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L
Editorial
e théme de la journée grand public de I'Institut National du Sommeil et de la
Vigilance était cette année « sommeil et rythme de vie ». Par ailleurs, le
congrés annuel Sommeil s’est tenu a Marseille du 19 au 21 novembre
2009. Cette manifestation qui a réuni plus de 2000 participants était co-
organisée par la Société Francaise de Recherche et de Médecine du Sommeil
(SFRMS) et la Société de Pneumologie de Langue Francaise. Pour la premiére
fois, a cette occasion, la SFC a parrainé une session intitulée «Chronobiologie, per-
formances et sommeil» qui a été suivie par une assistance importante, malgré la
tenue simultanée d'une session sur | ‘apnée du sommeil.

Le programme que nous avions construit en commun avec la SFRMS impliquait
Kurt Krauchi, de I'équipe d’Anna Wirz-Justice (thermorégulation et rythme veille-
sommeil), Antoine Viola, ancien lauréat de la SFC (polymorphisme de per3 et per-
formance cognitive), et Patricia Franco de Lyon (retard de phase ou retard d'endor-
missement chez I'enfant et I'adolescent?). Cette derniére conférence qui a abordé
un probléme majeur de société a fait la manchette du Quotidien du Médecin (voir
plus loin le résumé dans Rythmes).

La chronobiologie était aussi présente dans 2 ateliers de formation des praticiens
du sommeil consacrés a « médecine du travail » et « chronothérapie, photothérapie
et mélatonine » animés par des membres de la SFC, et une session de communi-
cations orales.

L'une de ces communications, issue du groupe d'lsabelle Arnulf de Paris, était
consacrée a l'influence des matines sur le sommeil et les rythmes chez les moines
cloitrés. Si les matines ne constituent pas un zeitgeber que nous prenons en comp-
te dans nos protocoles traditionnels de chronobiologie, elles ont des conséquences
comportementales importantes. Dans la pratique religieuse des moines cloitrés, les
matines ou messes du matin se situent fort t6t dans la nuit (Oh15 a 2h15) et vont
donc interrompre le sommeil. Les clercs séculiers doivent eux aussi réciter les mati-
nes, mais a I'neure qui leur convient, pour le bonheur des quelques fidéles coura-
geux.

Cette communication nous a appris que les moines les plus adaptés a cette prati-
gue ont un chronotype du matin. Néanmoins pour étre présents a l'office, tous les
moines ont besoin de plusieurs réveille-matin (e?), ce qui semble justifier le viell
adage populaire « étre étourdi comme le premier coup de matines ».

(Suite page 122)
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Les moines se couchent t6t (vers 20h), avec une difficulté d’endormissement et un temps de sommeil diminué
(moins une heure), comparé aux sujets contrdles. Pendant les matines qui se déroulent dans une quasi obscu-
rité (moins de 30 lux), les moines ne sont pas somnolents. Par contre, ils ont la sensation d’'un sommeil moins
rafraichissant au matin et d'un moins bon fonctionnement intellectuel diurne. Leur courbe de température inter-
ne est biphasique, avec une interruption de la chute vers 23h qui anticipe le réveil des matines, puis présente
une rechute avant la fin de la messe. Les moines cloitrés constituent donc un modéle chronobiologique parti-

culierement intéressant.

De facon plus générale, au vu de l'intérét montré au cours de différentes manifestations en 2009, la chronobio-
logie constitue désormais un point de rencontre incontournable de plusieurs disciplines, dont la santé publi-

que. Notre Société se doit de renforcer ces interactions.

In Memoriam Bernard Metz 1920 — 2009

I Bernard Metz était un homme de grande stature,
morale et scientifique.

Durant la guerre, il se consacra tres activement,
depuis 1943, a l'organisation clandestine du
£ Groupement Mobile d’Alsace, dont les maquis
. constituerent la Brigade Alsace-Lorraine ; c'est
lui qui fit choisir André Malraux comme colonel
de cette Brigade qui, intégrée a I'armée régulie-
re, participa aux combats de la libération de I'Al-
sace et de la Lorraine. Il était sous-lieutenant.

Bernard Metz était professeur de physiologie appliquée a la
Faculté de Médecine de Strasbourg. Il avait fondé et dirigé le
Centre d’Etudes bioclimatiques, laboratoire propre de physiolo-
gie humaine du C.N.R.S. : intéressé de longue date par les
rythmes biologiques, il faisait partie de la Society for Biological
Rhythms. L’'énumeération serait longue des diverses responsabi-
lités qu'il avait assumées, concernant la physiologie du travail,
les maladies professionnelles, I'alcoolisme, la fondation et la
présidence de I'International Ergonomics Association, etc.

En avril 1967, S. Jerebzoff, A. Reinberg, Th. Vanden Driessche

Bruno Claustrat
Président

et moi-méme avions décidé de créer un groupement des ryth-
mobiologistes de langue francaise, et m’en avaient chargé. B.
Metz avait accepté de figurer dans le comité de patronage de
notre association. Quelque 400 chercheurs se sont déclarés
intéressés par notre initiative. Il était essentiel de constituer un
Conseil solide. Qui choisir ? Bernard Metz connaissait beau-
coup de chercheurs ; javais mes entrées auprés de lui et je
savais qu’il méritait toute confiance. Je suis allé le consulter
avec ma liste de quatre cents noms ; il m'a donné d’excellents
avis, nous permettant d’'établir un Conseil équilibré et de faire
démarrer notre société, le 23 janvier 1969. Dans le groupe
d’initiative il connaissait et il avait approuvé bien sir le nom
d’Alain Reinberg ; en outre il avait conseillé Maurice Fontaine,
Ivan Assenmacher, André Hugelin (les quatre premiers prési-
dents de la société !), ainsi que, pour la psychologie expetlmen-_
tale, Mme Geneviéve Oléron, aux avis toujours fe
Jean De Prins, dir;;* <" Contribution a I'histoire de Ta Chronobiolo-
gie », Bull. Gr. Et. Rythmes Biol., 21 (1)--1-70). Entgute discré-
tion, |I nous avait puissamment aldes

C’est au plan de I'amitié que je veux expriW
me cause le déces de Bernard Metz. -

Lucienﬁlaud

Vos coordonnées accessibles sur le site de la SFC

M, Mme, Mlle, Prénom, Nom :

Tel: | |

Fax: | |

Titres, fonctions :

Courriel :

Adresse :

Mots clefs :

Pensez a actualiser vos données

Utilisez ce formulaire pour une
premiere inscription ;

Modifiez vos données en ligne si né-
cessaire (voir page 123).

Etienne CHALLET , Secrétaire Général de la SFC

5 rue Blaise Pascal, 67084 STRASBOURG Cedex

Laboratoire de Neurobiologie des Rythmes
CNRS UPR 3212, Université de Strasbourg

Tel: 03.88.45.66.93; Fax: 03.88.45.66.54

e-mail: challet@neurochem.u-strasbg.fr
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Visitez réquliéerement le site Web de la SFC

Le site de la Société Francophone de Chronobiologie est consultable a I'adresse

htto://www.sf-chronobiologie.orq

out comme l'ancien site, il comporte une présentation de la société et de ses activités ainsi
gu’un annuaire de ses membres. Chaque membre recevra un courrier avec un nom de login et
un mot de passe personnel qui lui donnera un acces personnel pour notamment modifier sa fi-
che. Le site constitue aussi une riche source d’informations sur la recherche et I'enseignement qui por-
tent sur la chronobiologie, ainsi que sur I'actualité de cette discipline. Je vous laisse explorer le site de
maniére plus approfondie et compte sur vous tous pour l'alimenter régulierement et le faire vi-
vre longtemps !

Sophie LUMINEAU

hiercredi 16 Décembre 2005
Societe Francophone de Chronobiologie
LigfLich W o ht
] o . -
il | 7, Flan du site | 223 Contact
Accueil | La SFC | Actualités | Annonces | Biblingraphie | Espace membre | Services | Liens | B
Recherche Bienvenue sur le site de la SFC. Menitre? > Vous identifier

dans tout le site @

» recheiche avancés

‘4 La Société Francophone de Chronobiologie est heursuse de wous -
accueillir sur son nouveay site. # Découviez la Société Francophone de
Frenez le temps de naviguer pour découwrir au fil des pages la SFC, son gg';g?:ﬁ:gﬁ'ﬂ? ses buts et activités s les pages
histoire et ses activités..

@A propos de la SFC
tieux connaitre la SFC
Les statuts de la SFC
Conseil d'administration

~&vntre rythme

# La revue "Aythmes".
o gg activités de la SFC Deécouvrez la revue publiée par la SFC.
Le congrés annuel .

La revue Rythmes A la une # Les événements a venir
Le prix Jeune chercheur = Collogues, congrés ou émissions en rapport
& Vous hail il O - e hialogia 7 avet la chronobiologie....

# Les annonces en ligne.
Offres d'emplois, de stages. sujets de théses

e Actyalites
Ewvénements
Actualités diverses
Soutenances

Participez & Iz formation permanente "Prise en compte de laspect
rthroique en biologie” organisée & Strasbourg en juin 2010

4 26th Conférence de I'International Society for Chronobiology (15C) a Yigo,
Espagne
The 2&th Conference of the International Zociety for Chronobiology
(ESC) witl be held in Vigo, Spain, from Jufy 5 4o 10, 2010,

e Annonces
Stages et emplois
Propositions de théses 2 Découvrez le nouveau livre d'Andié Klarsfeld: “Les horloges du vivant:
comment elles rpthment nos jours et nos nuits™
Farution du Nure “Les horfoges du wivant” sux éditions ©, Jacob

i@ Bibliographie

e Espace membres h biologi
Service de publications

Gérer votre compte

i3 Yous cherchez un post-doc en et il ? Cette offre vous
intéressera |

A postdoctoral position in chronobiology and sleep research is available

in the lzboratory of Dr. Ralph Mistiherger at Simon Fraser University

(Canada)

# Le 12e congrés de la SHBR aura lieu en Flonde du 22 au 26 mai 2010
Society for Research on Biological Rhythms 12th Biennial Meeting - May
22, 2010 - May 26, 2010

©la haine Gordon Conf sur la biologie des pinéalocytes se
déroulera au Texas du 7 au 12 février 2010

ie Forums

i@ 'annuaire des membres

e Description des services
Les annonces en ligne
Les outils de recherche
Utiliser ['annuaire
Fégles de publication

E010 Gordon Research Conference on "Fineal Cell Biology: Mechanisms
OF Clvcadian Rhythrnicity And Melatonin Action™ will be held from
February 7-12, 2010

isliens

i Le workshop NIDDK "Rythmes circadiens et métabolisme™ e liendra a
Bethesda du 12 au 13 avril 2010
MIDOK Workshop: Circadian Rhythms and Metabolism Workshop Aprit
12-13, 2010 gt the Marrio® North Conference Center in Bethesds, MD

[R éduire le menu]

13 Alimentation et génes de I'horloge
Journée de séminaires le 04 furier 2010, organisée par TR

Accueil | Infos |égales | Compatibilité

Comment actualiser ses coordonnées sur le site.

Si vous connaissez votre identifiant et votre mot de passe, aller dans Espace membres et entrer I'i-
dentifiant et votre mot de passe, puis suivre les instructions.

Si vous n'avez pas encore votre identifiant et votre mot de passe, vérifier d'abord que vous étes bien
enregistré dans I'annuaire Annuaire_des membres et cliquer sur la lettre initiale du nom. Noter le
mail sous lequel vous étes enregistré.

Aller dans Espace membres et cliquer sur Login/Mot de passe oublié? ; on vous demande alors le
mail sous lequel vous étes enregistré, et vous recevrez alors votre identifiant et votre mot de passe.
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Message de ['Editrice de RYTHMES

Chers amis,

Comme cela a été voté lors de la derniére As-
semblée Générale de la SFC qui s’est tenue a
Strasbourg en aolt dernier, des évolutions ont
été apportées a la publication de RYTHMES.
Du fait de l'utilisation de plus en plus massive
des moyens de communication informatiques,
une grande majorité d’entre vous a opté pour la
version électronique du journal. C’est un format
que je vous recommande fortement car il est
plus économique et plus écologique. En parallé-
le, une version papier est maintenue afin de sa-
tisfaire tous les lecteurs de RYTHMES. Des
changements vont cependant étre apportés afin

First announcement

News & Deadlines
Committees
Call for proposals
Information
Exhibitors & Sponsors

Contacts

About FENS Forums

Fabienne AUJARD

de faciliter le tirage et I'envoi du journal, dans le
but de continuer a respecter la fréquence de
publication que nous nous sommes fixée. C'est
pourquoi je vous rappelle qu'a partir de 2010,
les versions papier de RYTHMES seront reliées
par agrafage et que la cotisation annuelle a la
SFC incluant l'inscription automatique a 'EBRS
et I'envoi de la version papier de RYTHMES est
maintenant fixée a 35 €. La cotisation annuelle
incluant I'envoi de RYTHMES en version élec-
tronique reste a 25 €.

Je vous remercie pour votre fidélité et profite de
cette période de fin d’année pour vous présen-
ter mes meilleurs vaeux pour 2010.

7t|1
AR SR T g

(2 P St - i =

July 3-7, 2010

Amsterdam | The Netherlands

Crganised by
THE FEDERATION OF
EUROPEAN NEUROSCIENCE SOCIETIES (FENS)

Hosted by
Dutch Neurofederation
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La physiologie saisonniére sous un nouveau jfour

Florent REVEL

Neurobiologie des Rythmes, Institut de Neurosciences Cellulaires et Intégratives

Résumé

Chez les espéces saisonniéeres, si la fonction de re-
production est organisée de fagon si précise par la
photopériode, c’est pour que les « petits » puissent
voir le jour au meilleur moment de I'année. Question
de survie. Chez les mammiféres, on sait depuis
longtemps que cette tache revient au circuit photo-
neuroendocrine qui, par une libération savamment
dosée de mélatonine, coordonne le fonctionnement
des différentes fonctions saisonniéres - dont la re-
production. A l'inverse, les substrats anatomiques et
les mécanismes cellulaires par lesquels cette hor-
mone module la physiologie saisonniéere restent en-
core obscurs. Récemment, plusieurs génes ont été
catalogués dans I'encéphale de mammiferes saison-
niers comme étant régulés par la photopériode, et
sont désormais suspectés de jouer un réle actif dans
la régulation de la biologie saisonniére. Nous dres-
sons ici un bref portrait de plusieurs d’entres eux, et
examinerons comment, sous lI'impulsion de la méla-
tonine, ils opérent pour réguler la reproduction sai-
sonniére. Enfin, nous verrons comment ces nouvel-
les données placent une structure hypophysaire, la
pars tuberalis, a l'interface de la mélatonine et des
fonctions saisonniéres.

Abréviations :

AA-NAT: arylalkylamine N-acetyltransferase ; AVPV:
Noyau periventriculaire antéroventral ; Dio2: Déiodi-
nase de type 2 ; Dio3: Déiodinase de type 3 ; FSH :
Follicle-stimulating hormone ; GnRH : Gonadotropin-
releasing hormone ; GPR54: G protein-coupled re-
ceptor 54, ou KISS1R ; KISS1R: Kisspeptin recep-
tor, ou GPR54 ; LH : Luteinizing hormone ; MT1:
Récepteur a la mélatonine de type 1 ; MT2: Récep-
teur a la mélatonine de type 2 ; PC: Photopériode
courte ; PL: Photopériode longue ; PT: Pars tubera-
lis ; RFRP: RFamide-related peptide ; SCN: Noyaux
suprachiasmatiques de I'hypothalamus ; T3: Triiodo-
thyronine ; T4 Thyroxine ; TSH: Thyroid stimulating
hormone.

