ hours (x1.74 SEM),
compared to patients in the bright light group who showed an average phase dela§ bburs (+0.62
SEM, p=0.07). Furthermore, ngmarametric circadian rhythm analgsef actigraphic data showed

higher interdaily stability (IS) posiperatively in those that received intyperative bright light compared
to those that received placebo ligh+0.08).

These studies have shown a strong time dependent phase shiftih@e@G& on PER2::LUC rhythms in
the mammalian SCN, and a phase delay of CBT in patients following hospitalisation, general anaesthesia,
and surgery Preliminary evidence suggests that isdperative bright light may reduce the phase delay
following surgery.

Research Funding

This research was funded by a grant from the Office of Naval Research, USA (N000141310879) awarded
to GRW and JFC and a University of Auckland Doctoral Scholarship awarded to NML.
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Circadian rhythm disturbances inmajor depressivedisorder

Kristoffer Hgjgaard, Sofie Laage ChristianserOve Wibord, Betina Elfving.

Translational Neuropsychiatry Unit, Department of Clinical Medicine, Aarhus University, DenfGakter of
Functionally Integrative Neurosciend@epartment of Clinical Medicine, Health, Aarhus University, Denmark

Major depressive disorder (MDD) is one of the leading causes of disability worldwide and confers a
substantial soci@conomic burden in modern society. MDD is a heterogeneous disottiex wide

range of symptoms, however most afflicted show signs of circadian disturbances. These disturbances are
measurable, both in animal models and {mesttem brain tissue from patients, as changes in clock gene
expression. Furthermore, clock geneseeressed in blood cells and the expression patterns have been
shown to be affected during MDD. Lottigrm treatment with conventional antidepressants is unable to

fully normalize clock gene expression rhythms.

This is a translational study, where we agnirtvestigate the physiological and behavioral consequences

of the circadian rhythm disturbances observed during depression and evaluate the benefits of a dynamic
lighting system to aid the treatment of MDD. The circadian rhythm is followed using thie glaase

markers cortisol and melatonin. We appiysitu hybridizatiorand reaitime gPCR to investigate clock

gene expression rhythms in both animal models and clinical depression. Daily activity rhythms will be
tracked using actigraph watches and phgriag cage to elucidate how the activity rhythm is affected

during MDD and in our animal model.

This study is still in the early preliminary stages, with limited data collected at this point in time, but we
hope to identify and maps various aspects otitoadian rhythm disturbances occurring during clinical

and preclinical depression.
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Circadian oscillators regulating the temporal program of thought and action

Martin R. Ralph

Department of Psychology, Universif/ Toronto, Toronto, ONZCanada

Several circadian oscillator systems have been identified that provide temporal regulation of goal directed
behaviour. In addition to the biological clock in the suprachiasmatic nucleus (SCN), these include a food
entrainable oscillator (FEO), ndition entrainable oscillators (CEOs) underlying time memory, and a
methamphetamine sensitive circadian oscillator (MASCO). It is not certain whether these are all unique,

or different expressions of common mechanisms. Circadian oscillations are pradte@amously in

brain structures that are responsible for thought, action, and emotional responses. However, the identity of
a discrete, exclusive source of rhythm generation for any of these systems has been elusive. The
independence of each of thesebsciat or s on the canonical <c¢clock gene:
dependence on dopamine suggested that rhythmicity was a circuit property that involved the ascending
dopamine pathways with descending negative feedback involving glutamate/GABA conrieetioalb
established system regulating voluntary behaviors. To test this, we established a paradigm for observing
behavioral effects of food entrainment, MASCO (produced by chronic amphetamine), time memory, and
the SCN in individual mice. Using the mouse mlogte demonstrates (a) continuous reciprocal

interactions between the MASCO and SCN; (b) a relationship between the MASCO and food anticipatory
locomotion; (c) partial entrainment (relative coordination) or full entrainment (bicircadian rhythms) of the
MASCO by daily food reward; (d) a dependence of time memory on both the MASCO and SCN. Finally,
we show that MASCO period is altered in mice carrying either a knockout of serine racemage(SR

the glycine transporter (GlyT-}/ suggesting a glutamate dglence of the MASCO. The results support

the hypothesis that in the presence of chronic amphetamine, circadian oscillations are generated by the
dopamine/glutamate/GABA circuits regulating goal directed behavior.
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Latitudinal influences on mammalian photoperiodism; afunctional neurogenetic agproach

Laura van RosmalénMirjam J. van DalurhDavid G. Hazlerigg Louis P.W.G.M. van de Zante
Roelof A. Hut

1 Chronobiology Unit, Groningen Institute for Evolutionary Life Sciences, UnivexfstByonirgen, Groningen, the
Netherlands?2 Department of Arctic and Marine Biology, UiT The Arctic University of Norway, Tromsg, Norway

Over the last decade a solid body of evidence has identified a mammalian hypothalamic circannual time
keeping mechasm that measures photoperiod and subsequently drives annual rhythms in physiology and
reproduction. The neuroanatomy of this conserved mechanism has been mapped and genes and promoter
elements that play a crucial role in this response have been idettifietherefore timely to apply

functional genetics to this neurobiological knowledge of annual timing and to understand how adaptation

of reproductive timing evolves in natural populations.

We choose to study this in voles (gendscrotus); one of themost abundant groups of mammalian

herbivores, with a key role in terrestrial ecosystem function.

In this project we will assess the critical photoperiod at which gonadal development is induced via the
hypothalamus for northern and southkhierotusspecis under controlled laboratory conditions. We

predict thaM.arvalis( Sout hern) wi | | be better-tempempureed to 61 o
relations and breed at shorter photoperiods khemconomugNortherr), for which favorable breeding
conditionsemerge at longer photoperiods.

Furthermore, we will examine whether polymorphism frequencies of genes known to be important for
photoperiodic responses and circannual timing vary with latitude. Subsequently, genetic differences on
photoperiodic gene indtion will be functionally tested in cell culture luciferase assays.

By combining laband fieldstudies, we will be able to establish if candidate polymorphisms functionally
explain differences in photoperiodic gene expression and hypothalamic andqaigaldatitudinal

responses.
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Determination of the circadian metabolome in the hemolymph oDrosophila melanogaster

Kelechi M. Amatobi, Jan van Ackeren, Mandela Fasemore, Stefan Schéabler, Martin J. Mueller, Agnes
Fekete

Julius- Maximilian University of Wuerzburg

In the natural environment, every organism encounters environmental fluctuations suchdeskight

cycles. Therefore, proper timing using internal clocks is important to adjust feeding behavior, metabolism
and hormone secretidga the daynight cycle. The function of the clock network components in daily

timing of metabolism in the model organifdnosophila melanogastés poorly understood. Therefore,

we aim to discover metabolic pathways or metabolites that oscillate diumtilly hemolymph of the

fruit fly. To achieve this, wild type flies were sampled every three hours and the lipidome of the
hemolymph was analyzed with high resolution liquid chromatography coupled todsigiation mass
spectrometry. Experiments reveathevels of diacylglycerol seem to oscillate in 5 days old male/female
flies kept under 122 hour light/dark cycle and fed playgast extracad libitum Also, male flies fed on
restricted diet showed oscillation of diacylglycerol in a tiragolved maner. Furthermore, the feeding
behavior of male flies on plafyeast extract under 122 hour light/dark cycle showed a rhythm. These
aforementioned results suggest that flies maintain homeostasis of storage lipids such as diacylglycerol in
the hemolymph.