1. Contréle saisonnier de la reproduction:
des photons, de la mélatonine, eft.. ?

La reproduction est une fonction hautement com-
plexe, orchestrée par Il'axe hypothalamo-
hypophysaire. Lorsqu’ils sont excités de facon syn-
chrone, une poignée (moins de 2000) de neurones
hypothalamiques secrete du GnRH (gonadotropin-

CNRS UMR7168/LC2 - Université Louis Pasteur
5 rue Blaise Pascal, 67000 Strasbourg

Email : frevel@neurochem.u-strasbg.fr

releasing hormone) de fagon pulsatile dans le syste-
me porte hypophysaire, afin de stimuler la libération
des hormones gonadotropes par I'adéno-hypophyse
(luteinizing hormone - LH, et follicle-stimulating hor-
mone - FSH). A leur tour, ces hormones exercent
une action biologique sur les gonades, ou elles pro-
meuvent la gamétogenése et stimulent la production
des hormones stéroides sexuelles (testostérone,
oestrogene, progestérone). Ces dernieres contrblent
les caractéristiques sexuelles secondaires, modulent
le comportement sexuel, et contrblent I'activité de
I'axe hypothalamo-hypophysaire en retour. L'activité
de cet axe biologique n'est pas fixe, mais varie a
plusieurs occasions : chez I'homme par exemple, il
est activé de maniére transitoire lors de la période
péri-natale, puis devient quiescent jusqu’a ce que la
sécrétion de GnRH augmente de nouveau a la pu-
berté, pour permettre la maturation finale des gona-
des (Sisk & Foster, 2004; Clarke & Pompolo, 2005).
Pour beaucoup d'autres especes, des régulations
saisonnieres s’operent par ailleurs afin de restrein-
dre temporellement I'activité de reproduction a une
période donnée de I'année.

Chez les especes saisonnieres, le contréle annuel
de la fertilité permet aux petits de naitre a la période
la plus favorable de l'année, généralement quand
les ressources sont les plus abondantes et les
conditions de vie clémentes. Le plus souvent, les
organismes saisonniers utilisent les variations de la
durée du jour, ou photopériode, pour discriminer et
anticiper les saisons a venir (Malpaux et al., 2001).
Chez les mammiféres, un circuit dit « circuit photo-
neuroendocrine » décode la photopériode ambiante
et contréle la production de I'hnormone mélatonine
(Figure 1), qui coordonne alors le fonctionnement
des fonctions physiologiques saisonnieres (telles
que la reproduction et la prise de poids) avec la pho-
topériode (Pevet, 1988; Goldman, 2001; Malpaux et
al., 2001; Schwartz et al., 2001; Simonneaux &
Ribelayga, 2003).

Le décodage de la photopériode par le systeme pho-
to-neuroendocrine nécessite un pacemaker circa-
dien fonctionnel dans les noyaux suprachiasmati-
ques hypothalamiques (SCN). Bien que son fonc-
tionnement se calque sur des cycles de 24h, cette
horloge est dotée d'une grande plasticité et s’adapte
a un large spectre de photopériodes, entrainant par

(Suite page 126)

Décembre 2009



126

(Suite de la page 125)

la méme [lactivité des fonctions physiologiques
gu'elle contrble. Des données récentes indiquent
gue les changements saisonniers de photopériode
affectent le fonctionnement de I'horloge circadienne
de facon durable (Johnston, 2005), tant aux niveaux
moléculaires (Vuillez et al., 1996; Pevet et al., 1997;
Pevet et al., 1999; Schwartz et al., 2001; Tournier et
al., 2003; Sumova et al., 2004; Hazlerigg et al.,
2005) gu'au niveau de l'activité électrique neuronale
(Jagota et al., 2000; Mrugala et al., 2000; Meijer et
al., 2007; VanderLeest et al., 2007).

Mélatonine

al., 2001).

La mélatonine est une petite molécule amphiphile
produite par la glande pinéale, libérée dans la circu-
lation générale et le liquide céphalo-rachidien dés
gu'elle est synthétisée (Simonneaux & Ribelayga,
2003; Tricoire et al., 2003). Des sites de liaison ont
pu étre identifiés par autoradiographie, avec I'utilisa-
tion de [**I-mélatonine comme radioligand. Alors
gu'un grand nombre d'espéces a aujourd’hui été
examiné, le nombre total des structures marquées
se révele particulierement élevé : plus de 100 struc-
tures centrales et 30 structures périphériques sem-

blent lier la mélatonine spécifique-
p. Mment (Masson-Pevet & Gauer,
1994; Masson-Pevet et al., 1994,
Morgan et al.,, 1994; Morgan &
Mercer, 1994). Pourtant, de gran-
des différences existent entre les
especes, et seulement 2 structures
sont invariablement identifiées: les
SCN et la pars tuberalis de I'adé-
nohypophyse (PT). Chez les mam-
miféres, deux récepteurs a la mé-
latonine a haute affinité, de type
récepteur couplé aux protéines G,
ont pu étre décrits : MT1 et MT2
(Masson-Pevet & Gauer, 1994;
Morgan et al.,, 1994; Morgan &
Mercer, 1994; Reppert et al., 1994;

Figure 1. Le systeme photoneuroendocrine contrdle | a libération rythmi-

que de mélatonine. Chez les mammiféres, l'information lumineuse (alternance
jour / nuit) est percue par les photorécepteurs et les cellules ganglionnaires de
la rétine. Leurs axones projettent, via le tractus retino-hypothalamique (TRH),
vers les noyaux suprachiasmatiques de I'hypothalamus (SCN) ou siége I'horlo-
ge circadienne principale. A leur tour, et grace a un circuit nerveux complexe,
les SCN contrdlent le rythme de synthése de la mélatonine par la glande pinéa-
le (GP). Les SCN restreignent la libération de cette hormone a la phase noctur-
ne, de fagon a ce que la durée de sa présence dans le sang et le cerveau varie
avec la photopériode : en été, la photopériode longue (PL) est associée a une

Reppert et al., 1995; Barrett et al.,
2003; Witt-Enderby et al., 2003).
Une troisiéme classe de site de
liaison de plus faible affinité, dite
MT3, a aussi été purifite et
correspond a la quinone réductase
2 (Nosjean et al., 2000; Nosjean et
al., 2001).

durée de libération courte, alors qu’en hiver, la photopériode courte (PC) est [ :
associée a un pic de mélatonine long (les barres jaunes et noires représentent de la mélatonine interprétent les

le jour et la nuit).

Les SCN sculptent le profil plasmatique circadien de
diverses hormones (Kalsbeek et al., 2006), en parti-
culier celui de la mélatonine qui est 'hormone coor-
dinatrice des fonctions saisonnieres. Sous pilotage
direct des SCN, la synthése de mélatonine se limite
aux périodes nocturnes, de telle maniére que sa du-
rée de libération varie directement avec la durée du
jour (autrement dit, la durée de libération s’accroit
avec les longues nuits de I'hiver...) (voir Figure 1)
(Simonneaux et al., 2002; Simonneaux & Ribelayga,
2003). Le profil de libération de la mélatonine fluctue
donc annuellement, et c’est précisément cette infor-
mation qui synchronise les fonctions physiologiques,
telles que la reproduction, avec la photopériode am-
biante. Alors que ce schéma est aujourd’hui bien
établi, ce sont les cibles et mécanismes cellulaires
décodant les signaux mélatoninergiques saisonniers
qui restent flous (Malpaux et al., 1999; Malpaux et

La maniere dont les cellules cibles

fluctuations photopériodiques de

son signal, puis les utilisent pour
induire des maodifications physiologiques, reste en-
core mystérieuse. Jusqu’a présent, aucun locus cé-
rébral entierement dédié au contréle des fonctions
saisonniéres n'a été caractérisé, a l'inverse de ce
gue représentent les SCN vis-a-vis des fonctions
circadiennes. Des études de lésion indiquent que le
temps saisonnier se mesure probablement dans dif-
férentes zones du cerveau, et I'on peut supposer
gu'au moins certaines d’entres-elles disposent de
sites de liaison a la mélatonine. Mais hormis les
SCN et la PT, les sites de liaisons semblent différer
de maniére trés importante entre les espéces
(Masson-Pevet & Gauer, 1994; Masson-Pevet et al.,
1994; Morgan et al., 1994; Morgan & Mercer, 1994).
Deux handicaps majeurs font obstacles a la caracté-
risation des récepteurs a la mélatonine : 1) hormis
pour la PT ou les niveaux d’expression sont plus

(Suite page 127)
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Chez I'Homme, en revanche, un anticorps recon-
(Suite de la page 126) naissant spécifiquement le récepteur MT1 a pu étre
importants (Klosen et al.,, 2002; Dardente et al., décrit et utilisé pour des études dimmuno-

Tableau 1. Principaux clusters photopériodigues.

Chaque cluster représente une zone anatomique ou un ou plusieurs genes sont exprimés différentiellement en fonction
de la photopériode chez les principaux modéles saisonniers mammiféres et aviaires : Caille japonaise (CJ), hamsters
Syrien (Syr) et Sibérien (Sib), mouton (M), souris (S), rat (R). Pour chaque gene, des especes chez lesquelles une
régulation photopériodique a été démontrée sont indiquées. Le numéro dans la colonne référence renvoie aux référen-
ces bibliographique correspondantes situées au bas du tableau.

Zone anatomique G’e'neg Espéce Réf.
photopériodiques
. -MT1 M, Syr, Sib 1
Pars tuberalis (PT) - TSHb M. S, CJ >
- TGFa CJ 3
- Dio2 CJ,M, R, S, Sib, Syr 4
Plancher du troisiéme ventricule / éminence | - Dio3 CJ, S, Sib 5
médiane (tanycytes) - Crbp1l Sib, Syr 6
- Gpr50 Sib 7
- Nestin Sib 7

Région périventriculaire médiane aux noyaux
hypothalamiques dorsomédians (DMH) - | - Rfrp/ GnIH CJ, M, Sib, Syr 8
[Oiseaux : noyaux paraventriculaires (PVN)]

. - Kissl M, Sib, Syr 9

Noyau arqué (Arc) -PC2 Sib y 10
Aire périventriculaire antéroventrale (AVPV) - Kiss1 Sib, Syr 11
- Crbp1 Sib, Syr 6

- Crabp2 Sib 6

Région postérieure dorso-médiane du noyau | ~ Rar(s) S!b 6
- - RXRg Sib 6
arque (dmpAvrc) - H3R Sib, Syr 12
- VGF Sib, Syr 12

- SOCS3 Sib 13

Plexus choroide - Transthyrétine Sib 14

Abréviations : Crabp2 : Cellular retinoic acid binding protein 2 ; Crbp1l : Cellular retinol binding protein-1 ; Dio2 : Déiodinase de type
2 ; Dio3 : Déiodinase de type 3 ; GnlH : Gonadotropin-inhibiting hormone ; Gpr50 : G protein-coupled receptor 50 ; H3R ; Recepteur a
I’histamine de type 3 ; MT1 : Récepteur a la mélatonine de type 1 ; PC2 ; Proprotein converting enzyme 2 ; Rar : Retinoic acid recep-
tor ; Rfrp : RFamide-related peptide ; RXR : Retinoid X receptor ; TGFa : transforming growth factor alpha; TSHb : sous-unité (3 de la
TSH ; VGF : Nerve growth factor inducible.

Références : (1) (Gauer et al., 1994; Recio et al., 1998a; Recio et al., 1998b; Piketty, 2001; Schuster et al., 2001) ; (2) (Hanon et al.,
2008; Nakao et al., 2008); (3) (Takagi et al., 2007) ; (4) (Yoshimura et al., 2003; Watanabe et al., 2004; Yasuo et al., 2005; Revel et
al., 2006b; Barrett et al., 2007; Watanabe et al., 2007; Yasuo et al., 2007a; Yasuo et al., 2007b; Hanon et al., 2008; Ono et al., 2008;
Yasuo et al., 2009) ; (5) (Yasuo et al., 2005; Barrett et al., 2007; Watanabe et al., 2007; Ono et al., 2008; Yasuo et al., 2009) ; (6)
(Ross et al., 2004) ; (7) (Barrett et al., 2006) ; (8) (Ubuka et al., 2005; Dardente et al., 2008; Revel et al., 2008; Smith et al., 2008) ; (9)
(Revel et al., 2006a; Caraty et al., 2007; Greives et al., 2007; Mason et al., 2007; Revel et al., 2007; Smith et al., 2007; Greives et al.,
2008; Wagner et al., 2008) ; (10) (Helwig et al., 2006) ; (11) (Revel et al., 2006a; Caraty et al., 2007; Greives et al., 2007; Mason et
al., 2007; Revel et al., 2007; Smith et al., 2007; Greives et al., 2008; Wagner et al., 2008) ; (12) (Barrett et al., 2005; Ross et al.,
2005) ; (13) (Tups et al., 2004; Tups et al., 2006) ; (14) (Prendergast et al., 2002).

2003), les récepteurs a la mélatonine sont exprimés localisation (Brydon et al., 1999; Savaskan et al.,
a de trés faibles niveaux, et I'utilisation de techni- 2001; Savaskan et al., 2002; Wu et al., 2006).

ques comme I'hybridation in-situ ne peut pas étre
envisagée ; 2) l'absence d'anticorps spécifiques
dont le développement, techniquement difficile, n'a
jamais été entierement satisfaisant pour les mode-
les saisonniers tels que le hamster ou le mouton. (Suite page 128)

Etablir ou et comment la mélatonine contrle les
fonctions saisonniéres n’est donc pas tache facile. A
'approche « classique », consistant a localiser les
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cibles de la mélatonine pour ensuite en comprendre
I'action, s’est récemment associée une autre straté-
gie, dite « inverse » (Figure 2). Celle-ci propose d'i-
dentifier les cellules dans lesquelles I'expression de
certains génes est influencée par la photopériode
(via la mélatonine), afin d’appréhender les processus
moléculaires gouvernant les fonctions saisonniéres
et, peut-étre, de rendre possible la localisation et le
phénotypage des cellules sensibles a la mélatonine
(Figure 2).

Photopériode
Mélatonine

Approche classique (Forward)

Sites ( o) } >

d'action? ‘

Approche inverse (Reverse)

Figure 2. Des stratégies complémentaires pour compr
photopériode et la mélatonine contrdlent les fonct

mélatonine.

Récemment, I'association de ces approches a per-
mis de gros progres dans le domaine de la physiolo-
gie saisonniére. Plusieurs génes régulés par la pho-
topériode et la mélatonine ont été identifiés dans
I'hypothalamus de différents modéles saisonniers,
mammiféres et oiseaux, certains jouant des roles
importants dans le contréle des fonctions métaboli-
ques (Morgan et al., 2006) ou de reproduction
(Revel et al., 2008; Revel et al., 2009) (Tableau 1).
En particulier, une évolution majeure a eu lieu dans
le domaine de la biologie de la reproduction, avec la
découverte et I'implication de la kisspeptine et du
récepteur GPR54 (ou KISS1R) dans le contréle de
lactivitt de I'axe hypothalamo-hypophysaire-
gonadique. Il s’agit sans doute de I'avancée la plus
importante dans ce domaine depuis la découverte

photopériodiques

Fonctions
saisonniéres

endre comment la
ions saisonniéres. S'il
est clair depuis plusieurs années que la mélatonine est indispensable pour le
bon fonctionnement des fonctions photopériodiques, les cibles et mécanismes
d’action de cette hormone sont restés obscurs. Pour résoudre cette énigme, : ; h !
deux types de stratégies existent. L’approche classique (ou Forward) a cherché Canismes moléculaires de la bio-
a localiser les récepteurs de la mélatonine, afin de démasquer les processus logie saisonniere, elles représen-
moléculaires opérant plus en aval, et comprendre comment cette hormone tent des pistes sérieuses pour
controle les fonctions saisonniéres. L'approche inverse (Reverse) se propose ['identification des structures ner-
d'identifier des neurones dans lesquels I'expression de génes est régulée par la yeyses cibles (directes ou indi-
photopériode (via la mélatonine), afin de comprendre les processus moléculaires rectes) de la mélatonine. Ces
opérant en amont (ou en aval), et de « remonter » jusqu’aux récepteurs de la

I
du GnRH il y a 30 ans (pour revue, voir Gianetti &
Seminara, 2008; Popa et al., 2008; Roa et al., 2009).
Les kisspeptines, peptides issus du gene Kissl, sont
de puissants sécrétagogues du GnRH par l'action
sur le récepteur GPR54. Des études récentes ont
établi que ce systéme Kiss1/GPR54 joue un rble clé
dans le développement de la puberté (Popa et al.,
2008). Les neurones qui expriment Kissl dans le
noyau arqué de I'hypothalamus sont aussi les princi-
paux médiateurs du rétrocontréle négatif des stéroi-
des sexuels sur la sécrétion de GnRH, et ceux qui
expriment Kissl dans le noyau
périventriculaire antéroventral
(AVPV) permettent la génération
du pic pré-ovulatoire de GnRH /
LH chez les rongeurs femelles.
Les neurones a Kissl sont au-
jourd’hui établis comme les prin-
cipaux intégrateurs des signaux
internes et environnementaux
régulant Il'axe reproducteur
(stéroides sexuels, facteurs mé-
taboliques, etc...). Nous avons
notamment démontré que le fonc-
tionnement du systéme kisspepti-
nérgique est aussi régulé par la
photopériode, via la mélatonine
(Revel et al., 2006a), pour contrb-
ler I'activité de I'axe sexuel sur un
plan saisonnier (pour revue, Re-
vel et al.,, 2007; Simonneaux et
al., 2008; Mikkelsen & Simon-
neaux, 2009; Revel et al., 2009).

Si toutes ces découvertes per-
mettent aujourd’hui d’avancer
dans la compréhension des mé-

Génes

génes sont exprimés dans diffé-
rentes aires du cerveau, suggé-
rant qu’'un réseau de structures cérébrales (Tableau
1) plutdt qu’'un seul centre nerveux assure la régula-
tion de la reproduction saisonniére. La mélatonine
agit-elle alors indépendamment sur chacune de ces
aires cérébrales ? Un ensemble de résultats trés
récents vient contester cette idée et bouleverser cer-
taines théories en places, suggérant que la mélatoni-
ne pourrait contréler tous ces centres photopériodi-
ques a distance. Voici donc quelques piéces du puz-
zle photopériodique qui se mettent place...

2. Une structure qui a plus dun tour dans
son sac : La pars tuberalis

Depuis longtemps, la PT est identifiée comme struc-

(Suite page 129)
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ture clé pour les rythmes saisonniers (Morgan,
2000; Dardente, 2007; Duncan, 2007). Elle posséde
de nombreux atouts : c’est la structure qui présente
la plus forte expression de récepteur MT1, elle ex-
prime divers « génes horloges », et module la sécré-
tion saisonniére de prolactine par I'adénohypophy-
se ; elle renferme méme un oscillateur circannuel
(Lincoln et al., 2006). Mais de nouveaux résultats
suggerent qu’elle contrélerait aussi les autres fonc-
tions saisonniéres, en relayant le message photopé-
riodique véhiculé par la mélatonine a d’autres struc-
tures hypothalamiques. Cette section résume les
différents travaux conduisant a cette nouvelle hypo-
thése.

2.1. Dio2 et Dio3 : Honneur aux cailles

Dans le cerveau, les déiodinases de type 2 et 3
(respectivement Dio2 et Dio3) sont les enzymes qui
régulent les concentrations locales d’hormones thy-
roidiennes T4 (thyroxine) et T3 (triiodothyronine).
Ces hormones sont sécrétées par
la glande thyroide, majoritairement
sous la forme T4, alors que T3 est
la forme bioactive. T3 est alors pro-
duite localement par déiodination
de I'anneau externe de la T4, réac-
tion catalysée par Dio2 dans le cer-
veau. A l'inverse, la déiodination de
'anneau interne de T4 ou T3 par la
Dio3 rendent ces molécules inacti-
ves. C'est ainsi qu'indépendam-
ment des niveaux d’hormones thy-
roidiennes circulants, I'action coor-
donnée de Dio2 et Dio3 permet un
ajustement local des concentrations
en T3 et T4 (Bianco et al., 2002;
Lechan & Fekete, 2005). Depuis
longtemps déja, les hormones thy- -
roidiennes sont suspectées de participer au controle
des processus saisonniers (Karsch et al., 1995;
Dawson et al., 2001). Elles permettent par exemple
l'involution des gonades pendant la phase photoré-
fractaire chez les oiseaux et le mouton (Nicholls et
al., 1988; Moenter et al., 1991; Webster et al., 1991;
Dahl et al., 1995; Karsch et al., 1995; Dawson et al.,
2001). Mais depuis peu, I'implication de Dio2 et Dio3
dans le contréle de la reproduction saisonniére se
précise encore.

Chez la caille japonaise, organisme modele dans
I'étude des rythmes annuels, le passage d’'une pho-
topériode courte (PC) a une photopériode longue
(PL) stimule [lactivité de I'axe hypothalamo-
gonadotrope (Dawson et al.,, 2001; Yoshimura,
2006). Des travaux récents montrent que cette mo-
dification physiologique s’accompagne d'une aug-
mentation rapide de I'expression du géne de la
Dio2, dans I'hypothalamus médiobasal (Yoshimura
et al,, 2003; Yoshimura, 2006; Watanabe et al.,
2007), structure clé pour la mesure du temps photo-
|

périodique chez les oiseaux (Dawson et al., 2001;
Yoshimura, 2006). Peu de temps aprés, une diminu-
tion concomitante de I'expression du géne de la
Dio3 a été mise en évidence dans la méme structu-
re (Yasuo et al., 2005; Yoshimura, 2006; Watanabe
et al., 2007). Cette modulation coordonnée des ex-
pressions de Dio2 et Dio3 se traduit par des niveaux
hypothalamiques de T3 augmentés en PL et dimi-
nués en PC, alors méme que le taux plasmatique de
T4 reste inchangé (Yoshimura et al., 2003; Yoshi-
mura, 2006). Logiquement, une infusion centrale de
T3 chez des animaux maintenus en condition inhibi-
trice (PC) permis de mimer les effets de la PL sur la
croissance testiculaire (Yoshimura et al., 2003; Yos-
himura, 2006). Cet ensemble de données suggeére
ainsi que chez les oiseaux, le contréle de la conver-
sion photopériodique de T4 en T3 par Dio2/3 dans
I'hypothalamus médiobasal est une étape critique
pour la modulation saisonniére de I'activité sexuelle.

2.2. Dio2 et Dio3 : Aussi chez les mammifé-
res photopériodigues...

Chez les mammiferes saisonniers,
des variations photopériodiques
d’expression de Dio2 et Dio3 ont
aussi été observées. Chez les ron-
geurs, ces enzymes sont exprimeées
dans les tanycytes, cellules gliales
spécialisées logés dans la couche
de cellules épendymales du plan-
cher et des murs infra-latéraux du
troisieme ventricule, ainsi que dans
la zone acellulaire au dessus des
sulci tubero-infundibulaires (Tu et
al.,, 1997; Tu et al., 1999; Diano et
4 al., 2003; Lechan & Fekete, 2005).
. Plusieurs groupes de travail ont
observé des variations photopério-
diques d'expression des déiodina-
ses chez le hamster Syrien (ou
hamster doré) et le hamster Sibérien, deux modéles
établis pour I'étude des phénoménes photopériodi-
gues. Chez le hamster Syrien, I'expression de Dio2
est maximale en PL et diminue fortement en PC,
alors que 'ARNm de Dio3 n'est pas détecté chez
cette espéce (tout du moins dans cette zone céré-
brale), tant en PL qu'en PC (Revel et al., 2006b;
Barrett et al., 2007). Chez le hamster Sibérien, en
revanche, Dio3 est exprimé faiblement en PL et
augmente significativement en PC. Pour Dio2, le
niveau d'expression se maintiennent a des niveaux
relativement constants en PL et en PC, (Watanabe
et al., 2004; Barrett et al., 2007; Watanabe et al.,
2007). Chez les 2 espéces de hamster, les régula-
tions différentielles de Dio2/3 dépendent directe-
ment de la mélatonine, qui peut modifier I'expres-
sion de ces génes en trés peu de temps : moins de
7 jours d'injections journalieres de mélatonine inhi-
bent I'expression de Dio2 chez le hamster Syrien

(Suite page 130)
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(Revel et al., 2006b). Enfin chez le mouton, modéle
saisonnier dit de « jours courts » car sexuellement
actifs en PC, I'expression de Dio2 est aussi nette-
ment augmentée suite a un transfert de PC en PL
(Hanon et al., 2008). Chez les mammiféres saison-
niers comme chez la caille, la photopériode module
donc aussi I'expression de Dio2 et/ou Dio3 de ma-
niére coordonnée, contrélant ainsi la concentration
de T3 dans I'hypothalamus médiobasal.

2.3. Et « non-photopériodigues »..

L'expression photopériodique de Dio2 et Dio3 a en-
suite été examinée chez d’autres modeles. Chez le
rat Wistar de laboratoire, la transcription de Dio2
apparait insensible a la photopériode, tout comme
peut I'étre l'activité de reproduction (Revel et al.,
2006b; Yasuo et al., 2007a). En revanche, des tra-
vaux effectués sur la souche de rat Fischer F344
indiquent que I'expression de Dio2 et I'activité testi-
culaire sont toutes deux inhibées par la PC (Yasuo
et al., 2007a). De facon surprenante, des injections
journalieres de mélatonine seraient suffisantes pour
réduire les taux d’ARNm de Dio2, non seulement
chez les rats Fischer F344, mais aussi chez les rats
Wistar (Yasuo et al., 2007a). Cela signifierait que
chez les deux souches de rat, la concentration loca-
le de T3 peut étre modulée par la mélatonine via la
modification de I'expression de Dio2, mais qu'en
aval, les événements controlés par T3 different. Si
ces résultats sont confirmés, ils montreraient que le
rat pourrait étre utilisé plus largement pour l'investi-
gation des mécanismes d'action de la mélatonine,
ce qui présenterait certains avantages (génome en-
tierement séquencé, possibilités de manipulations
génétiques, cerveau de taille supérieure a celui des
hamsters).

Tout récemment, des résultats similaires ont été ob-
tenus chez la souris de laboratoire (Ono et al., 2008;
Yasuo et al., 2009). Ces rongeurs ne sont habituelle-
ment pas classés dans la liste des espéces saison-
niéres. Cela tient en partie au fait que la plupart des
souches de laboratoire ne montrent pas de signes
évidents de modifications saisonniéres
(reproduction, masse corporelle, etc) et ne produi-
sent pas (ou peu) de mélatonine, a cause d’une mu-
tation de I'enzyme arylalkylamine N-
acetyltransferase (AA-NAT) (Roseboom et al., 1998;
Simonneaux & Ribelayga, 2003). Chez la souche
CBA/N, qui produit de la mélatonine, il a toutefois
été montré que I'expression de Dio2 et Dio3 change
avec la photopériode (Ono et al., 2008): en PL, les
taux d’ARNm sont élevés pour Dio2 et réduits pour
Dio3, cette situation s’inversant en PC. En toute logi-
gue, cette réponse a la photopériode n’est pas ob-
servée chez la souche C57BI/6J, puisqu’elle ne pro-
duit pas de mélatonine. Malgré tout, et de fagcon inat-
tendue, elle a pu étre reproduite a I'aide d’'un proto-
cole d'injections journalieres de mélatonine exoge-
ne, la mélatonine inhibant I'expression de Dio2 et

I
augmentant celle de Dio3 (Ono et al., 2008). Certai-
nes souches de souris de laboratoire s’avérent donc
potentiellement capable d’encoder les informations
photopériodiques en réponses neuroendocrines au
niveau de I'hypothalamus médiobasal. Par ailleurs,
et contrairement a ce que I'on avait pu croire jusqu'’i-
ci, ces données suggerent que la souris représente
un modele tout a fait approprié pour I'étude des mé-
canismes moléculaires du photopériodisme chez les
mammiféres. Il s’agit d'un formidable progrés pour
ce domaine, qui souffrait du manque de modéle bio-
logique « classique », notamment pour les études
génétiques. La possibilité d'utiliser la souris comme
modéle photopériodique accélérera encore la com-
préhension des régulations neuroendocrines saison-
nieres.

2.4. Dio2 et Dio3 contrélent T3

Tout comme chez les oiseaux, les variations photo-
périodiques coordonnées d’expression de Dio2 et
Dio3 chez les mammiféres se traduisent par une
augmentation des niveaux locaux de T3 en PL, et
une diminution en PC. Or, I'implantation de capsules
de T3 dans I'hypothalamus médiobasal de hamsters
Sibériens placés en PC permet par ailleurs de ren-
verser certaines (mais pas toutes) des réponses
photopériodiques (Barrett et al., 2007). Les animaux
traités restent sexuellement actifs et ne perdent pas
de poids, au contraire des animaux contréles. La
régulation photopériodique de la mue, dont on sait
gu’elle est régulée au niveau de la PT, est en revan-
che inchangée, indiquant qu’elle est indépendante
de T3. De quelle maniére T3 affecte I'activité testicu-
laire et la régulation de la masse corporelle est dé-
sormais la question a éclaircir. On sait que les hor-
mones thyroidiennes jouent un réle dans le dévelop-
pement et la plasticité¢ du cerveau (Bernal, 2002;
Bianco et al., 2002; Lechan & Fekete, 2005), et il a
été proposé que les variations locales en T3 pour-
raient induire des modifications morphologiques des
pieds tanycytaires au niveau de I'éminence média-
ne, modifications qui permettraient de moduler la
libération de GnRH (Lee et al., 1995; Viguié et al.,
2001; Kameda et al., 2003; Yamamura et al., 2004;
Yamamura et al., 2006; Yoshimura, 2006).