192



P.115
The small GTPase RHO1 couples peptidergic control of circadian behaviour to
molecular oscillator function

Miguel Ramirez MorenandHerman Wijnen

Biological Sciences and Institute for Life Sciences, University of Southampton, Southampton, UK

The fruit fly Drosophila melanogastdras proven to be a powerful and representative model to study the
neural basis of daily timekeeping in animals. Circadian control of sleep/wake rhythms in both flies and
mammals requires not only cellular molecularilistors, but also intercellular neuropeptide signals. How
these oscillators couple to relevant patterns of neuronal firing remains, to a large extent, unclear. Here, we
present evidence that the small GTPase RHO1 (RHOA in mammals), a regulator of rzantimcdy

controls circadian locomotor behaviour in a dosdgeendent manner. Remarkably, flies with reduced
Rhollevels in their adult DD pacemaker neurons, the small ventral lateral neutddssfshat express

the neuropeptide PIGMENT DISPERSING FACTQPDF), exhibit a loss of locomotor activity rhythms

in the context of apparently normal molecular oscillator function in the brain. Several lines of evidence
implicate a defect in peptidergic signalling from the dordalNsg projections as the cause ofsh

phenotype: 1)Pdf receptor(Pdfr) mutants are epistatic Bholknockdown, 2)Rholknockdown is
phenocopied very well by a genotype that independently affects these projections,)oIkeock

down behavioural phenotype is rescued by manipulatioat shift pacemaker function from thels,s

to other clock neurons, and 4) cleckntrolled rhythms of remodelling of theLdlv dorsal projections

are abrogated updRholknockdown. These observations suggest that neuronal activity rhythms in
PDFR clak neurons and connected output circuits may also be disrupted. Thus, clock function may be
weakened at the circuit level without a strong impact on cellular oscillator function. The notiBddat
knockdown results in a weaker clock circuit is furthgpported by the observation that flies with this
mutant genotype show less resistance to the impact -affqitase environmental temperature cycles on
their daily activity patterns than wittype controls. In summary, we have identified a dosigendent
function for the actin regulator RHOL1 in coupling of circadian locomotor behaviour to cellular oscillators
by peptidergic 4Ny signalling.
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Image-based probing of circadian transcript abundance at single molecule resolution

D. Colameé, S. BernadeZ, A. Spinnlet, G. Bosshar{ S. K. Tyagarajgnand S. A. Browh

IChronobiology Section arffNeuromorphology Section of the Institute of Pharmacology and Toxicology, University
of Zurich, Switzerland

RNA localisation in subcellular compartmentsnigortant in every aspect of cell biology, but the

guestion of whether RNA abundance in synapses varies according to time of day is yet unknown. The
anticipation of synaptic events such as neurotransmission by prior RNA transport could be advantageous
for neuroplasticity, and such regulation could already begin in the nucleus.

In order to investigate the possibility of such localised control, we performed around the clock collections
of mouse brains and subsequent RNA sequencing of biochemically isglatgdameurosomes. We

found a large set of transcripts whose synaptic aboundance oscillated in circadian fashion, and compared
it with the set of RNAs contained in nuclear structures called paraspeckles, whose components have been
previously found to intexd with core clock PER proteins and regulate synaptic RNA levels.

In this poster, we take an immunocytological approach to examine the hypotheses raised by RNA
sequencing data. RNAscope, a highly sensitive variant of FISH, has been combined with aualventio
immunofluorescence to allow the exact localisation of single RNAs in subcellular compartments such as
synapses or paraspeckles. Using this technique, we imaged and quantified a subset of transcripts found in
our transciptomic data, demonstrating thedalization over time. Furthermore, we validated our

conclusions by studying the same set of transcripts in aitro model using circadian cloek

synchronized cultured forebrain neurons.

We suggest that circadian regulation of the synaptic transerptould provide both robustness and
flexibility to the complicated mechanism governing synaptic homeostasis and plasticity. The full possible
implications of such control remain elusive, but our findings suggest the importance of exact temporal
and spatiblocalisation of RNAs to correct cellular function.
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Some rhythm, no CRY

Marrit Putket# Nathaniel P. Hoyfe David Wong, Estere Seinkmafhelohanna E. CheshanMathew
D. Edwards, Kevin A. Feeney Priya Crosb¥; Robin Fischet Nicolai Peschel Ko-Fan Chef and
John S! OO6Neill

' MRC Laboratory of Molecular Biology, Cambridge, {&KBiozentrum Universitat, Wiirzburg, Germany
3 Institute of Neurology, UCL, London, YK Current address: Hubrecht Institute, Utrecht, the Netherlands

Circadian timekeeping in mammalian cells is facilitated by a network of transcriptional, translational and
posttranslational feedback mechanisms that drive oscillations in most aspects of cell biology. The
generally accepted clock model consists of a trarescriptiontranslational feedback loop (TTFL)

involving activating transcription factors, CLOCK and BMALL1, and their repressors, Period (PER) and
Cryptochrome (CRY). Of these negative factors, CRY is thought the main repressor, requiring PER to
performits full function. CRY proteins are therefore believed to be absolutely required for the ticking of
the mammalian cellular clock, and CRI¢ficient cells and animals are often used as arrhythmic
experimental models. Here, we show that CRYdéficient adit fibroblasts exhibit circadian oscillations

of PER2::LUC reporter activity. The clock in theSRY-deficientcells is less robust compared with wild
type, but critically exhibits the canonical characteristics of a circadian rhythm. We have employed live
imaging, biochemical and pharmacological approaches to characterise the natureinti@sEnident
cellular rhythms. Rhythmic PER2::LUC expression is regulated in atyaoscriptional fashion, and
correlates with a rhythmic regulation of PER2 stabilityt thersists in the absence of transcriptional
cycles. Our findings add another layer of complexity to the current modeadletutar circadian
timekeeping.
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Genotoxic Stress Response Controlled by Circadian Rhythm Is Associated with
Susceptibility to Mammary Carcinogenesis

Mingzhu Fang? Pamela A. Ohman StricklahdHwanGoo Kand, and Helmut Zarb}?

1 School of Public Health? Environmental and Occupational Health Sciences Institute, Rutgers University,
Piscataway, New Jersey, USKeterinary Drugs & Biologics Division, Animal and Plant Quarantine Agency, An
Yang, Republic of Korea

We previously demonstrated that chemopreventive methylselenocysteine (MSC) premérasd\N-
methylurea (NMWjinduced mammary carcinogenesis in theceptible Fischer 344 (F344) rats by
enhancing NAD-dependent SIRT1 activity, restoring circadian expression of major clock genes (CGs)
and circadian controlled genes (CCGs). Here, we show that compared to the genetically resistant
Copenhagen (COP) ratain, mammary glands of the F344 rats havehaur phase delay in circadian
expression of Period 2 (Per2). Consequently, F344 rats failed to increase SIRT1 activity and circadian
expression of Per2 and DNA damage response and repair (DDRR) genes afiarexp NMU.