2.5. La TSH entre dans la danse - Encore les
cailles

Une question reste en suspend : celle de savoir
comment la mélatonine pilote les variations d’ex-
pression de Dio2/3. Des données tres récentes sem-
blent déja apporter des éléments de réponse, et en-
core une fois, c’est la caille japonaise qui permet de
débloquer la situation. Chez ce modéle, le transfert
de PC en PL s’accompagne d’'une rapide augmenta-
tion de I'expression du gene codant la sous-unité 3
de la TSH (thyroid stimulating hormone) dans la PT
(Nakao et al., 2008). La sous-unité a étant égale-
ment synthétisée dans la PT, il est probable que de

(Suite page 131)
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A

W Rfrp

[ Dio2/3
[ Kiss1
W bTSH

Figure 3. Localisation des neurones exprimant les
principaux « genes photopériodiques » associés a la
reproduction saisonniére. A.  Schéma d'une coupe mé-
dio-sagittale d'un cerveau de rongeur. La double fleche
identifie la position rostro-caudale de la coupe coronale
présentée en B. B. Coupe coronale localisant I'hypothala-
mus (carré) et la pars tuberalis (PT ; trait rouge). C. Gros-
sissement de la zone hypothalamique, ou sont positionnés
les noyaux ventromédians (VMH) et dorsomédians (DMH),
le noyau arqué (Arc) et la PT. Des clusters photopériodi-
gues sont définis par I'expression de « genes sensibles a
la photopériode », dont certains sont essentiels au fonc-
tionnement de l'axe reproducteur : le gene codant les
RFRPs (RFamide-related peptides), exprimé dans des
petits groupes de neurones situés entre les DMH et les
VMH (points bleus) ; les génes codant les déiodinases de
types 2 et 3 (Dio2/3), exprimés dans les tanycytes situés
dans le plancher et les parois infra-latérales du troisieme
ventricule (3v) (zone en rose) ; le gene Kissl codant les
kisspeptines, exprimé dans I'Arc (zone orangée) et le
noyau périventriculaire antéroventral (AVPV, non localisé
ici) ; le géne codant la sous-unité beta de la TSH (Thyroid-
stimulating hormone ; b-TSH) est également exprimé de
fagon photopériodique dans la PT (violet), sous contrdle
direct de la mélatonine.

la TSH active soit alors formée localement. Nakao et
al. ont alors montré que celle-ci interagit avec le ré-
cepteur a la TSH présent dans les cellules épendy-
maires a la base du 3°™ ventricule, pour moduler
I'expression de plusieurs génes. Ainsi, une injection
centrale de TSH a des animaux en PC permet, de
facon dose-dépendante, de stimuler I'expression de
Dio2 et de réprimer celle de Dio3, mimant I'effet d’'un
transfert en PL. A linverse, une infusion centrale
d’anticorps anti-TSH a des cailles maintenues en PL
inhibe I'expression de Dio2. Enfin, un traitement pro-
longé (2 semaines) a la TSH d’'individus males en
PC suffit pour réactiver I'activité testiculaire (Nakao
et al., 2008).

Peu de temps aprés la publication de ces résultats,
des données similaires étaient rapportées chez le
mouton (Hanon et al., 2008): le transfert d’animaux
de PC en PL augmente la synthése de TSH dans les
cellules de la PT sensibles a la mélatonine ; a son
tour, la TSH stimulerait les cellules de I'hypothala-
mus mediobasal qui expriment de récepteur a la
TSH pour induire I'expression de Dio2, et donc pro-
bablement élever les taux locaux de T3.

Ces résultats chez la caille et le mouton sont remar-
qguables. lls indiquent que la pars tuberalis est un
locus bien plus important pour le contrdle de la sai-
sonnalité que nous l'avions pensé. Cette structure
contr6le non seulement la libération saisonniéeres de
prolactine par I'hnypophyse (Morgan, 2000; Dardente,
2007; Duncan, 2007), mais elle influence également
'expression de génes hypothalamiques importants
pour d'autres fonctions photopériodiques. Comme le
soulignent Hanon et al.,, ce systéme s’oppose au
modéle classique de Harris dans lequel I'hypothala-
mus contréle I'activité de I'hypophyse antérieure par
la libération de neuromédiateurs dans le systéme
porte hypophysaire. Ici, un signal plasmatique (la
mélatonine) est décodé par I'hypophyse (PT) pour
contréler la synthése photopériodique d’une hormo-
ne hypophysaire (la TSH, et peut-étre d'autres). A
son tour, la TSH agit localement dans I'hypothala-
mus, ou elle modifie la production de T3 dans les
tanycytes pour moduler les fonctions physiologiques
saisonnieres. Au moins 2 questions restent a éluci-
der : comment la mélatonine contrble-t-elle la sécré-
tion de TSH par la PT, et par quels mécanismes la
TSH transite-t-elle de I'hypophyse a I'’hypothala-
mus ?

2.6. Le récepteur a la mélatonine MT1 : le
retour

Dans un travail publié tres récemment, Yasuo et al.
ont examiné I'expression de Dio2 et Dio3 chez les
souris C3H, qui synthétisent de la mélatonine
(Yasuo et al., 2009). Alors que I'expression de Dio2
dans les tanycytes y est constamment faible, celle
de Dio3 est apparu augmenté en PC, rejoignant ain-
si les résultats obtenus précédemment chez les sou-
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ris CBA/N (Ono et al., 2008). Cependant, lorsque
cette expérience est réalisée avec des souris C3H
dont les récepteurs a la mélatonine MT1 sont invali-
dés (knock-out ; Liu et al., 1997), la régulation photo-

périodique de Dio2/3 disparait : les
niveaux d’ARNm de Dio2 sont
constitutivement élevés, ceux de
Dio3 sont constitutivement réduits
(Yasuo et al., 2009). En revanche,
ceci n'est pas le cas chez des sou-
ris dont le récepteur MT2 est invali-
dé (knock-out) (Jin et al., 2003), ou
I'expression de Dio2 et Dio3 en PC
est comparable a celle de souris
sauvages dans les mémes condi-
tions. Enfin, chez des souris dont
les récepteurs MT1 et MT2 sont
tous deux invalidés (double knock-
out; von Gall et al., 2002; Jin et al.,
2003), le phénotypes est compara-
ble a celui des souris mutantes
pour MT1. Enfin, si des injections
de mélatonine exogéne a des sou-
ris C57BIl/6J (dépourvues de méla-
tonine endogéene) en PL permettent
de moduler I'expression de Dio2 et
Dio3 (Ono et al., 2008), ces effets
sont abolis chez des ouris C57BI/6J
mutantes pour le récepteur MT1
(Yasuo et al., 2009). Dans leur glo-
balité, ces résultats indiquent donc
gue c’est par le récepteur MT1 que
la mélatonine régule I'expression de
Dio2 et Dio3 dans les tanycytes de
'hypothalamus médiobasal. Bien
gu’'une démonstration formelle soit
encore requise, on peut légitime-
ment supposer que les récepteurs
concernés se situent dans la PT.
Cette structure possedent la plus
grande concentration de récepteurs
MT1 (voir chapitre 1), d'ailleurs co-
localisés avec les cellules synthéti-
sant la TSH (Klosen et al., 2002).
Par ailleurs, ces données confir-
ment l'intérét de l'utilisation de la
souris comme modéle d’'étude pho-
topériodique, et notamment des
souris génétiguement modifiées.

3. Régulation photopériodigue
de |'expression génigue dans
l'hypothalamus

En 10 ans, la liste des génes
« photopériodiques » dans le cer-
veau des modeles saisonniers s’est
considérablement étoffée, essen-
tiellement grace aux progres des
techniques de criblages génétiques

I
Tous sont régulés par la mélatonine, directement ou
indirectement. Leur expression tend a se concentrer
dans un nombre restreint d’aires hypothalamiques,
constituant ainsi des « clusters photopériodi-
ques » (Figure 3). Le tableau 1 récapitule la réparti-
tion de ces clusters et leur contenu en génes photo-

| Axe HPG

Rfrp  pMH

Autres fonctionsé
5 l ST
7 Kiss1 Arc

Figure 4. Un réseau photopériodique contrdleraitle s fonctions saisonnie-
res depuis I'hypothalamus mediobasal et I'hypophyse . Sur ce schéma
sont représentés I'hypothalamus et I'hypophyse en coupe sagittale. Les neuro-
nes a GnRH (gonadotropin-releasing hormone) sont les effecteurs centraux
ultimes de l'axe reproducteur (axe HPG) : ils secretent de fagon pulsatile le
GnRH (points verts) dans les capillaires de I'’éminence médiane (ME)
(systéme porte hypothalamo-hypophysaire), lequel GnRH active la libération
des hormones gonadotropes par I'adéno-hypophyse (luteinizing hormone, LH ;
follicle-stimulating hormone, FSH). Mais comment la sécrétion de GnRH est-
elle modulée par les saisons ? Le profil de libération de la mélatonine (MEL),
variable avec la photopériode (voir Fig. 1), est décodé par les cellules de la
pars tuberalis (PT), grace aux récepteurs a la mélatonine de type MT1. Ces
cellules ajustent la synthese de la TSH (thyroid-stimulating hormone) en
conséquence, laquelle agirait de fagon « rétrograde » sur I'hypothalamus.
Dans les tanycytes, la TSH modifie I'expression des déiodinases de type de 2
et 3 (Dio2/3), qui ajustent localement la concentration en hormone thyroidien-
ne T3. T3 permet I'ajustement de la fonction de reproduction, mais il reste a
déterminer de quelle maniére (?). T3 pourrait agir directement sur les terminai-
sons nerveuses des neurones a GnRH pour moduler la libération de cette hor-
mone. T3 pourrait aussi agir sur I'expression de Kissl dans le noyau arqué
(Arc) et Rfrp au niveau du noyau dorsomédian (DMH), dont les expressions
dépendent aussi de la mélatonine. Ces deux géenes régulent I'activité des neu-
rones a GnRH, mais les modalités de cette régulation et les intégrations possi-
bles entre ces deux systémes restent a préciser (?). Enfin, de maniére tout a
fait hypothétique, T3 pourrait également réguler I'expression photopériodique
de génes dans la région postérieure dorso-médiane du noyau arqué (dmpArc ;
voir tableau 1), importante pour la régulation photopériodique du métabolisme
énergétique.
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périodiques identifiés a ce jour.

Ces diverses régions pourraient étre interconnec-
tées et définir un réseau nerveux complexe (Figure
3). Une question essentielle est alors de savoir si
tous les geénes sont régulés directement par la méla-
tonine, ou bien si certains d’entres eux seulement
sont capables de lire le message mélatoninergique,
influencant alors secondairement les fonctions sai-
sonniéres d’autres clusters. Point important, il sem-
ble exister de claires différences inter-spécifiques
quant a I'expression de certains génes photopériodi-
gues, non seulement entre « reproducteurs de jours
longs » et « reproducteurs de jours courts » (par
exemple), mais aussi entres des especes proches
telles que les hamsters Syriens et Sibériens (Ross et
al., 2004; Tups et al., 2006; Barrett et al., 2007). Ces
variations pourraient (ou non) étre corrélées avec
des différences phénotypiques observées en répon-
se a la photopériode (par exemple, nette diminution
de la masse corporelle en PC chez les hamsters
Sibériens, mais pas chez les hamsters Syriens), ou
avec des différences dans la répartition des récep-
teurs a la mélatonine. La physiologie comparative
sera donc un aspect important des futures études.

Toutefois, les résultats récents impliquant la PT
dans le contrdle de I'expression génique dans I'hy-
pothalamus médiobasal, via la TSH, permettent d'é-
chafauder un schéma attractif pour le contr6le des
fonctions saisonnieres par la mélatonine (Figure 4).
Le message photopériodique véhiculé par la mélato-
nine serait percu par les récepteurs MT1 de la PT,
ou il serait décodé pour moduler I'expression de la
TSH. Ce messager transmettrait, de maniére rétro-
grade par rapport aux schémas neuroendocrinologi-
ques classiques, un message photopériodique a
certaines cellules hypothalamiques, dont les tanycy-
tes logés dans le plancher du troisieme ventricule.
La, I'expression de Dio2 et Dio3 serait modifiée de
fagon coordonnée, afin de moduler la concentration
locale de T3. A son tour, T3 contrdlerait les fonctions
physiologiques saisonnieres, comme la reproduction
ou le métabolisme énergétique. On peut alors spé-
culer que T3 agirait sur les autres clusters photopé-
riodiques pour remplir cette fonction : effet dans le
noyau arqué pour ajuster Kissl, effet dans la région
périventriculaire médiane aux noyaux hypothalami-
que dorsomedians (DMH) pour contrdler Rfrp, effet
dans la région postérieure dorso-médiane du noyau
arqué (dmpArc) pour commander I'expression des
géenes métaboliques... Il est intéressant de noter que
tous ces clusters se situent a proximité du 3eme
ventricule, voie par laquelle T3 pourrait les atteindre
facilement. Des expériences a venir montreront si T3
ou la TSH posséedent un quelconque effet modula-
teur sur I'ensemble de ces génes photopériodiques
(par exemple Kiss1).

Dans ce modéle hypothétique, la PT constituerait un
point central d’intégration du message mélatoniner-

gique, nécessitant des relais supplémentaires (TSH,
T3...) avec les clusters photopériodiques contrdlant
les diverses fonctions saisonniéres, chacun des re-
lais pouvant constituer un niveau d'intégration indé-
pendant (observés par les effets photoréfractaires
par exemple). Enfin, il a été montré que la PT renfer-
me une horloge circannuelle (Lincoln et al., 2006).
Cette structure est donc idéalement située pour
contr6ler la physiologie des différentes fonctions sai-
sonniéres (via la TSH, T3, etc ?), en fonction d'un
temps donné par une horloge annuelle endogéne
(pour certaines espéces), coordonnée aux saisons
par la photopériode et la mélatonine.

Conclusion

La possibilité que la PT contrdle les autres fonctions
saisonnieres en relayant le message photopériodi-
gue véhiculé par la mélatonine aux clusters photopé-
riodiques de I'hypothalamus est séduisante. Bien
qgue de nombreuses expériences restent a mener
pour consolider cette hypothese, elle permettrait de
combler le vide existant entre le circuit photo-
neuroendocrine et la mélatonine d’'un coté, et la ré-
gulation des systémes physiologiques saisonniers
de l'autre, tels que la reproduction ou le métabolis-
me énergétique.
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Gronfier, J.-C. Leloup, M. Teboul
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Postdoctoral position

A postdoctoral position in chronobiology and sleep research is available in the laboratory of Dr. Ralph Mistl-
berger at the Department of Psychology, Simon Fraser University (Canada). NSERC and CIHR-funded pro-
jects concern the neurobiology of circadian rhythms and sleep in rodents, with a special focus on 1. regula-
tion of circadian rhythms by food and arousal state, and 2. interactions between circadian clocks and learn-
ing/memory systems. The successful candidate will have a doctorate in neuroscience or biological psychol-
ogy and training in some or all of the following techniques/approaches: circadian and/or sleep science, small
rodent handling and surgery, immunohistology and microscopy, bioluminescent imaging, EEG recording.
Motivation, initiative and creativity are highly desirable. The initial appointment will be for 2 years, renewable
for a third year. Simon Fraser University is located on top of Burnaby Mountain, overlooking Vancouver, BC
on Canada’s beautiful west coast. Application materials (research background, interests and a current CV
with contact information of at least three references) should be directed to Dr. Ralph Mistlberger
(mistlber@sfu.ca), Department of Psychology, Simon Fraser University, Burnaby BC V5A1S6.
I

Décembre 2009



11°™ Congrés de |‘European Biological Rhythms Society
22-28 aodt 2009, Strasbourg, France.

Résumés des communications (suite)

Communications affichées : premiére partie

TIPS Apg,
ey

Xl Congress of
‘the European Biolg

Strasbourg, France
August 22-28, 2009

In association with

the Japanese Society for Chrbnqhibldgy

1. CLOCK GENETICS, MOLECULAR MECHA-
NISMS, GENERATION AND SYNCHRONIZA-
TION OF CIRCADIAN RHYTHMS

Genetic deletion of clock genes Perl and Per2
does not lead to overt retinal degeneration

Ait-Hmyed 01,2, Normand G1, Bennis M2,
Hicks D1

1Dept. Neurobiol. Rhythms, CNRS UPR 3212, INCI,
Strasbourg;

2Dept Neuroscience, Laboratory of Pharmacology, Neu-
robiology and behaviour, UFR Biology and Health, Faculty
of Science, Marrakech, Morocco

Purpose: Many retinal activities are regulated by an en-
dogenous circadian clock. We thus examined the retinal
phenotype of clock gene knockout mice to search for pos-
sible modifications. Methods: In one series, eyes were
obtained from adult wild-type (BI/6), perl -/-, per2 -/-, and
perl-/-Iper2-/- mice, and fixed for sectioning. Eyes were
processed for conventional histology, or frozen sections
for immunohistochemistry using a battery of cell markers.
A second series of each mouse strain were adapted to a
standard 12h light/12 h dark cycle, one group was ex-
posed to intense white light, one group was killed 1h after
lights on (zeitgeber time 1, ZT1). Some retinas were taken

for western blotting. Results: Measures of cell density or
layer thickness were similar between all strains. Qualita-
tive images of rod (rhodopsin, transducin), cone (MW op-
sin, cone arrestin) and other retinal neuronal markers
were also similar between all samples. Immunoblotting of
rod and cone proteins showed no differences. Exposure to
intense light did not induce photoreceptor damage in any
strain. Finally, quantification of phagosomes showed equal
numbers in all strains. Conclusions: Deletion of either perl
or per2 or both genes does not lead to any obvious loss in
a given cell type, or affect retinal physiopathology.

Glucocorticoid receptors mediate the phase
resetting effects of adrenal steroids on pe-
ripheral clocks, rather than mineralocorticoid
receptors

Beesley S1, Farrow S3, Ray D2, Loudon Al

1Faculty of Life Sciences, University of Manchester. Man-
chester. England;

2Faculty of Medicine, University of Manchester. Man-
chester. England;

3Molecular Discovery Research (C.L.C.) GlaxoSmith-
Kline, Stevenage, Hertfordshire, UK

Purpose: To explore the action of glucocorticoids in the re-
setting of the circadian clock in mammals. Methods: Aga-
rose perfused lung sections were taken from the PER2:luc
mouse and treated with synthetic glucocorticoid dexa-
methasone (Dex), or corticosterone (Cort), to define a
phase response curve (PRC). Further lung sections and
Rat 1 cells were pre-treated with either glucocorticoid
(GR) or mineralocorticoid (MR) receptor antagonists, fol-
lowed by Cort. The actions of two novel GR specific ago-
nists (GSK), on circadian clocks, were also investigated.
Results: The pacemaker, in the mouse lung, shows a
type 0 PRC with no definable “dead zone”. The Gc in-
duced phase changes, in the lung, can be partially
blocked by a GR antagonist (30% reduction), but not by
an MR antagonist. However, in the Rat 1 cells this phase
change can be almost fully blocked (80% reduction) with
the GR antagonist and partially blocked with the MR an-
tagonist (50% reduction). The novel, highly selective, GR
agonists are more potent, and have no MR activity. Our
data show that both agonists can induce significant phase
changes, which can be partially blocked by a GR antago-
nist (60% reduction). Conclusion: Gcs have the potential
to induce significant phase changes on the peripheral cir-
cadian clock, in both ectopic lung slices and Rat 1 cell
models, but the role of GR and MR remained unclear.
Using pharmacological manipulation, our data suggests
that in the lung Gecs mediate their effect through the GR
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rather than the MR. Here we have provided novel insights
into the role of GR and MR in mediating Gc induced phase
re-setting of the peripheral circadian clock.

Involvement of novel bZIP transcription factors
in the zebrafish circadian clock

Ben-Moshe 71, Vatine G1, Foulkes NS2 Gothilf
Y1

1Department of Neurobiology, Faculty of Life Sciences,
Tel-Aviv University, Tel-Aviv, Israel;

2Institut fir Toxikologie und Genetik, Forschungszentrum
Karlsruhe, Germany

Purpose: Characterization of the PAR and E4BP4 bZIP
transcription factors in zebrafish, aiming to unravel their
mode of action in core clock regulation and entrainment.
Methods: Candidate members of the PAR subfamily and
E4BP4 factors were searched for in the zebrafish genome
based on their conserved domain sequences. 13 PAR and
E4BP4 factors, including 10 novel ones, were identified
and cloned, and their spatial and temporal expression
pattern was described throughout development and the
circadian cycle by whole mount in-situ hybridization. Light/
dark and constant dark regimes were applied in order to
detect rhythmic expression patterns and to determine
whether the expression is light-dependent or clock-
controlled. Results: Remarkably, the majority of these
factors displayed enhanced expression in the pineal gland
along with additional tissues such as the retina and differ-
ent cranial areas. Moreover, these factors exhibited vari-
ous expression profiles, including clock-controlled and
light-induced rhythmic patterns. For example, one novel
E4BP4 demonstrated rhythmic expression in the pineal
gland peaking at the end of the day (ZT10) in a light-
dependent manner. Another novel E4BP4 displayed a
light-induced rhythmic pattern in the pineal gland, with
maximum levels at the begging of the day (ZT2), gradually
decreasing to basal levels during the night. Two novel
PAR factors exhibited clock-controlled expression in the
pineal gland, interestingly, oscillating in almost opposite
phases. Conclusions: PAR and E4BP4 bZIP factors were
characterized in zebrafish in the context of the circadian
clock. Loss-of-function and gain-of-function experiments
are carried out to test whether these factors are involved
in the circadian clock machinery, mainly regarding its en-
trainment and feedback to the core oscillator.

Molecular circadian clock in the Antarctic krill
Euphausia superba

Bertolucci C1, Mazzotta GM2, De Pitta C3, Fri-
gato E1, Tosatto SCE2, Lanfranchi G3, Costa R2

1Dipartimento di Biologia ed Evoluzione, Universita degli
Studi di Ferrara, Ferrara, Italy;

2Dipartimento di Biologia;

3CRIBI Biotechnology Centre, Universita degli Studi di
Padova, Padova, Italy

Purpose: To perform the first characterization of the mo-
lecular circadian clock in the Antarctic krill Euphausia su-
perba. Methods: Antarctic krill were collected in the Ross
Sea during the XIX Italian Antarctic Expedition. Speci-
mens were obtained at different times of the day (01:00,
06:00, 10:00, 15:00, 18:00, 23:00), over a complete 24-

hour cycle. DNA, RNA and proteins extracted from differ-
ent tissues (head, abdomen, thoracopods and photopho-
res) were used to identify clock elements and to verify
their temporal expression. Results: We identified homo-
logues of Cryptochrome and Clock, two cardinal compo-
nents of the clockwork machinery. The full-length EsCry
cDNA-coding sequence consisted of a 1,638-bp ORF en-
coding a 545 aa sequence that contains pterin and FAD
binding domains. EsSCRY appeared to be an orthologue of
mammalian-like CRY’s and clusters phylogenetically with
the insect CRY2 subfamily. ESCRY showed the canonical
bipartite CRY structure, with a conserved N-terminal do-
main and a highly divergent C-terminus, that bears several
binding motifs, some of them shared with insect CRY2
and others peculiar for ESCRY. Partial EsCIk cDNA-
coding sequence contained a 1,113-bp ORF encoding a
371-amino acid protein. Like all other orthologues, EsCLK
had PAS and bHLH domains. Comparison of the predicted
aa sequence of EsCLK with other arthropod orthologues
indicated a high degree of sequence similarity (>75%). We
also evaluated the temporal expression of EsCry and
EsClk both at mMRNA and protein levels over a complete
24 h cycle. Results showed a temporal expression of cir-
cadian elements in central and peripheral tissues. Conclu-
sion: Our findings suggest the presence of an endogenous
time-keeping mechanism that might allow this organism to
synchronize its physiology and behaviour to the Antarctic
environmental regimes.

New Drosophila clock genes identified by tar-
geted expression of RNA/ transgenes

Bouleau B, Martin B, Andreazza S, Rouyer F

Institut de Neurobiologie Alfred Fessard, Centre National
de la Recherche Scientifique, UPR 2216, Gif-sur-Yvette,
France

Purpose: Characterization of two new clock genes, identi-
fied by targeted expression of RNAI transgenes. Methods:
A behavioral screen using RNAIi expression targeted in the
PDF-expressing clock neurons (Gal4-UAS system) was
done in Drosophila. Locomotor activity rhythms were
monitored in constant darkness. Candidate lines were
behaviorally re-tested and positive were submitted to a
molecular analysis of clock proteins cycling in brain clock
neurons (immunocytofluorescence microscopy) or in head
extracts with a relevant Gal4 driver (Western blots). Re-
sults: About 3500 genes have been tested so far and 16
RNAI lines were still positive after two behavioral tests.
Results about two lines showing a strong behavioral phe-
notype are presented here. The first RNAI targets a gene
encoding the USP5 ubiquitin protease and induces a
strong lengthening of the behavioral period (> 30h). Mo-
lecular analysis reveals a degradation delay for CLOCK,
TIM and most particulary for PER in head extracts, as well
as a lengthening of the PER and TIM cycling period in
PDF neurons. The second RNAI targets a gene encoding
the Zelda transcription factor, and also induces a length-
ening of the behavioral period (28h). zelda RNAI induces a
decrease of CLOCK, PER and TIM protein levels in clock
neurons. However, decreasing Zelda levels still affects
PER oscillations in the absence of per transcriptional con-
trol, suggesting that Zelda does not act only as a per tran-
scriptional activator. Conclusion: USP5 and Zelda are two
new regulators of the Drosophila circadian oscillator.

(Suite page 139)

Décembre 2009




139

(Suite de la page 138)
Characterisation of novel, candidate phase re-
setting genes

Brand K1, Tamanini F1, Bonnefont X1, Worley
PF2, Perin MS3, van der Spek PJ4, Drinkenburg
WHIM5, Hoeijmakers JHJ1, van der Horst GTJ1

1Dept. of Genetics, Erasmus University Medical Center,
Rotterdam, The Netherlands;

2Dept. of Neurosci., John Hopkins University School of
Medicine, Baltimore, USA;

3Dept. of Neurosci., Cleveland Clinic Foundation, Cleve-
land, USA;

4Dept. of Bioinformatics, Erasmus University Medical
Center, Rotterdam, The Netherlands;

5Janssen Pharmaceutica N.V., Beerse, Belgium

Purpose: To identify novel candidate genes during phase
resetting in the central circadian pace-maker by global
transcription profiling of dorsal, ventral and central SCN
sub-regions after a phase advance stimulus. Methods:
C57BL/6J mice were kept in constant darkness for 7 days
before receiving a light or sham treatment at CT22. Brains
collected 3.5 hours after a light pulse were cryosectioned
and SCN sub-regions isolated using laser micro-
dissection. RNA was purified, amplified, labeled and hy-
bridized to Affymetrix 430-2.0 arrays. Array data was inter-
rogated for differential gene expression using a linear
mixed effect model. Differentially expressed genes were
assessed for significant over or under-representation of
associated Gene Ontology terms. Results: We find light
induced genes Perl, Per2 and fos in ventral SCN as well
as GO terms ‘circadian' and 'rhythmic process' in dorsal
SCN indicating our technical approach is sound. The GO
term 'memory' specifically associates with central SCN
suggesting novel processes hitherto not associated with
the SCN. Furthermore, we identified several genes up-
regulated upon light stimulus with known functions modu-
lating synaptic efficacy. Neuronal pentraxin-1 (Nptx1), was
selected for further characterization. Interestingly, Nptx-1
knockout mice do not phase advance after a light pulse at
CT22. Conclusions: We present novel transcription pro-
files in SCN sub-regions after a phase advancing light
stimulus, leading us to hypothesize that clock resetting
after a phase advance light stimulus involves synaptic
remodeling. Characterization of mice deficient in Nptx1l
and other candidate genes support his hypothesis.

Ontogeny of Clock, Period 1 and aanat-2 ex-
pression in rainbow trout embryos reared under
a natural photocycle or continuous illumination

Davie Al, Vera LM1,2, Sanchez JA2, Sanchez-
Vazquez FJ2, Migaud H1

linstitute of Aquaculture, University of Stirling, Stirling,
UK,

2Faculty of Biology, Department of Physiology, University
of Murcia, Murcia, Spain

Purpose: To characterise the ontogeny of expression of
genes central to clock cycling (Clock and Period 1) and
melatonin synthesis (aanat-2) in the rainbow trout On-
corhynchus mykiss. Methods: Rainbow trout embryos
were maintained at constant temperature, from fertilisa-
tion, under either a 12h:12h Light:Dark photocycle or con-
tinuous illumination (LL) until hatch. Clock, Period 1 and

aanat-2 expression, measured every 4 hours over 24 hour
periods, was measured by gRT-PCR at fertilisation, 60,
150, 300 and 420C.days (post hatch). Results: Both the
clock genes (Clock and Period 1) and aanat-2 were ac-
tively expressed in rainbow trout embryos. Period 1
MRNA expression cycled under both 12:12 and LL condi-
tions with expression peaking at ZT 02:00 under the 12:12
photoperiod while the same cycling expression under LL
appeared to be dampened and phase advanced by ap-
proximately 4 hours. Clock mRNA expression is arrhyth-
mic under both photic conditions. Aanat-2 mRNA abun-
dance showed a diel cycle elevating in the night under the
12:12 photoperiod while no such similar cycling was ap-
parent under the LL treatment. Conclusions: This is the
first functional demonstration of clock rhythms in rainbow
trout embryos and as such it highlights a number of inter-
esting possibilities. Period 1 cycling appears before the
development of classical photoreceptors suggesting this
cycling is initiated either by as yet unidentified photorecep-
tors or is passed to the oocyte via maternal mMRNA. How-
ever the mismatch in period 1 expression between photic
conditions adds further weight to the suggestion that uni-
dentified photoreceptor mechanisms are in operation.
There are striking similarities in the present results to
those demonstrated in zebrafish suggesting conservation
of the function of clock rhythms in teleost embryos.

Role of the Rev-erba gene in the clockwork of
food anticipation

Delezie J, Mendoza J, Gourmelen S, Pévet P,
Challet E

Department of Neurobiology of Rhythms, Institute of Cel-
lular and Integrative Neurosciences, Centre National de la
Recherche Scientifique UPR3212, University of Stras-
bourg, Strasbourg, France

Introduction: When food is restricted to a temporal window
during the day, rodents develop food-anticipatory activity
(FAA) of different behavioural and physiological parame-
ters. FAA has been proposed to be controlled by a cir-
cadian food-entrainable oscillator (FEO), whose anatomi-
cal localization and molecular clockwork are still unknown.
Purpose: To evaluate the role of the orphan nuclear re-
ceptor Rev-erba gene in the expression of FAA. Methods:
Rev-erba mutant mice (+/-: heterozygous, -/-: homozy-
gous) and their control littermates (+/+: wild-type) were
maintained on a 12-12 light-dark cycle, with food available
ad libitum (AL), except during the period of restricted feed-
ing (RF). During the RF condition, all mice had access to
food during 6 h, from Zeitgeber Time 6 (ZT6, 6h after
lights on) to ZT12 (lights off). To assess FAA, wheel-
running behavior, general activity and body temperature
were recorded. Results: In AL condition, no significant
difference in the total amount of locomotor activity was
found between the three genotypes. In RF condition, +/+
and +/- mice exhibited a strong FAA 1 h before mealtime
(from ZT5 to ZT6),as shown by an increase of wheel-
running activity as well as general activity. In contrast, -/-
mice showed a significant reduction of both wheel-running
and general activities. The rise of body temperature antici-
pating mealtime was also reduced in -/- mice. Conclusion:
These results suggest that the Rev-erba gene may be a
component of the clockwork of the FEO. The implication
of Rev-erba not only in food anticipation but also in other
feeding and metabolic processes should be considered.
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Entrainment elicits period after-effects in
Neurospora crassa

Diegmann J, Madeti C, Stiick A, Merrow M, Ro-
enneberg T

Institute for Medical Psychology, Department Chronobiol-
ogy, LMU Munich, Munich, Germany

Purpose: Circadian clocks entrain to zeitgebers by syn-
chronising their intrinsic period with the period of the en-
training signal. In constant conditions, the circadian clock
is capable of sustaining an intrinsic period (?) with remark-
able stability. In addition to entraining the circadian clock,
zeitgebers such as light cycles generate changes in ?, so-
called after effects of entrainment. These effects have
been previously reported for other model systems, e.g., for
the mollusk Bulla gouldiana, rodents, and for human cell
culture. However, after-effects in the fungus Neurospora
crassa have not been reported so far. Methods: The Neu-
rospora wildtype strain (bdA) was subjected to different T-
cycles and photoperiods; the long period mutant frq7A was
also subjected to different photoperiods. ? was assessed
after release to constant darkness. Results: We found
significant period changes as after-effects to prior entrain-
ment compared to experiments without prior entrainment.
For the wild type strain (bdA), ? was significantly length-
ened, while it was slightly shortened for the long period
mutant frq7A. Conclusion: Entrainment induces substantial
period after-effects in Neurospora crassa, indicating that a
multi-oscillatory network generates circadian oscillations at
the molecular level.