However, exposure of COP rats to NMU enhanced SIRT1 activity, increasing circadian expression of
Per2 and DDRR genes. Significantly, SIRT1 activity and circadian expression of Per2 and DDRR genes
in NMU-treated F344 rats on MSéhriched dieapproximated those in NMitfeated COP strain. These
results indicate that COP rats have an increased capacity to maintairdgp&ndent SIRT1 activity

under genotoxic stress. This contention was supported by increased stability of the period and phase of
circadian locomotor activity in COP vs F344 exposed to changing light. The increased sensitivity and
rapid response of COP to changing light were correlated with the enhanced circadian response of this
strain to carcinogen. Disturbance of circadian riwty jetlag disrupted circadian expression of Per2

and DDRR genes and accelerated mammary tumorigenesis in rodents. These results suggest that
uncoupling of DDRR responses from circadian control by environmental stresses and endogenous factors
increasestssceptibility to mammary carcinogenesis.
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Delayed Sleep Onset Latency, Poor Sleep Quality And Blunted Positive Affect In Evening
Types: Experimental Findings And Implications For Treatment

Niki Antypa, Gudrun Eisele, Dimiliana Nikiforou, Willewan der Does

Institute of Psychology, Clinical Psychology, Leiden University, The Netherlands

Background. Evening chronotypes have been repeatedly associated with depression but the mechanisms
underlying this association remain unclear. Some researcdhbes that evening types suffer from poor

sleep quality, but results have been inconsistent across studies. More recently, blunted positive affect and
biases in the emotion information processing of evening types have been suggested. The aim of our study
was to further investigate such underlying potential mechanisms of the evenidgpesssion link by

assessing differences in these known vulnerability factors of depression, namely low sleep quality,
negative biases in emotional cognition, and low pasisffect, in morning and evening chronotypes. This

is the first study to investigate such a spectrum of vulnerability factors of depression in relation to
chronotypes in a single design.

Method. 69 participants (29 morning types and 40 evening typesaasessed. Sleep quality was
investigated during a-@ay period using actigraphy and sedport (Pittsburgh Sleep Quality Index

(PSQD). Participants also completed an affective ggmtask (which is a response inhibition task for
positive and negativwords) and the Positive and Negative Affect Schedule (PANAS) at two time points
(morning and evening hours).

Results. Evening types showed longer sleep onset latencies than morning types as shown through
actigraphy. They also reported significantly worneeg quality. Evening types also reported lower
positive affect in the morning session compared to morning types. There were no differences between
chronotypes on other sleep parameters and on the affectivegmtask.

Discussion: Compared to morninges, evening types showed difficulties falling asleep, reported worse
sleep quality and had blunted positive affect in the morning hours. All these factors could make (healthy)
evening types more vulnerable to depression. Preventive strategies colldbguatafion of the sleep

wake rhythm to improve sleep quality in combination with behavioral interventions to improve mood
early in the day.
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Rotating Night Shift Work And Multiple Sclero
(NHS) And NHS I
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Night shift work has been recenpuggested as a possible risk factor for multiple sclerosis (MS). The
present analysis evaluated the association of rotating night shift work and MS risk in two prospective
female cohorts, the Nurses” Health Study (NHS) and NHS II. History of rotatingghiift work was
assessed at baseline (NHS: 1988; NHS 1l: 1989) and was updated regularly through follow up only in
NHS Il (1991, 1993, 1997, 2001, 2005, 2007). MS cases were defined as new cases diagnosed after
baseline and until the end of follewp (NHS: 2004; NHS II: 2009). We evaluated the cumulative

duration of rotating night shift work in relation to the risk of MS in @eadels and calculated hazard
ratios (HR) and 95% confidence intervals (Cl) adjusting for potential confounders (age, BMI &t age 1
ethnicity, vitamin D, latitude at age 15, pagkars of smoking). A total of 82938 (NHS) and 116288

(NHS 1) women were included in this analysis. At baseline NHS participants were older (mean age 54
years, SD 3.1) compared to NHS Il participants (dggears, SD 3.7). During followp 505 new MS

cases (55 in NHS and 450 in NHS 1) were reported and physician confirmed. Compared to day work,
rotating night shift work was not associated with risk of MS in the NHS 9 y&ars: HR 1.15, 95% CI

0.78 t01.8®; 10+ years: HR 1.07, 95%CI 0.72 to 1.57). Similar results were obtained in the fHS (1
years: HR 1.18; 95% Cl 0.66 to 2.10; 010 years: R
association between duration of rotating night shift work and MS ridglese two cohorts of nurses.

Future studies need to consider the timing of exposure since early life night shift work might be critical
for MS development.
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Investigating Interactions Between ZFHX3 And MYBBP1a In Circadian Transcriptional

Regulation

Minghui Yin!, Stefania Militt-2, Helen Hiltort, Gareth Banks Chris Esapia Patrick M Nolah
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2, Ludwig Institute for Cancer Resear@Id Road CampuResearch Build, Roosevelt Dr, Oxford OX3 7DQ

The transcription factor, ZFHX3 has been identified as a regulator of circadian rhythms in the
suprachiasmatic nucleus (SCN)he site of the master clock of the body. The Skartuit missense
mutation in ZHX3 (Sc) displays a short circadian period phenotype. Although evidence shows that
reducing the transcriptional regulation of ZFHX3 disturbs the expression of neuropeptides which are
essential to SCN signalling, the role of ZFHX3 in SCN circadian function anahdlerular mechanism

underlying ZFHX3dependent networks in circadian regulation is unclear.

Through immunoprecipitation studies we have identified a potential cofactor of ZFHX3piviging

protein 1a (MYBBP1a). This nuclear protein predominantly loeaslin the nucleolus and functions as a
shutting protein for both nuclear import and export. Although it does not contain obviousRIDNKA
binding motifs, previous studies showed that MYBBP1a associates with a number of transcription factors
to regulate gen&ranscription. Evidence suggests that it may regulate the molecular circadian clock by

acting with CRY1 as a emepressor oPer2

Our results show that ZFHX3 is localized in the nucleus and iscadized with MYBBP1la at the
nucleolus. The protetprotein interaction between ZFHX3 and MYBPP1la has also been demonstrated by
pull down. Hence, we propose MYBBP1a may interact with ZFHX3 to regulate circadian gene expression.
To test our hypothesis, we employed luciferase reporter assays to characterizelethef r
MYBPP1la/ZFHX3 complex in circadian gene expression. Through such experiments we hope to clarify
the role of both ZFHX3 and MYBBP1a and provide insight to the mechanisms underpinning the circadian

regulation of transcription.
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Repurposing Of Existing Drugs For Circadian Clock Regulation
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University, Japan?Department of Anatomy and Neurobiology, Kindai University Faculty of Medicine, Osaka,
Japan;®Department of Physiology and Systems Bioscience, Kyoto Prefectural University of Medicine, Kyoto,
Japan;®Division of Seasonaiology, National Institute for Basic Biology, Okazaki, Japan.