Comparison of the locomotor activity rhythm of
two sympatric Amphipod species from Bizerte
lagoon (Northern of Tunisia)

Djelassi R, Nasri-Ammar K

Research unit “Animal Biology and Systematic Evolution-
ary”, Faculty of Science of Tunis, University campus of
Tunis El Manar | 2092, Tunis, Tunisia.

Purpose: The locomotor activity rhythm of two sympatric
species of Amphipods living in the banks of Bizerte lagoon
was studied under an aperiodic regimen: continuous light
(LL). Materials and methods: Specimens belonging to the
two species, Orchestia montagui (N = 14) and Orchestia
gammarella (N=15), freshly collected during July, were
put, at the laboratory, in actographs equipped with an in-
frared recording system and then they were placed in a
climatic chamber. The experience was carried out on adult
individuals, isolated during 13 days. Results: Periodo-
gramm analysis showed that the circadian rhythmicity of
Orchestia montagui and Orchestia gammarella individuals
tested in summer was respectively equal to 100% and
76.9%. Whereas their circatidal rhythmicity was respec-
tively equal to 46.6% and to 46.1%. In addition, actograms
as well as the waveform indicated that Orchestia montagui
activity was strictly unimodal and that of Orchestia gam-
marella was rather uni, bi and multimodal. The various
circadian and circatidal period, determined, for these two
species, by the two types of analyses, periodogramm and
MESA, were appreciably equal. In addition, the study of
the mean activity times calculated for the two species
showed that the individuals of Orchestia montagui were
statistically more active (aLL= 9h07 + 1h30) than those of

I
Orchestia gammarella (aLL = 5h53 + 1h28). Conclusion:
locomotor activity rhythm studied under continuous light
was more stable for O. montagui (SNRLL = 0.837 + 0.215)
than for O. gammarella (SNRLL = 0.655 + 0.266).

Does the master clock gene TOCI, function as
a frue response regulator in the picoeucaryote
Ostreococcus tauri?

Djouani E, Arzul S, Semler-Collery C, Motta JP,
Sanchez F, Bouget FY, Corellou F
Equipe «circadian clock and cell cycle in Ostreococcus»

CNRS - UPMC, FRE 3247, Observatoire Océanologique,
Banyuls/mer, France

Purpose: to study TOC1 phosphorylation, and its potential
regulation by two component system in Ostreococcus
tauri. Methods: The circadian clock has been extensively
studied in the green lineage using Arabidopsis thaliana,
leading to the identification of most of known plant clock
genes. A 3-loops model accounts best for the central oscil-
lator function. Green microalgae are alternative simple
unicellular systems to study green clock architecture. We
have developed the picoeukaryote Ostreococcus tauri,
(Prasinophyceae) as a new model system by implement-
ing molecular tools, including luciferase reporter strategy,
overexpression (ox) and antisense (as) technologies to
study gene function. Results: Orthologues of Arabidopsis
master-clock genes TOCL1 (timing of CAB expression 1)
and CCA1 (circadian clock associated-1) were shown to
be central clock components in Ostreococcus. Unlike
higher plants TOC1 proteins, which belong to pseudo-
response regulator family, Ostreococcus tauri TOC1 dis-
plays the conserved phosphate acceptor aspartyl residue
found in receiver domain of true response regulators (RR).
Overexpression of non-phosphorylatable TOC1 (D?N)
abolished circadian rhythms of CCAl:Luc used as a re-
porter gene. RR phosphorylation is generally established
by a phosphate transfer from histidine kinase to RR witch
could involve a phosphorelay (HPt) in an intermediate
step. Only two histidines kinases (HKs) HK1 and HK2
were identified in silico in O.tauri. HK2 has a (Light Oxy-
gen Voltage) LOV domain, whereas HK1 exhibits a bacte-
riorhodopsin-like domain. HK1 and the only HPt displays a
constant protein level under constant light, while HK2 pro-
tein peaks in the late afternoon and is under circadian con-
trol. Conclusion: Further environmental cues are tested to
precise the function of TOC1 phosphorylation and a mass
spectrometric approach will be used to analyse TOC1
phosphorylation status under circadian entrainment. The
involvement of HKs in the regulation of TOC1 using -ox
and -as strategy, as well as the characterisation of their
chromophore binding domain has been undertaken.

Rat retina explants show rhythmic expression
of clock genes and clock output genes in con-
stant conditions

do Carmo-Buonfiglio C1, Bonneau A2, Malan
A2, Sandu C2, Cipolla-Neto J1, Hicks D2, Felder-
Schmittbuhl MP2

1Department of Physiology and Biophysics, Institute of
Biomedical Sciences, University of Sdo Paulo, Sdo Paulo,
SP, Brazil,

2Département Neurobiologie des Rythmes, Institut des
Neurosciences Cellulaires et Intégratives, UPR3212
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CNRS, Université de Strasbourg, Strasbourg, France

Purpose: to demonstrate the presence of a circadian clock
in the retina by evaluating rhythmicity in expression of
clock genes and clock output genes in explants main-
tained for a few days in darkness. Methods: retinas were
dissected from Wistar rats housed under a daily LD12/12
cycle and put in culture around ZT12 on semi-permeable
membranes (photoreceptors down), with Neurobasal-A
medium containing 2% B27 and 2mM L-Glutamine. Ex-
plants were collected every 4h (3 retinas per time point)
over 3 days and frozen at -80C. Total RNA was ex-
tracted, quantified and reverse transcribed. Gene expres-
sion was assessed by real time PCR using the TagMan
technology. PCR results were analysed with the qBase
software by using beta-actin and pde6b as normalizing
genes, followed by statistical analysis of relative mRNA
amounts to evaluate the fit of sine-wave regressions. Re-
sults: Rhythmic expression was found for most of the
clock genes and for downstream targets from the clock.
Phases were calculated between the clock genes and
showed small differences. Conclusion: Our work shows
for the first time the free-running expression profile of
clock genes and potential clock targets in mammalian
retinal explants, in constant conditions. It further strength-
ens the notion that the retina contains a robust, self-
sustained oscillator.

A Cullin-3-based E3 ubiguitin ligase is involved
in the drosophila circadian clock

Dognon A, Grima B, Chélot E, Rouyer F

Institut de Neurobiologie Alfred Fessard, CNRS UPR2216,
Gif-sur-Yvette, France

Purpose: Identification and characterization of a new E3
ubiquitin ligase complex involved in the regulation of clock
proteins. Methods: Locomotor activity was recorded in
constant darkness after entrainment with light-dark cycles.
Fly heads were collected every 3 hours in DD and protein
extracts were analyzed by Western blots. Fly brains were
dissected every 4 hours in DD and clock protein cycling in
the clock neurons was analyzed by immunofluorescence.
Results: In Drosophila, the control of PER and TIM cycling
depends on their phosphorylation, which involves several
kinases and phosphatases. Two F-box-containing ubig-
uitin ligases have been shown to target the proteasome-
dependent degradation of PER and TIM in the absence of
light (SImb) and the light-induced degradation of TIM (Jet),
by the proteasome. Here, we reveal a new pathway in-
volved in the light-independent degradation of TIM, which
relies on a Cullin-3-based E3 ubiquitin ligase complex.
Deregulation of Cul3 in the clock neurons induces a loss
of behavioral rhythmicity and of PER/TIM cycling in DD.
Expression of a dominant-negative form of Cullin-3 leads
to a persistence of phosphorylated TIM in head extracts.
Conclusions: We identified a new E3 ubiquitin ligase com-
plex involved in the control of Drosophila clock proteins
cycling, which acts on the circadian control of TIM degra-
dation.

Using lentivirus for restoration of function in
the central nervous system of Per mutant mice
Feillet CA, Albrecht U

Division of Biochemistry, University of Fribourg, Switzer-
land

Purpose: Develop a tool suitable for local, stable and long-
term expression of a clock protein in the central nervous
system of mice mutant for a designated clock gene. Meth-
ods: lentiviral vectors (derived from the HIV virus, devoid
of pathogen elements) can infect non dividing cells and
insert their genome in host's cells DNA. When bearing a
gene of interest, those constructs can elicit a sustained,
long term expression of the transgene in an area limited to
the surroundings of the site of injection in the brain of an
adult rat. Here we adapted this technique initially devel-
oped in rats to mice. To validate our tool, we aim at stably
transfecting the SCN of Perl/Per2 double mutant mice
with a lentivirus expressing the Per2 sequence. Consider-
ing that Perl/Per2 mutant mice are arrhythmic in constant
darkness (DD), upon stable infection, a restoration of a
rhythmic pattern of locomotor activity in DD should be
observed, which will be assessed by wheel running activ-
ity. Results: The Per2 gene has been cloned into the
transfer vector of the lentivirus construct (pLVPT-rt-TR-
KRAB-2SM2). High titers of vector stocks have been pro-
duced as well as a control virus expressing GFP under the
control of the same promoter. The obtained infecting solu-
tions were injected stereotaxicaly into the SCN of Perl/
Per2 double mutant mice. Lentiviruses expressing GFP
stably transfects cells in the vicinity of the site of injection.
Also, they do not alter behaviour in Perl/Per2 double mu-
tant mice compared to sham operated animals. PER2-
expressing viruses are currently being injected in those
animals. Conclusions: Lentiviral constructs are new suit-
able tools for local expression of a protein in the central
nervous system of mice. Using this tool in mutant mice will
provide new insights in the importance of a gene when
present only in one area of the brain.

Zeitlasser - a novel component of the Neuro-
spora circadian clock

Godel M1, Madeti C2, Lenssen D2, Diegmann
J1, Merrow M2, Roenneberg T1

1Centre for Chronobiology, LMU, Munich, Germany;

2Biologisch Zentrum, Rijksuniversiteit Groningen, Haren,
The Netherlands

Purpose: To characterise novel clock components in the
fungus Neurospora crassa specifically those regarding
temperature entrainment. Methods: The mutant zls (for
German: zeitlasser) was generated in an insertion
mutagenesis assay using a resistance gene (bar2) against
a fungicide. We tested for a clock phenotype applying a
frequency de-multiplication protocol of short temperature
cycles (6h 20C, 6h 28C in DD). Experiments determi n-
ing the circadian behaviour on the physiological level
where carried out in race tubes. The protein expression
patterns in time series experiments where measured with
SELDI-TOF. The gene responsible for the zls- phenotype
is being identified by mapping with cleaved amplified poly-
morphic sequence (CAPS) markers and sequencing
(Illumina GAll). Results: In comparison to the original zls+
strain, bdA, zls displays a delay of 15 h in the phase of
entrainment in short temperature cycles. This entrainment
behaviour depends systematically on the various struc-
tures of the applied symmetrical temperature cycles: the
amplitude (0.5 to 4C), the length, T and the order of tem-
peratures (low/high or high/low). Protein expression levels
reflect this mutated behaviour on the molecular level. The
free running period of zls is not perfectly temperature
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compensated (Q10 [bdA] = 1,1; Q10 [zIs] = 1,6). In con-
trast to its drastic phenotype in the temperature de-
multiplication protocol, the mutant shows only a slight de-
lay (" 1h) in standard L:D conditions. It appears, however,
more sensitive in skeleton photoperiod protocols (L:D
1:10:1:12 or L:D 1:12:1:10): While the mutant entrains with
choosing the longer dark period as subjective night, bdA
cannot be entrained by these conditions. Mapping identi-
fied a single mutation in linkage group | of the genome.
Conclusions: The demonstrated circadian features prove
zls as a completely novel component of the Neurospora
clock system.

Contribution of ROS- and RASGEF-mediated
signaling to the control of circadian rhythm in
Neurospora crassa

Gyongyosi N, Sandor AP, Kéi K, Kaldi K

Laboratory of Chronophysiology, Departement of Physiol-
ogy, Semmelweis University, Budapest, Hungary

Purpose: In the transcriptional-translational negative feed-
back loop of the circadian clock of Neuropsora crassa the
positive element White Collar Complex promotes expres-
sion of Frequency which in turn, inhibits the activity of the
positive element. Reactive oxygen species (ROS) are
known to contribute to signaling pathways and were
shown to affect the circadian clock in different organisms.
The generally used band strain of Neurospora displays
robust conidiation rhythm on minimal medium whereas
rhythmic conidia formation of wt requires addition of ROS
generator to the medium. band was recently determined to
be a point mutation in ras-1. Aim of our study was to ana-
lyze the interaction of the RAS- and ROS-responsive sig-
naling pathways controlling the circadian rhythm. Methods:
Conidiation rhythm was monitored by using race tube as-
say. Expression of clock and clock controlled genes was
quantified by quantitative real time PCR. Immunoblot
analysis was performed to follow protein expression and
phosphorylation. RAS activity assay was applied to com-
pare RASGEF activities of the strains. Results: ROS gen-
eration affects dose-dependently the phase of the conidia-
tion under light-dark conditions and ROS-pulses induce
transcription of clock genes. Effect of ROS on the cir-
cadian output is attenuated in a mutant strain deleted for a
RASGEF homologue. Rasgef expression shows a low
amplitude rhythm. Conclusions: ROS affect both input and
output pathways of the circadian clock and under en-
trained conditions determine the phase of conidiation.
RASGEF is a component of the circadian output and acts
synergistically with ROS in the control of the conidiation
rhythm.