Circadian clocks are endogenous timers that control daily rhythms in our behavior and physiology.
Disruption of the circadian clock due to shift work or travel across time zones can |elddgosjed over

the long term, increase risk of diabetes, cardiovascular disease and cancer. The development of new
pharmaceuticals to treat circadian disorders, however, is costly and hugebtptiswening. Therefore,

using a drug repurposing approach,peeformed a higithroughput chemical screen of existing drugs for
circadian clock modulators in human U20S cells, with the ultimate aim of manipulating clock function
vivo. We screened over 1000 known bioactive molecules, which are currently on tlet anankclinical
trials. These compounds are attractive candidates for the treatment of circadian disorders, since they can
be safely administered to animals and potentiallytfasked for use in humans, and their targets are
usually known. We identifig nearly 60 compounds in our chemical screen that altered circadian period.
One molecule that shortens period in cells was tested directly in mice and found to significantly affect
circadian locomotor activity. Our screen indicates that drug repurposatgges are effective in

identifying circadian clock modulators and potential treatments for circadian disorders.
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Synaptic plasticity in PDF expressing circadian neuronsn extreme long and short-sleeper
inbred lines of Drosophila

ShaileslKumar,Yazmin L. SerranoSusan T. Harbison

Laboratory of Systems Genetics, Systems Biology Center,
National Heart, Lung and Blood Institute, Bethesda, MD 20892.

In recent years, there has begremphasi®n theunderstanithg of the complexrelationshipg between
experience, sleep and plasticiéycurrent hypothesis proposes a role of sleep in synaptic renormalization
that enables plastic changes. One potent way to induce plastiekydsure to socially enriched
environments that affect the numbersghapses and ddiyme sleep irDrosophila. We investigatete

impact of social experience on sleep architecture as well as structural changes in young adult brains using
inbred lines oDrosophila melanogastateveloped from populations artificially sefed for extreme long

and short sleefur results indicate significant increases in-time sleep in short and lorgieeper

males exposed to social conditions; yet females exposed to the same conditions show little response.
Social exposure affected ott@eep parameters such as such day and night bout numbers, sleep latency
and waking activity levels, but had little impact on nitihte sleep. We also examined the synaptic
terminals of the projections of the L&Nusing immunohistochemistry experimenithvant-PDF staining

for flies experiencing isolation and enrichment conditions. Data obtained so far indicate qualitative
differences in the synapse number among long and short sleeper flies under different social paradigms.

Funding Source:IntramuralResearch Program HL0O061-0&@, NHLBI, NIH.
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Social synchronization of ultradian rhythms in rats under constant light

Trinitat Cambras, Antoni Diekloguera
Departament de Fisiologia i Bioquimiclniversitat de Barcelona.

Ultradian rhythms are widely present in physiology and behaviour, mostly shaping the circadian
rhythmicity. Actually, polyphasic intrdaily activity rhythms have been recognized in most species.
Ultradian rhythms have been considered to be due to thiégastation of uncoupled circadian oscillators.
This is the case of animals under constant light (LL) that lose the circadian rhythmicity and show
ultradian periodicities.

Here, we tested the effect of social interaction on the ultradian rhythmicity shiydaght. To
do so, we compare the effect of living in collectivity on the motor activity and temperature pattern of two
groups of male Wistar rats under LL. One group (rhythmic rats) was born under LL, thus, rats maintained
a clear circadian rhythmicityThe other group (arrhythmic rats) was born under 24 hdigtk cycles,
thus rats became arrhythmic .

First, we compared the motor activity pattern of 8 rats maintained in individual cages and 6 rats in
collective cages (3 rats/cage) of each groupgadian components were strongly manifested in the
activity pattern of the collective cages of arrhythmic animals. Then, an ibutton was implanted to 6
rhythmic and 6 arrhythmic rats (3 rats/cage). Animals were 20 days in collective cages and afterwards
theywere transferred to individual cages for 16 more days. Spectral analysis was calculated for each
animal data for both stages. The power content of the first, circadian, harmonic (PCH1), higher in
rhythmic than arrhythmic animals, was not altered betwediridual or collectively situation in
rhythmic rats. However, in arrhythmic animals, PCH1 had lower values when grouped. Moreover, in this
group, higher ultradian power (3h period) was found when rats were grouped.

Results indicate that in the cases ibfyghmicity, but with functional suprachiasmatic nuclei,
ultradian rhythms can be synchronized by social interaction.
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Changes in the invariant transitivity of the rat circadian pattern along life

Antoni DiezNoguera, Trinitat Cambras,
Departament de Fisiologia i Bioquimiclniversitat de Barcelona.

When studying the evolution and stability of circadian rhythms through long time periods, certain
structural properties in the measured variables can be detected beyond the strictly circadian rhythm. These
properties are often related with physical andhaatatical concepts like fractals, determinism, or chaos.

In many cases, these structural changes have been proved to be related with the functioning of the
circadian system, like in heart rate or spontaneous motor activity. In the present study welstudied
evolution of motor activity pattern in two groups of rats kept under very different experimental situations.
In al l cases, we observed similar changes in the
time (age of the animal). One growas studied through a period of 170 days and the rats (24 rats, six
weeks old at the beginning of the experiment) were kept under constant illumination of increasing or
decreasing intensities (0-Q1ux). Data series were divided in 11 sections and a@dlyg RQA

(recurrence guantification analysis) to measure transitivity and other structural invariants. In these data, a
uniform decrease of transitivity (from 0.93 to 0.75) was observed through the successive sections of time
while the period and varianof the circadian rhythm changed according the light intensity. The second
group was formed by 40 rats recorded since weaning for 360 days and submitted to different light
regimes. Data series were sectioned in 16 epochs and were analysed by RQA, styaiving,decrease

in the transitivity, especially during the first weeks. Although transitivity is not easily interpretable in
biological terms, it is strongly related with the presence of chaos, so, according to our results, a clear
increase in the chdotbehaviour of motor activity rhythm through time can be suggested, probably

related with the stability angkplicability of the circadian system,
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Novel Feedback loops between 3D Genome Organizers and the Circadian Clock regulate
Rhythmic Chromatin Transitions in the Nuclear Architecture

Diettrich Mallet de Lima, C.Sifakis, M.,Sumida, N., Scholz AB., Martino, M., Tzelepis, |.Vestlund, J.,
Zhao, H.,Ronnegren, A., MillarArifio, L., Imreh, M., and Gonddr, A.