Circadian clock proteins modulate 6R transacti-
vation properties at multiple control levels in
murine fibroblasts

Han DH1, Lee YJ1, Chung S2, Kim K2, Cho S1

1Department of Life and Nanopharmaceutical Science &
Department of Physiology, Kyung Hee University College
of Medicine;

2Department of Biological Sciences, Seoul National Uni-
versity, Seoul, Korea

Purpose: To investigate the effects of molecular clock pro-
teins on the GR transactivation properties. Methods: NIH-
3T3 cells, clock/clock mutant, pers KO, crys KO and bmall

KO MEFs were transiently transfected with simple GRE
reporter (GREtkLUC) and the effects of circadian clock
proteins overexpression/deficiency on the maximal trans-
activation (Amax) and efficacy (EC50) of GRE-dependent
transactivation by DEX were analyzed. Also, GR and vari-
ous GR regulators (coactivators, corepressors and co-
modulators) expression levels were measured by quantita-
tive real-time PCR in wild-type and clock genes-deficient
MEFs. Results: We found that PER1, CRY1, and PER1/
CRY1 combination reduces Amax, but not EC50, in a dose
-dependent manner, while BMAL1 or CLOCK/BMAL1
combination significantly affects both parameters. CLOCK
expression alone shows no effect. On the contrary, GR
overexpression does not affect E-box-dependent transacti-
vation by CLOCK/BMAL1, while strongly affecting Amax
and EC50 of GRE-dependent transactivation. GR and
various GR regulators expression levels are differentially
affected in functional clock proteins-deficient MEFs. Con-
clusions: These results clearly indicate that circadian clock
proteins modulate GR transactivation properties at multiple
control levels in murine fibroblasts.

Heritable circadian period length in a wild bird
population

Helm B1, Visser ME2
1Max Planck Institute for Ornithology, Andechs, Germany;

2Netherlands Institute of Ecology (NIOO-KNAW), ZG
Heteren, The Netherlands

Purpose: The evolutionary ecology of circadian clocks is
poorly understood. Experimental and association studies
suggest that concordance of the free-running period (? )
with the ambient light-dark cycle has major advantages for
fitness and health. ? of wild-derived animals would there-
fore be expected to be close to 24 h, and heritable varia-
tion in ? should be counteracted by stabilizing selection.
Methods: We addressed the evolutionary malleability of ?
in a wild population of a widespread, diurnal songbird, the
Great tit (Parus major). We examined 98 birds under con-
stant dim light for variation in ? that originated from 20
broods and were raised in captivity. Family relations were
known, and paternity was assessed by molecular meth-
ods. Results: Overall, ? was significantly shorter than 24 h.
We found that there was ample variation and that ? was
highly heritable. Four broods contained young that were
fathered by the male that tended the nest as well as young
that originated from extra-pair matings. Young from extra-
pair matings had a much shorter ? than their half-siblings
from within-pair matings. Conclusions: We thereby demon-
strate that variation is not depleted by stabilizing selection,
and that period length is potentially malleable by micro-
evolution. The data from extra-pair matings suggest that
sexual selection could contribute to maintenance of varia-
tion in circadian clocks and to selection for short period
length.

Dexamethasone resets the circadian oscillation
of Bmall via ROR-response elements

Ikeda M1,2, Kumagai M1,2, Nakajima Y3

1Molecular Clock Project, Research Center for Genomic
Medicine, Saitama Medical University, Hidaka, Saitama,
Japan;

2Department of Physiology, Saitama Medical University,
Moroyama, Saitama, Japan;
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3Cell Dynamics, Cell Engineering, AIST, Ikeda, Osaka,
Japan

Purpose: A single exposure of fibroblast cultures to a glu-
cocorticoid agonist resets rhythmic cells, but not asyn-
chronous cells, to a common circadian phase, and resets
the circadian expression of clock genes. It has been sug-
gested that the presence of glucocorticoid response ele-
ments (GRES) in the regulatory regions of core clock com-
ponents is a likely mechanism for the resetting of the cir-
cadian expression of these components by glucocorti-
coids. However, the molecular mechanism that accounts
for the resetting of the circadian clock remains to be eluci-
dated. Methods: This study explores the underlying
mechanism of the resetting of the circadian phase in cul-
tured fibroblast cells by gulucocorticoid by means of a
promoter analysis of clock genes. Results: The luciferase
reporter assay showed that dexamethasone (DEX) en-
hanced Bmall promoter activity in a dose-dependent
manner. In addition, the glucocorticoid antagonist
mifepristone attenuated the enhancement caused by
DEX. Real-time monitoring of the Bmall promoter activity
in NIH3T3 cells revealed that application of DEX modu-
lated the activity and circadian oscillation of the promoter.
Mutation of a putative GRE in the mouse Bmall promoter
minimized the effect of DEX stimulation on Bmall tran-
scription. By contrast, mutation of two ROR alpha binding
sites (ROR-RE) located upstream from the transcription
start site of the Bmall gene essentially abolished the in-
duction of the promoter activity. Deletion of one of the
ROR-REs in the Bmall promoter attenuated the response
to DEX treatment on the first day of the real-time analysis
of promoter activity. Conclusions: These results indicate
that DEX regulates the resetting of Bmall expression
mainly via ROR-RE, and not via GRE.

Entrainment of KaiC phosphorylation rhythm by
ratfo fluctuation among Kai proteins

Ito H1, Nakajima M2, Kondo T3

1Academic Production, Ochanomizu University, Tokyo,
Japan;
2L aboratory for Systems Biology, RIKEN CDB, Kobe,
Japan;
3Division of Biological Science, Graduate School of Sci-
ence, Nagoya University, Nagoya, Japan

Purpose: To elucidate the relationship between the ratios
among Kai proteins and period of the KaiC phosphoryla-
tion rhythm. Methods: We employed in vitro KaiC phos-
phorylation system we previously reported (Nakajima et
al. Science 2005). The concentration of recombinant Kai
proteins was altered (Standard condition; 1.2 ?M KaiA,
3.5 ?M KaiB, 3.5 ?M KaiC) and we observed phosphory-
lation rhythm and its period. Result: We found that distinc-
tive characteristics of KaiA and KaiB in determining period
of KaiC phosphorylation rhythm. There was a definite
concentration of KaiA and KaiB where the stable oscilla-
tion could be observed. The period was sensitive to the
concentration of KaiA, but not to that of KaiB. Based on
the experimental results, we examined the possibility of
entrainment by periodic modulation of Kai proteins ratio. It
was known that the ratio of Kai protein amounts circa-
dianly oscillated under light conditions and the oscillation
totally disappeared in dark conditions (Tomita et al. Sci-
ence 2005). These facts means the period of KaiC phos-

phorylation rhythm under LL conditions could not be kept
constant due to the oscillation of accumulation levels of
KaiB and KaiC in a cell. Otherwise, under DD conditions
the period of Kai oscillator is constant. These distinctive
phase progression between light and dark conditions
could make it possible to entrain the circadian clock to the
external LD cycle. To validate whether this idea enables
entrainment, we formulated a behavior of KaiC phos-
phorylation rhythm under light and dark conditions and
checked the entrainability. Conclusions: Period of KaiC
phosphorylation rhythm depends on the ratio among Kai
proteins. It could contribute to entrainment of cyanobacte-
rial clock to external LD cycles.

Circadian rhythm of the antioxidant compo-
nents in the photosynthetic plant, Spinacia

Kiyota M, Murofushi A

Department of Food Science and Nutrition, Sagami
Women'’s University, Kanagawa, Japan

Purpose: To analyze, from the perspective of food prod-
ucts and nutritional science, circadian rhythm variation of
the antioxidant components of spinach, Spinacia oleracea
L. cultivated in two different environments-soil culture and
hydroponics. Methods: The seeds of spinach, Spinacia
oleracea L. were cultivated in a growth room at constant
temperature, either 20C or 25C, and 50% relative hu-
midity. The spinach was germinated under LD 12:12 at a
luminance of either 30 or 20 klux at the soil surface. Hy-
droponic spinach was also cultivated with LED light
source having different light quality. Fresh leaves were
extracted with 90% methanol for measurement of total
phenol contents. An aqueous solution containing meta-
phosphoric acid (5%) was used for determination of vita-
min C contents. The total phenol contents were measured
by colorimetric methods. The vitamin C, oxalic acid and
nitric acid contents were determined by HPLC. Results:
There were considerable differences in the components
contents depending on the position of leaves in the plant
as well as the segment within a leaf. Therefore, the vita-
min C contents changed markedly with growth stage as
well as with aging within the same leaf. Moreover, a cir-
cadian rhythm of the vitamin C content was found in the
cut into three segments of leaf blades, respective seg-
ments. The entrainment rhythm shows a maximum
around subjective midday. The rhythm persisted with a
period of 24 to 26 h under the free-running condition (LL)
examined and was entrained to 24 h light-dark cycles
(LD) [1]. Conclusions: As a result, various circadian
rhythm variations were discovered in the components of
spinach grown in different environments (soil culture and
hydroponics), and thus a relationship was found between
variation in vegetable components and time. By clarifying
the mechanism of antioxidant components, as was done
in this work, we can expect a further increase in the effec-
tiveness of vegetables, and a more abundant dietary life.

[1] Kiyota M. et al. (2005) J. Photochem. Photobiol. B; Biol. 84:197-
203

Neuroendocrine control of reproductive activity
in a bivalve mollusc Perna perna: Impact of
pollution

Klouche MS1, Benomar S1, Lakhdar-Ghazal
N1, Moukrim A2, Idardare Z2

1Laboratory of biological rhythms and Environment, Fac-
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ulty of science University Mohammed V Agdal Rabat,
Morocco;

2Laboratory of water and environment, Faculty of Sci-
ences, University Ibn Zohr, Agadir Morocco

Purpose: To evaluate the impact of pollution on the regu-
lation of reproduction by studying the effect of cerebroid
ganglia via neurosecretory cells on the sexual cycle, of
P.perna, during an annual cycle. Methods: Studies per-
formed in 3 populations of the Atlantic coast: the first
taken as a control is developed in an unpolluted site. The
two others are collected from areas contaminated with
domestic and industrial wastewater. The histology of go-
nads identified the sexual cycle of P. p., and defines the
periods of spawning release. The immunocytological ap-
proach against anti-LHRH a marked variation in the num-
ber of neurosecretory cells, depending on specific periods
of gonadal activity. Biomarkers (AChE, CAT, GST, and
MDA) were measured in P. p., to assess the degree of
pollution in each station. Results: The latter occurs in 3
periods during the cycle in Reference Site. Where as
among populations in the polluted sites, spawning takes
place in 2 periods. Reproduction in polluted sites is dis-
rupted, either through gametogenesis longer. The quanti-
tative development of neurosecretory cells is correlated
with the stages of sexual cycle. During the stages of
maturation of gametes, it feels significantly, where as dur-
ing the laying or sexual rest this number decreases. In
area contaminated with domestic releases, this number is
relatively less important compared to the other sites. In all
sites, biomarkers show a seasonal cycle correlated to
sexual cycle, and a significant site effect between the
sites. The results show also that the reference site reveals
a form of contamination. Conclusions: Pollution Disrupts
the cycle of sexual P.p. by reducing the number of nesting
and changes the length of the wave’s gametogenetics.
Pollution reduces the number of CNS containing the
GnRH-like site in the very contaminated site.

Screening for polymorphisms in the Aanat gene
and association with diurnal preference

Koike BDV1, Pereira DS1, Tufik S1, Pedrazzoli
M2

1Department of Psychobiology, Universidade Federal de
Sao Paulo, Brazil,

2Department of Gerontology, Universidade de S&o
Paulo, Brazil

Purpose: To perform a screening of the Aanat gene to
identify which polymorphisms are present in Brazilian
sample and seek associations with diurnal preference.
Methods: Individuals with extreme diurnal preference
were selected according Horne-Ostberg questionnaire
scores. DNAs are amplified by Polymerase Chain Reac-
tion and analyzed in Denaturing High Performance Liquid
Chromatography (DHPLC). Segregated association tests
for each SNP or haplotypes blocks were performed. Re-
sults: A total of six polymorphisms were found. Two still
not reported in data bank or in the literature. All polymor-
phisms in the Aanat gene found in this sample, except by
one, presented very low frequencies, which maximum
frequency 9%. The only one which is found more often,
the rs4238989 is localized in the promoter region. This
polymorphism is a Single Nucleotide Polymorphism
(SNP), a C to G change in the position -263. A -263G

I
allele is more present in evening preference volunteers.
Conclusions: We observed that, except by one SNP in the
promoter region, the frequency of variation of these SNPs
in the AANAT gene are extremely low which indicate that
it is very much conserved. The SNP C-263G in the pro-
moter region is associated with extreme diurnal prefer-
ence. The polymorphism in the promoter region may have
an important role in the rate of transcription of Aanat.

Molecular characterization of phosphorylation
mechanism of CRYZ at Ser557

Kurabayashi N, Hirota T, Fukada Y

Department of Biophysics and Biochemistry, Graduate
School of Science, University of Tokyo, Japan

Purpose: To identify the protein kinase responsible for
CRY2 Ser557-phosphorylation, which allows secondary
phosphorylation at Ser553 by GSK-3? and leads to pro-
teasomal degradation of CRY2. Methods: To investigate
the phosphorylation level of CRY2 at Ser557, antibodies
specific to the Ser557-phosphorylated form of CRY2 were
generated. By using the antibody, we developed an assay
detecting the Ser557-phosphorylating activity in combina-
tion with a recombinant substrate GST-CRY2. Results:
We previously found that CRY2 is phosphorylated at
Ser557 by ERK in vitro. However, neither activation nor
inhibition of the ERK pathway altered the phosphorylation
state of CRY2 Ser557 in cultured cells, suggesting that
protein kinase(s) other than ERK contributes to Ser557-
phosphorylation of CRY2 in vivo. To search for Ser557-
kinase, we first examined subcellular localization of
Ser557-phosphorylating activity in the mouse liver and
found that the cytosolic fraction retained a larger propor-
tion (81%) of the activities. DEAE column chromatography
of the cytosolic fraction yielded three peak activities of
Ser557-phosphorylation, among which we found one
peak was devoid of active-ERK. The Ser557-kinase activ-
ity in the peak fraction was characterized by performing
the in vitro kinase assay in the presence of various kinase
inhibitors. Many drugs including the inhibitor of CK1, p38,
PKA, PKC, PKG, and CaMKIl had no significant inhibitory
effect on the Ser557-kinase activity. On the other hand, a
marked inhibition was observed with a drug that is known
to inhibit CK2. However, recombinant CK2 hardly cata-
lyzed Serb557-phosphorylation of GST-CRY2 in vi-
tro.Conclusions: Our research corroborates the presence
of Ser557-kinase activity other than ERK, and the activity
was inhibited by a CK2 inhibitor. However, CK2 hardly
phosphorylated GST-CRY2 at Ser557 in vitro, suggesting
that other kinase sensitive to the CK2 inhibitor is responsi-
ble for the Ser557-phosphorylation.

A new mutation affecting rhythmicity in both
FRQ-less and FRQ-sufficient Neurospora

Lakin-Thomas PL1, Li S2, Motavaze K1
1Dept. of Biology, York University, Toronto, ON, Canada;

2Dept. of Molecular, Cellular and Developmental Biology,
Yale University, New Haven, CT, USA

Purpose: To identify components of the oscillator that
drives rhythmicity in FRQ-less strains of Neurospora
crassa. Methods: Although a FRQ/WCC oscillator is said
to be central to the circadian system in Neurospora,
rhythms can be seen under some circumstances in FRQ-
less (knockout) strains such as frql0. These rhythms are
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said to be driven by a FRQ-less oscillator separate from
FRQ/WCC. In the chol-1 strain, the period of the conidia-
tion rhythm lengthens on low choline, and the long-period
rhythms continue in a chol-1 frg10 strain. We have previ-
ously reported that frgl and wc-2 mutations significantly
affect rhythmicity in chol-1, and prd-1 and prd-2 mutations
significantly affect rhythmicity in both chol-1 frql10 and
chol-1 frg+, demonstrating connections between rhythms
in FRQ-less and FRQ-sufficient strains. To identify addi-
tional genes affecting the FRQ-less rhythm, we
mutagenized chol-1 frql0 spores with UV light, selected
colonies with altered rhythmicity, and identified a new ar-
rhythmic mutation, named UV90. Results: Conidiation is
arrhythmic or strongly damped in all UV90 strains, both
chol-1 and chol+, and both frq10 and frg+. UV90 in-
creases the phase-resetting response to both light and
heat pulses in the damped chol+ frg+ strain, suggesting a
decrease in the amplitude of the oscillator. Levels of FRQ
protein are very low in UV90 frg+, consistent with a de-
crease in amplitude. UV90 therefore appears to be re-
quired for sustained, high-amplitude rhythms in both FRQ-
less and FRQ-sufficient strains, demonstrating again that
these rhythms are interdependent and may be driven by
the same oscillator. The UV90 gene does not map near
any known clock-affecting mutations. Conclusions: These
results support a model of the Neurospora circadian sys-
tem in which a single FRQ-less oscillator drives conidia-
tion rhythms, and FRQ/WCC stabilizes amplitude and
period and contributes to environmental input.