Karolinska Institutet, Department of Microbiology, Tumor and Cell Biology, Stockholm, Sweden

Transcriptionally active and inactive chromatin domains tend to segregate into separatelsab
compartments in the threttmensional space of the nuclelde spatial separation between active and
inactive statetikely promotes theobustmaintenance of cell typgpecific expression patterns and cellular
phenotypesby reducing stochasticluctuations in transcriptional activityUsing novel singleell
techniques that enable the simultaneous detection of chromatin states, transcription stateauridasub
localization of specific loci within the 3D space of the nucleus, we have founeetiian shocknduced
synchronization of circadiatnythminvolvesthe coordinatedndrhythmicrecruitment of clocicontrolled

genes from transcriptionally permissive chromatin compartments to the repressive environment of the

nuclear envelopd.ocalizationof circadian genet the lamingoromoteghe formation otransient inter
chromosomal chromatin fé interactoms between circadian genes angpressedaminaassociated
domains,which is followed bytranscriptional attenuation and the supgmnt release aflock-controlled
genesfrom the laminato the nuclear interio’We have, moreover, uncovered thaythmic chromatin
mobility between active and inactive chromatin environmant$ ensuing oscillations inmanscriptional
activity areregulted bynovel feedback loops between tenome organizers PARROACTCEF, as well

as members of the core clockwo®D genome organizers thus collaborate with the circadian clock
machineryand the nuclear architectueregulate the plasticity of oscitiag 3D chromatin conformations
and circadian transcription.
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Circadian control of cone kinetics

Maria M. Arietti, Sahar Farajnia, Maarten Kamermans

Retinal signal processing lab, Netherlands institute for Neuroscience, AmsterdamNefffezladnds; NeuroTime
Erasmus Mundus.

It is well known that cone responses are faster in the-dighpted than in the daddapted retina due to
light/dark adaptational processes in the phototransduction cascade. In this study we investigated whether
there is also a circadian control of cone kinetics.

Electrophysiological recordings were performed in goldfish retinas during the day and nigh2{t 2D,
DD). Naturalistic stimuli were used to determine cone frequency response relations.

Voltage light esponses of cones were faster during the day than during the night. This difference remained
in DD (n=17,p<0.001). To determine the underlying mechanism, we measured the cone frequency response
relations under currenand voltageclamp conditions. Respseas under curreitlamp are shaped both by
phototransduction and voltaggated currents whereas responses under vellag® are fully determined

by the phototransduction cascade. Both cusrentl voltage clamp recordings showed faster kinetics in

the day than in the night (n=4(<0.01). However, in DD the change in kinetics only occurred under
currentclamp conditions. This indicates that voltaggted channels control cone kinetics in a circadian
fashion.

We found thaty, the current flowing througHCN channels, is circadiamodulated in cones being larger
in the day than in the night both in LD and DD (n=p80.01). Previously we have shown thainiduces
contrast adaptation in cones (Howlett et al., 2017). Sinseircadian regulated, we fod reduced contrast
adaptation at night compared to the day both in LD and DD condifmi@s0l). We next showed the
rhythm in L and cone kinetics is dopamidependent.

Dopamine is involved in the circadian modulationoivhich is larger during theay making cones fast
and allowing contrast adaptation. Circadian modulation of cone membrane properties seems to prepare the
retina to transmit the appropriate visual signal depending on the time of the day.
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Osmo and thermosensitive OVLT neuronsegulate SCN vasopressin neurons in horizontal
slices of mouse hypothalamus

Gizowski C, Zaelzer C, Bourque CW

Research institute of the McGill University Health Centre, Faculty of Medicine, Department of Neurology and
Neurosurgery

Circadian rhythms cabe shifted by noiphotic stimuli, however the mechanisms by which these stimuli
alter the rhythmicity of SCN neurons remain unclear. The organum vasculosum lamina terminalis
(OVLT) is a preoptic multimodal sensory nucleus that contains neurons capabteaifrd) changes in

both temperature and osmolality via the transduction chanABimlri. We therefore we examined if

OVLT neurons can modulate SCN clock neurons. To determine if OVLT neurons project to the SCN, we
injected fluorescent microspheres in 8N of mice. We found retrogradely labelled neurons in the

OVLT, indicating that such neurons send axons to the SCN. In a subset of these mice, hypertonic saline
was injected subcutaneously 2 hours before the brain was perfused with fixative and ctaxagocine
expression of the activitlependent immediate early gerEas. Retrogradely labeled OVLT neurons

were found to expresskos, indicating that such neurons could provide osmosensory information to the
SCN. Indeed, single cell RPCR analysis afetrogradely labelled OVLT neurons confirmed the

expression of difrpvl, and most of these also expressed GAD65, a marker of GABAergic neurons.
Preliminary results suggest GABA excites SCN vasopressin (VP) neurons during the subjective day,
when electricahctivity is low. Since OVLT neurons are excited by hypernatremia and heat, we
hypothesized that SCN VP neurons can be excited via OVLT GABAergic neurons. Using horizontal
hypothalamic slices that retain the OVASICN network, we obtained whetell voltageclamp

recordings of SCN VP neurons. In the presence of Kynurenic acid to block glutamatergic synapses, bath
application of a hypernatremic solution or local heating of the OVLT caused a significant increase in the
frequency of spontaneous inhibitory pgghaptic currents, indicating that a pathway arising from the
OVLT can relay osmoand thermosensory information to SCN VP neurons. The functional significance

of this projection remains to be determined.
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Two antagonistic Casein Kinase 1 Delta @dorms regulated by m6A methylation.

J.M. Fustid, R. KojimadA , KA, | tHo iV?A, CW ah,§ hB .q i, B.hransmadgd. Ojié, S.
Gibo*, G. Kurosaw4 |. Manabé, Y. Ishihamd, M. Ikaw&, H. Okamurd

Department of Systems Biology, Graduathool of Pharmaceutical Sciences, Kyoto University, Skky&yoto
606-8501, Japan.

°Department of Molecular & Cellular BioAnalysis, Graduate School of Pharmaceutical Sciences, Kyoto University,
Kyoto 6068501, Japan.

3Animal Resource Center for Infeati® Diseases, Research Institute for Microbial Diseases, Osaka Univefsity 3
Yamadaoka, Suita, Osaka 56871, Japan.

“Theoretical Biology Laboratory, RIKEN, Wako 36198, Japan.

*Department of Aging Research, Chiba University Graduate School of Mediegak Inohana, Chueku, Chiba
2608670, Japan.

*Correspondence to: j.m.fustin@pharm.kyat@c.jp and okamurah@pharm.kyaiac.jp.

A These authors contributed equally to this work.

The physiological significance of the®methylation of internahdenosines (m6A) in MRNA is

unknown, especially in adult animals, since most reports were so far based exclusively on in vitro
experiments. We demonstrated previously that the mammalian circadian clock is sensitive to the general
inhibition of mM6A. Here, w show that the Casein Kinase 1 delta mREAI( is negatively regulated

by m6A. Moreover, we report the existence of two alternatispliced CK1D isoforms whose

expression increase under méa inhibition in vitro, confirmed in vivo by CRIS&Rmediatel mutation

of the m6A -UTRoflCkld. Thesettwn sofoBnis compete for the phosphorylation of PER2,
but on different residues and with opposite effects on the clock. These findings suggest that m6A
methylation regulates the pace of the clockcbmtrolling the balance between isoforms.
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Direct midbrain dopamine input to the suprachiasmatic nucleus accelerates circadian
entrainment

Ryan M. Grippé, Aarti M. Purohit, Qi Zhand, Larry S. Zweifed, Ali D. Guler*3#

Department oBiology, University of Virginia, 485 McCormick Road Charlottesville, Virginia 22904, USA
2Departments of Pharmacology and Psychiatry & Behavioral Sciences, University of Washington, 1959 NE Pacific
Street Seattle, Washington 98195, USA.

3Department of Newscience, School of Medicine, University of Virginia, 409 Lane Road Charlottesville, Virginia
22908, USA

4Lead contact

Correspondenceaguler@virginia.edyA.D.G).

Dopamine (DA) neurotransmission controls behes/iamportant for survival includingvoluntary
movement, reward processingnd detection of salient events such as food or mate availability.
Dopaminergic tone also influences circadian physiology and behavior. Although the evolutionary
significance of this input is appreciated, its precise neurophysiological architecture remamsrublere,

we identify a novel, direct connection between Dwe-neurons of the ventral tegmental area (VTA) and
the suprachiasmatic nucleus (SCMJe demonstrate that D1 dopamine receptor (Drd1) signaling within
the SCNis necessary for properly timedsggchronization of activity rhythms to phasiefted light:dark
cycles and that elevation of DA tone through selective activation of DBPAneurons accelerates
photoentrainment. Our findings demonstrate a previously unappreciated role for direct Do itiput
master circadian clock and highlight the importance of an evolutionarily significant relationship between

the circadian system and the neuromodulatory circuits that govern motivational behaviors.
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Time-dependent effect of Lateral habenulanhibition on food intake in rats fed a regular-
chow or a palatable freechoice hypercaloric diet.

Aurea Blancad/elazquez?3 Leslie Eggels®, Ewout Foppet Andries Kalsbee¥, Jorge MendoZa
Susanne E. la Fletit

lnstitute of Cellular andIntegrative Neurosciences, CNRS UP3212, 5 rue Blaise Pascal, 67084 Strasbourg,
France.

°Department of Endocrinology and Metabolism, Academic Medical Center, University of Amsterdam, Amsterdam,
The Netherlands.

SNetherlands Institute for Neuroscience, Royal Netherlands Academy of Arts and Sciences, Amsterdam, The
Netherlands

Eating is regulated by central mechanisms controlling the amount and type of food that an organism
requires and likes. In addition, food irsgien exhibits a day/night pattern coupled to the activity period of
the organism. This rhythm is paced by the suprachiasmatic nucleus (SCN), the main circadian clock in
mammals. Other extt&CN central clocks may modulate the daily rhythm of food intfake.Lateral

Habenula (LHb) is an epithalamic area with strong glutamatergic inputs and outputs, and anatomical and
functional connections to the reward system and the SCN. Despite its involvement in the evaluation of
reward and its rhythmic propertiestlétis known about its possible role in feeding behavior and
palatablefood intake Methods: To evaluate the function of the LHb in the regulation of food intake, we
implanted, bilaterally, guide cannulas targeting the LHb in 2 groups of Wistar ratdra gooup with

ad libitum access to water and regular ciaedlets; and a palatable frehoice diet group with ad libitum
choice among: chow food, water, a bottle of 30% sugar water and a dish with lard. After one week of
habituation to the diet, each raceived an infusion of either Saline or CNQX (a glutamatergic receptor
antagonist) during either the light or dark period and food intake was measured 1h after iRfesitts:

When infused with saline, the cheéed group ate more during the dark titaming the light period,

however, when infused with CNQX, this daight difference was blunted. Interestingly, in the group fed
with the palatable freehoice diet, the same effect was observed only for sugar intake but not for the
amount of fat or chowaten. Our results suggest that normal and palatable food intake can be modulated
in a time dependent manner by the glutamatergic system in the LHb.
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Self-service, online analysis of rhythmic data in BioDare2, a community resource

Andrew J. Millarand Tomasz Zielinski

SynthSys and School of Biological Sciences, University of Edinburgh, Edinburgh EH9 3BF, UK

The standalone software that is used to analyse most biological rhythm data is losing potential value for
chronobiologists. Different parts tie community have settled on different software packages, including

our | egacy BRASS for luciferase reporter data. N o
of data and analysis results, though this is increasingly required by the gralath volume and data

diversity, the scale of muisite, collaborative projects, and funder mandates for Open Research. BioDare
(Biological Data repositoryywww.biodare.ed.ac.)kvas established in 2008 address those needs using

an online resource. BioDare hosts substantial private data sets and a minority of public rhythm data,

mostly from Arabidopsis, some from Neurospora. We now introduce BioDare&.biodae2.ed.ac.uk

with free access on a new web interface, to rhythm analysis by-Swmiautgle or Enright periodograms,

MESA, FFT-NLLS, mFourfit and Spectrum Resampling (compared in Zielinski et al. PLoSone,
10.1371/journal.pone.00964%BioDare?2 provides grouped statistics, plotting and@nm, online

storage of data and analysis results: online registration is open. Our current focus is on reporter gene,

activity, and other longerm assg s . Rhyt hm analysis of O6omics dat a,
return of data sharing are planned: contact us to discuss further needs. BioDare/BioDare2 show that a
resource for everyday data analysis can grow to provide a valuable community résourcd, he 61 ong t
of chronobiology data.

BioDare2 development was funded by the EU FP7 Collaborative Project TiMet (award 245143) and the
UK Centre for Mammalian Synthetic Biology (award BB/M018040/1).
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The periods ofbmallrhythms in human mature adipocytes are age dependent
CarrasceBenso, MP (1)*; Kolbe, | (2)*; LopeMinguez, J (1); Lujan, JA (3); Scheer, Frank A. J. L.(4);
Oster, H (2)*; Garaulet, M (1)*

*equal contribution.

Affiliations: 1. Department of Physiology, University of Murcia, Murcia. Spain; IMiBixaca, Murcia. Spain. 2.

General Surgery Service, University Hospital AVirgen d:i
Institute of Neurobiology, University of Léitk, Libeck, Germany. 4. Division of Sleep and Circadian Disorders,
Brigham and Womenbés Hospital, Boston, Massachusetts; al

Boston, Massachusetts, USA

Objective: Circadian organization changes with aga unresolved issue is to what extent-agiated
changes in circadian behavior are the result of effects on the cmrathiasmatic nuclepacemaker,

on peripheral oscillators, or on the mechanisms providing synchronization among contributiatposcil

By usinga bioluminescent reporteour aim was to determine the effects of aging on the rhythm of
expression oBMAL1in adipose tissue peripheral clock, both in subcutaneous (SAT) and visceral (VAT)
adipose tissue.

Methods: SAT and VAT biopsiesvere obtained from obese subjects during bypass surgery (n=16; BMI:
44.8+11.4 kg/rfy age: 4419 y [range: 388]). Cells were transfected with a lentiviral construct

(Bmall:lug (1) and bioluminescence was measured every 22 minutes over a period ofThdays.
conditions of the culture did not change across the three days of experiment for osmolarity (mean+SD)
(Initial:337+3 mmol/kg, Final:358+4 mmol/kg) and pH (Initial:7.1+0.24, Final:7.5+£0.41).

Results Human adiposeells showed a robust rhythm BBMALL. More importantlycircadian

rhythmicity in human adipostissue was affected by agintheperiod in mature adipocytes was 21.32 h

and the acrophase was at 10:21h with no significant differences with preadip®ad5]. However,
amplitude was significantly lower in mature adipocytes (66.04 AU) than in preadipocytes (95.17 AU;
P=0.01). We also found a significant correlation between the age and the period of subcutaneous mature
adipocytes towards a shorter periaaaag older than younger subjects (Beta= 4 min/yieax).05).

Conclusion We have demonstrated the utility of a bioluminescence reporter by viral transduction to
measure circadiarhythms in human adipose celfgging seems to affect rhythms in the pegpd clock

of human’s adipose tissue. The importance of these results is based to the fact that they weraobtained
vitro, without the influence of the suprachiasmatic nucleus, which demonstrates that age is affecting
circadian organization by changedtie peripheral clocks.

1. Brown, S.A., et al., The period length of fibroblast circadian gene expression varies widely among
human individuals. PLoS Biol, 2005. 3(10): p. e338
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Application of the Mathematical Model for Autocrine Regulation
with Diffusive Signalling Agent to GnRH Neurons Synchronization

Marina Chugunovayiaster of Science Student
Department of Mathematics and Statistics, University of Calgary, Canada.

Gonadotropirreleasing hormone (GnRH) is synthesized and released frormiR Geurons located in
hypothalamus. The rhythmical pulses of GnRH are necessary for the correct reproductive function in
mammals.

Based on experimental data, the autocrine regulation mechanism of the GnRH oscillations is widely
accepted. According to thinechanism, GnRH acts both as a regulator of the intracellular oscillations in a
single GnRH neuron and as a signalling molecule that synchronizes the oscillation of the GnRH neurons
spread out in hypothalamus.

The mathematical model for such synchronization was based on the assumption of stierecel|

extracellular space with the averaged concentration of the signalling particles. Recently, the mathematical
model for the autocrine mechanism was introducel thi¢ included diffusion and degradation processes

for the signalling chemical in the extracellular space.

In this poster, the latter model is tested against the specific parameters of the GnRH synchronization. The
correlation with the experimental datapes the diffusive distribution of the signalling molecule
concentration to be one more resource for the intercellular synchronization of the neuron oscillation.

212



P.135

Diurnal changes in ingestive behavior: Monitoring food "Micro-Intake™ events in mice
provides essential information

Andreas Molich(1)% John Lighton(2)

1 Sable Systems Europe GmbH, Berlin, Germany, 2 Sable Systems International Inc., Las Vegas, USA

Measurement of food intake by small experimental animals like mice or rats is typiedtiymed
gravimetrically. The mass of a food hopper is monitored, and the abrupt increase in the variance of the
hopper mass that signals an intake event is detected. The decrease in hopper mass following the re
establishment of mass stability equalsniess of food removed.

However, the low mass resolution of most intake monitoring systems (usudly h@) dictates the

smallest intake event that can be detected. Using a high resolution food intake monitoring system with a
detection limit of 2 mg (Sabl8ystems Promethion) we show that many intake bouts occur below the
detection threshold of conventional food intake monitoring and metabolic phenotyping systems.

The food uptake of 8 male C57BL/6 mice kept at a diurnal cycle 12h/12h was measured edrit diffe
temperatures ranging fromi® 9 AC.-i iMaker o events (here defined a
intake between 2 and 20 mg) typically lasted for < 2.5 min, with some lasting < 1 min-iMade

events comprise 280% of total intake events.

Within the lightcycle about 70% of all intake events occurred during the 1plgase. However, the
proportion of micrantake events to total intake events was higher during th@lase then during the
nightphase. This uptake pattern was shown by @adikiidual mouse and did not change with
temperature or, thus, with metabolic flux rates.

Al t hough the conntrabedi enemtf s Aitmé cr @t al food intak:
corresponds to a decision to initiate intake followed bydraptiety and termination of feeding behavior.
Micro-intake events cannot be ignored if a complete understanding of model animal feeding behavior is
desired.
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MicroRNA regulation of photoperiodic timing in Drosophila
Eran Taubér? and Mirko Pegoraro
Department of Evolutionary & Environmental Biology, University of Haifa, Haifa, 3498838, Israel
’Department of Genetics, University of Leicester, University Road, Leicester, LE1 7RH, UK

To endure winterProsophila melanogasteiemales enter a state of reproductive arrest (diapause) that
permit relocation of resources from reproduction to survival. Diapause is induced by decreasing
temperature and short photoperiods. The molecular basis for this photoperiodic timing is largely unknown.
Here, we have sought to determine how the transcriptional landscape changes, following photoperiod
shortening. Using microarrays, we have identified 517 genes showing differentially expression in heads of
females maintained in different d#gngth. Overrepresented gene ontologies in this list included
oxidoreductase, alternative splicing, fatty acid and AoyA metabolismHsp70genesvere at the top of

the photoperiodic list. The circadiatock genesvrille (vri) and shaggy(sgg were also differentily
expressed and may be candidates for a link between the circadian and the photoperiodic clocks. In addition,
we identified seven miRNAdfnemir-2b, dmemir-11, dmemir-34, dmemir-274, dmemir-184, dmemir-

184* dmemir-285 that are differentially exgssed in different photoperiods. We show that niss
expression ofimemir-2b, dmemir-184 anddmemir-274in a subset of clock neurons in the brain (PDF
positive), largely disrupt normal photoperiodic response. Our results expand on existing data in other
Drosophilaspecies, identifying a number of genes and pathways that are differentially regulated in different
photoperiods and diapause status. To our knowledge this is a first demonstration of a functional role of
mMiRNA in insect photoperiodism.
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NIGHT SHIFT WORK IS A RISK FACTOR IN INCREASED ALLOSTATIC LOAD AND
WORK-ASSOCIATED ARTERIAL HYPERTENSION

Svetlana Gorokhove, Victor Pfaf, Elena Muraseyevand Oleg Atko¥

IResearch Clinical Center of JSC Russian Railways, Moscow, ReRsissian Medical Academy Gfontinuous
ProfessionaEducation Moscow, Russia

Shift work is associated with the risk factors of cardiovascular diseases. The increase of blood pressure
(BP), which has diurnal rhythmicity and reflects allostatic load (A&l lse the main risk factor. The aim

of the study was to assess the connection between night shift work, allostatic load, and arterial hypertension
(AH) in railroad workers.

Methods. The study included 131 railroad workers. The work schedule; chronosge;asid motor

activity were assessed; and clinical examination was performed. The AL index was calculated from 11
biomarkers (body mass index, BP, hemoglobin, blood glucose, cholesterol etc.) The dependence of AH on

the profession was evaluated based afsadtio (OR), relative risk (RR), and etiological fraction (EF).

Results. 65.95% of the participants had a direct shift sequenced(daight); 12.1% had a reversed
sequence; and 21.95% the sequence was 0mWpti geeofnisrbe d
and 1.3%0 6owl s 6. Changes i n nd afteremork ghift ivére foumch ¢ny3.8% e f or e
participants, AL index was 0; in 29.8%, it corresponded with low, in 35.1% with moderate, and in 31.3%

with high AL. The biggest contribution to ALI was from systolic and diastolic BP, cholesterol, and
hemoglobin. Sitistics confirmed the dependence of AL on occupation; the link between AL and night

shifts; and the dependence of AH on occupation in night shift workers (OR=2.95, 95%@:333&R

=1.91, 95% CI: 1.2B.01, EF = 47.63%).

Conclusion: Night shift worlks reliably associated with the increase of AL. It can be connected with some
features of the chronotype of workers, and with sleep disturbances. Systolic and diastolic BP have the
highest contribution to AL index. In presence of allostatic overload AHbearonsidered a worlelated

disease in night shift workers.
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Mitochondrial | igases involved in devel opment
clock in Drosophila melanogaster

Doktér B., Damulewicz M., Pyza E.

Department of CelBiology and Imaging, Institute of Zoology and Biomedical Research, Jagiellonian University,
Krakow, Poland

Parkinsonbds disease (PD) is one of most common ne
norrmotor symptoms. One of them is sleeputisance, which is present in 60% of patients. Because

sleep is under control of the circadian clock, we hypothesized that the clock could be disrupted in PD. To

test this hypothesis, we used tBmosophilamodels of PDMUL1 andpark mutants. MUL1 and PARK

proteins encode mitochondrial E3 ligases involved in mitophagy. We found that fligl\ith or park

mutation have different patterns of cycling expression of clock geeestimandclockand

accumulation of PER in light/dark conditions (LD12:12). ®W0 observed that a period of the circadian

rhythm of locomotor activity is lengthen in both mutants. MoreovéliL1 mutants the circadian

rhythm in changes of BRUCHPILOT (BRP) level, a presynaptic protein important for neurotransmission,

is changed. Quresults indicate that disturbances in MUL1 and PARK dependent mitophagy cause

di sorders in the circadian clock functioning, whi
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A NOVEL ROLE FOR AN ANTI -OXIDANT TRANSCRIPTION FACTOR NRF2 IN
REGULATING THE AGE -RELATED CHANGES IN SKELETAL MUSCLE CLOCK
FUNCTION

Fawcett $, Horton N, Carter &, Sarumi B, Copple %, Park K, Vasilaki Al, Jackson M McArdle At,
PekovicVaughan V.

nstitute of Ageing and Chronic Disease, University of Liverpool, UK and MRI@itis Research UK Centre for
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2Institute of Translational Medicine, MRC Centre for Drug Metabolism, University of Livergéol,

The circadian clock is an evolutionary conserved intrinsic timing mechanism that governs most
physiological and metabolic processes across species. Disruption of circadian rhythms in rodent and
humans has been associated as a major risk factovéoatagerelated diseases characterised by an altered
redox control. We have previously published that a transcriptional clock mechanism in the mammalian lung
tissues regulates cellular antioxidant defence system and the responses to external ojicgatiGvien

the physiological role for reactive oxygen species in the daily function of skeletal muscle, here we
investigated the hypothesis that NRF2, a master regulator of antioxidant defence, regulates the skeletal
muscle clock function and redox homtsis. Usinggenetic, pharmacological and rdimhe imaging
approaches, wiglentified a feedback mechanism between the molecular clock machinery and the NRF2
mediated antioxidant pathway. Pharmacological manipulation of NRF2 exerted robust effectstba both
amplitude and phase of circadian clock oscillations. Moreover, single muscle fibre analyses demonstrated
cellFautonomous changes in the core clock gene expression in fibres isolatedNrfidid{O mice.
Interestingly, similar effects on clock gene expression were evident in muscle fibres isolated from-old wild
type mice. Loss oNrf2 or ageing led to altered muscle clock gene cycles but actidatedvorhythmic
transcriptional cycles of genéssolved in inflammation and stress resistan@iétogether, these findings
implicate NRF2 as a novel therapeutic target which may be utilised to reset disrupted circadian rhythms
seen in several agelated diseases associated with skeletal muscle ngasicluding COPD and
sarcopenia.
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Letdébs have a | ook at trdsikentcaisr cadi an syst
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Denmark

Lines of evidence points to stress as beingyadavironmental factor for developing a
depression, but underlying pathology is still elusive.

It is frequently reported that disturbances of the circadian rhythm are observed in individuals suffering
from depression. In contrast, the circadian rhythmstiass resilience is rarely investigated.

This study focuses on core components of the circadian system using a subgroup- of stress
resilient rats from the chronic mild stress (CMS) model of depression to gain insight into the etiology of
depression.

After 3.5 weeks of CMS, groups of 8 stressilient rats and groups of 8 naive control rats were
decapitated at 3 different time points/zeitgeber time (ZT) (ZT2, ZT6, and ZT18, respectively). Prior to
decapitation, the resilient phenotype was furtherrsbegacterized by two behavioral tests, the open field
(OF) test and the spontaneous alternation behavior (SAB) test. The levels of plasma melatonin and
corticosterone were measured using immunoassays. Expression of core clockPgehe$€r2,and
Bmall) in liver and in brain tissue was quantified using quantitativetiea polymerase chain reaction
(reakttime gPCR) andh situ hybridization histochemistry, respectively.

No significant differences were shown between groups neither in hormone levieldabavioral
parameters scored in the OF test and in the SAB test. Howamclock gene expression was affected
by CMS, both in liver and in nucleus accumbens. InterestiRgl§2 alterations in resilient rats, in nucleus

accumbens, associate wititieased reward consumption.

218



P.141
In vitro Modeling the Circadian Rhythm of Phagocytosis of Photoreceptor Outer Segments
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Retinal photorecepte undergo daily renewal of distal outer segment (POS) discs and their phagocytosis

by a monolayer of retinal pigmental epithelial (RPE) cells. This process removes toxic metabolites and
ensuregroper functioning of photoreceptors which is essential domal vision. POS phagocytosis is a

cyclic processhat takes place in rods and cones as a daily peak, occurring about one hour after light onset.
Removal of she®OS is critical for maintaining photoreceptor viability as demonstrated in numerous retinal
pathologies causelly defects in RPE phagocytosis. Surprisingly, little is known about the molecular
machinery that drives thjgrocess. The daily rhythm of POS shedding and RPE phagocytosis is driven, in

part, by circadian clocks, i.enolecular pacemakersomprised of transcriptionditanslational feedback

loops with a period of roughly 24h.

The development of aim vitro model of phagocytosis with circadian characteristics is an important step

for investigating the link between circadian clock output pimalgocytosis. In this study, we used a serum
shockprocedure to synchronize ARPE9 cel |l s grown as 6di ssociatedd c
matrigelcoatedurfaces. Twavay ANOVA showed differences in expression across time for all analyzed
circadan andphag ocytosis genegJlockp<0,05;Per2 Cry2p<0,01 ;Perl, Cryl, RevErb, Bmall,

Itgb5, Mfge8 Ptk2 Gas6andProslp <0, 0001) in O6di ssociatedod6 cell c
expression oPer2, Cry2 (p<0,05),Perl, Cryl, Bmall, Itgb5, Ptk2 (p<0,01),Gas6(p<0,001) andvfge8

(p<0,0001) in the ARPHE9 monolayers. Theynchronized ARPE9 monolayer will be challenged with

bovine POS at different timgoints to model theircadian rhythm in phagocytosis. In summary, this

cellular model rpresents a novel tool for dissecting thelecular machinery driving POS phagocytosis.
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