Identification of a HECT E3 ubiguitin ligase in
the Drosophila circadian clock

Lamaze A, Lamouroux A, Rouyer F

Institut de Neurobiologie Alfred Fessard, CNRS UPR2216,
Gif-sur-Yvette, France

Purpose: Identification of a circadian role of TRIP12-like, a
HECT ES3 ubiquitin ligase. Methods: For all the experi-
ments, flies were entrained in LD 12:12 cycles and ana-
lyzed in LD and DD conditions. Behavior was analyzed in
activity monitors. Clock proteins cycling was tested in lar-
val and adult brains and by Western blot analysis of head
extracts. mMRNA cycling was analyzed by quantitative RT-
PCR on head extracts. Results: We identified two enhan-
cer trap P-Gal4 insertions that are located in the same
gene and showed strong expression in the PDF-
expressing ventral lateral neurons (LNv). The target gene
trip12-like is homologous to the human trip12 (Thyroid
Interacting Receptor 12) gene, which encodes a putative
HECT E3 ubiquitin ligase. Reducing trip12-like expression
by targeted RNAI expression strongly lengthens the be-
havioral period as well as PER/TIM protein oscillations in
the LNv. CLOCK protein levels are increased in the brain
of RNAi-expressing flies and mutant larvae. In head ex-
tracts, CLOCK levels are increased in a per-independent
manner and per/tim mRNA levels are accordingly higher.
Surprisingly, TRIP12-like thus seems to increase CLK
transcriptional activity and delay PER/TIM protein oscilla-
tions

Changes in circadian activity induced by the
presence of sexual hormones in male crayfish:
A mathematical model

Lara-Aparicio M1, Barriga-Montoya C2, Fuentes
-Pardo B2

1Departamento de Matematicas, Facultad de Ciencias,
Universidad Nacional Autbnoma de México;

2Departamento de Fisiologia, Facultad de Medicina, Uni-
versidad Nacional Autonoma de México, México

Purpose: To demonstrate that in the ERG circadian
rhythm of crayfish Procambarus clarkii underlies ultradian
activity which reappears as the consequence of some
external disturbance. Methods: The ERG of an adult, male
crayfish was recorded during 12 consecutive days. In the
5th day of recording, either an adult female crayfish or an
ecdysterone (a sexual hormone) solution was introduced
in the bath during 20 min. The experiment continued, at
least, 5 days more. Results: After the presence of a fe-
male crayfish or an ecdysterone solution, the ERG cir-
cadian rhythm of the male crayfish shows an irreversible
disturbance in amplitude, frequency and excitation level.
The analysis of these results by time series shows a short-
ening in the length of the circadian period as well as the
presence of ultradian periods of about 16, 12, 6 and 3 h
superimposed on the circadian oscillation. These results
let us to include a third oscillator in the mathematical
model we have previously proposed to describe the gen-
eration of ERG circadian rhythm. This implies that the new
model includes three main oscillators: two of them for de-
scribing the ERG rhythm and the third one to explain the
presence (many times masked) of ultradian activity surged
as a consequence of external disturbances. Conclusions:
Our experimental work and its mathematical modeling let
to propose that ultradian and circadian rhythms coexist
and that together take part in the organization of the clock
machinery in the crayfish.

Supported by DGPA IN200207 grant

Circadian expression of permethrin-resistant
genes in Aedes aegypti

Lee HJ, LiuY
Dept. Entomology, National Taiwan University, Taiwan

Purpose: To understand the relationships among cir-
cadian clock, detoxification enzyme and permethrin- resis-
tant in mosquito Aedes aegypti. Methods: Use bioassay to
measure the fluctuation of resistance against permethrin
under LD condition. One of the resistant genes, cyto-
chrome P450 (CYP9M9), was selected to monitor its de-
toxification effects during LD and DD conditions. To link
the circadian clock with CYP9M9, RNAI technique against
period gene was employed to investigate the diminishing
circadian expression of CYP9M9. Results: the 50% knock
down time (KT50) under lighting condition was signifi-
cantly longer than that of dark condition in both susceptive
and permethrin-resistant strains. This phenomenon im-
plied the circadian control underlying the expression of the
resistant gene. One of the detoxification genes (CYP9M9)
expressed in fluctuation within one day which showed
high level of expression during day time. RNA interfer-
ence against period was employed to disrupt the circadian
clock, and the expression of CYP9M9 lost fluctuation and
kept at low level. Conclusions: The expression of perme-
thrin-resistant gene (CYP9M9) is down regulated by clock
genes.

The Neurospora circadian clock and functional
genomics for discovery of new clock genes in
both mating types
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Lenssen D1, Madeti Jyothi C2, Olmedo M1, Ro-
enneberg T2, Merrow M1

1Biological Centre, University of Groningen, Haren, The
Netherlands;

2Centre for Chronobiology, Institute of Medical Psychol-
ogy, Medical Faculty,Ludwig-Maximilians-Universitat,
Goethestrasse 31, Munich, Germany

Purpose: Many lines of evidence suggest that there are
additional clock genes that remain to be discovered in
Neurospora crassa. Methods: We have used a candidate
gene approach: proteins coding for putative photorecep-
tors, some of them containing PAS domains, were identi-
fied by searching the Neurospora genome sequence. We
obtained knockout mutants (some of these from the Neu-
rospora Genome Project) and screened them in a variety
of protocols for circadian rhythm and entrainment. Results:
In addition to WC-1 and VVD, PHYI, PHYII and CRY all
play a role in the Neurospora circadian clock. Surprisingly,
we find differences in both entrained phase and free run-
ning period that map to near the mating type locus; the
different mating types are essentially different chrono-
types. The most extreme phenotype in our study is the cry
phyll matA strain, which is completely arrhythmic under all
conditions tested. This strain is not light blind but the kinet-
ics of light-induced gene expression are abnormal. Con-
clusions: We show that chronotype in Neurospora is mat-
ing type dependent and -so far- all photoreceptors that we
have assayed, have effects on chronotype.

Synchronise watches! Possible mechanism of
communication between neurons and astrocytes
in the suprachiasmatic nucleus of Phodopus
sungorus

Lipokatic-Takacs E, Steinlechner S

Institute of Zoology, University of Veterinary Medicine
Hannover, Germany

Purpose: How do neurons and astrocytes in the SCN com-
municate and what is the role of astrocytes in the synchro-
nisation of individual daily rhythms of single neurons?
Methods: The SCN were removed from postnatal (P21-
P28) Dsungarian hamsters (Phodopus sungorus), the tis-
sue was prepared for cell-culturing and cells were culti-
vated on fibronectin-coated coverslips. Immuncytochemis-
try was performed for GFAP, NeuN, Perl, Connexin43,
mGIuR5 and IPR3. Single-labelling as well as double-
labelling were carried out. Calcium-lImaging of the cell-
cultures is still in progress. Results: The immuncytochem-
istry revealed a positive staining for Perl, NeuN, IPR3 and
Connexin43 in Neurons. In astrocytes a positive staining
for GFAP, Perl, IPR3 and Connexin43 was recorded. The
results of the Anti-mGluR5-staining as well the results of
the calcium-imaging have to be evaluated. Conclusions:
With regard to previous studies and according to present
results we favour the following mechanism of communica-
tion between neurons and astrocytes in the SCN: The
release of Glutamat may increase the Ca2+ levels in neu-
rons and astrocytes by activation of the metabotrophic
glutamate receptor mGlu5. Glutamat stimulates the forma-
tion of inositoltrisphosphatate (IP3) which acts on the IP3
receptor (IPR3) to release Ca2+ from the endoplasmic
reticulum. These elevated Ca2+ levels induce the gene
transcription of clock genes in the nucleus via calmodulin
kinase and phosphorilation of CREB and additionally the

I
release of glutamate. Furthermore neurons and astrocytes
are connected by gap junctions and thus they communi-
cate via generated IP3 which passes the gap junctions
and probably causes a Ca2+ elevation in the adjacent cell.
In this way neurons and astrocytes could communicate
and synchronise their transcription of clock genes by using
Ca2+-waves. This hypothesis has to be confirmed by the
still missing results from the calcium-imaging.

Aging and circadian system in zebrafish

Lopez Patifio MAL, 2, Yu L1, Zhdanova IV1

1Department of Anatomy and Neurobiology, Boston Uni-
versity School of Medicine, Boston, MA, USA;

2Department of Functional Biology and Health Sciences,
School of Biology, Vigo University, Vigo (Pontevedra),
Spain.

Purpose: To study age-related changes in brain melatonin
content and expression of core circadian genes in a diur-
nal vertebrate, zebrafish (Danio rerio). Methods: Brain
melatonin content was assessed using radio immunoas-
say in samples collected at daytime (ZT1 and 13) and
night time (ZT16, 19, and 22) in young (1 year old) and
aged (4 years old) zebrafish, maintained in 14L:10D pho-
toperiod. The circadian patterns of mRNA abundance for
core clock genes (bmall, clockl, perl), and melatonin
receptors (mellal and mellc) were measured in zebrafish
eyes (and, in part, in brain tissue), using real-time quanti-
tative RT-PCR. Samples were collected at 2-4 h intervals
(ZT5, 7, 11, 15, 19, 23 and 3) in young and aged zebraf-
ish. Results: The night time melatonin production showed
age-dependent decline, leading to reduced daily amplitude
of melatonin rhythm. The daily variation in mRNA levels
for clock genes was present in both young and aged ze-
brafish. In young zebrafish, the peak time for gene expres-
sion was: ZT11 for bmall, ZT15 for clockl, and ZT23 for
perl. An age-dependent reduction in mRNA expression
was found for bmall and perl, and this was associated
with phase delay in bmall peak in aged animals. No sig-
nificant age effects were found for either mellal or mellc
expression. Conclusions: In zebrafish, melatonin produc-
tion but not the expression of melatonin receptors declines
with age. Aging also leads to reduced amplitude of mMRNA
expression for at least some core clock genes in zebrafish.
Understanding the circadian aging in this genetically well
characterized vertebrate, with diurnal lifestyle being similar
to that in humans, provides new opportunities to address
the role of circadian factors in aging. This might help in
developing adequate prophylactic or treatment strategies
to known age-dependent changes in the circadian system
in humans.

Restricted feeding entrains rhythms of inflam-
mation-related factors without promoting an
acute phase response

Luna-Moreno D1, Aguilar-Roblero R2, Diaz-
Mufioz M1
1Departamento de Neurobiologia Celular y Molecular,

Instituto de Neurobiologia, Campus UNAM-Juriquilla,
Querétaro;

2Departamento de Neurociencias, Instituto de Fisiologia
Celular, Ciudad de México, Universidad Nacional Auténo-
ma de México, México
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Purpose: To explore if an acute phase response (APR) or
a pro-inflammatory state occurs during the FEO expres-
sion. First, levels of circulating cytokines were compared
in rats under food restriction and rats treated with lipopoly-
sacharide. Second, we characterized the influence of FEO
expression on the diurnal variations of circulating cyto-
kines and APR-proteins. Third, we tested if the feeding
condition (22-h fasting and 2-h re-feeding) influences
these parameters. Fourth, we explored measuring NF-?B
if a cellular stress was established in the liver during with
the FEO expression. Methods: Food access from 12:00 to
14:00 h for 3 weeks. Circulating levels of inflammation
markers such as interleukin-1? (IL-17?), interleukin-6 (IL-6),
tumor necrosis factor-? (TNF?) were determined by
ELISA, and C-reactive protein and fibrinogen (APR-
proteins) by agglutination assay and colorimetric method,
respectively. Metabolic stress in the liver was established
by immunohistochemical localization of NF-?B. Results:
During FEO expression: 1) no APR was implemented; 2)
food restriction modified the rhythmic 24-h fluctuations of
IL-1?, IL-6, TNF-?, and fibrinogen; 3) 22-h fasting in-
creased the level of most of the parameters tested, but
this effect was not observed during FEO expression; 4)
food restriction produced a significant peak in NF-?B sig-
nal in the liver, including its nuclear translocation. Conclu-
sions: The stress condition associated with FEO expres-
sion is not sufficient to induce an APR, but it could be re-
lated to a local cellular stress response within the liver.

Circadian expression of the clock genes Perl,
Per2, Per3 and Clock in sole Solea senegalensis

Martin-Robles AJ1,2, Mufioz-Cueto JA1, Whit-
more D3, Pendén C2

1Departamento de Biologia, Universidad de Cadiz, Espa-
fa;
2L aboratorio de Bioquimica y Biologia Molecular, Univer-
sidad de Cadiz, Espaiia;

3Department of Anatomy and Developmental Biology,
UCL, London, UK

Purpose: To clone and analyze the tissue and daily ex-
pression of the clock genes Perl, Per2, Per3 and Clock
from Senegalese sole, a nocturnal flatfish species of inter-
est in aquaculture. Methods: Adult sole specimens main-
tained at 19°C under natural photoperiod were used. Total
RNA from retina was extracted and reverse transcribed to
cDNA. PCR amplifications were performed with degener-
ated primers for the first partial cloning of Perl, Per2, Per3
and Clock. Full length Per3 cDNA was obtained by RACE
using specific primers. Tissue expression pattern was
determined by RT-PCR in neural and peripheral tissues.
Quantitative real time PCR analysis was carried out in
optic tectum, diencephalon, retina, liver and gonads sam-
pled every 4h using B-actin and Rps4 as reference genes.
Results: The full length Per3 cDNA contains a 3804bp
ORF encoding 1268aa. Partial Perl, Per2 and Clock se-
quences obtained were 0.7, 2.1 and 0.6kb respectively.
Predicted proteins analysis revealed the presence of a
PAS domain in PER2, PER3 and CLOCK as well as a
CLD domain in PER2 and PER3. Perl, Per3 and Clock
expression was detected in all examinated tissues. qPCR
expression analysis shows rhythmic daily profile of Perl,
Per3 in retina, liver and optic tectum, Per2 in diencepha-
lon and optic tectum, and Clock in retina and liver. The
expression of the four genes in gonads did not show a

rhythmic profile. Perl, Per3 and Clock display an inverted
rhythm in retina and liver. Conclusions: We have isolated
Per3 cDNA and partial Perl, Per2 and Clock cDNAs from
Solea senegalensis. Daily expression studies of these
genes indicate a clear circadian profile, showing an in-
verted rhythm in retina and liver. Our results reinforce the
role of clock genes in the generation of rhythms in sole
and suggest the existence of different synchronizers in
this species.

The circadian variations in the anorexic ef-
fects of serotonin are related to the rhythmic
expression of 5-HT1B receptors

Matos RJB1, Orozco-Solis R1, Lopes-de-Souza
S2, Kaeffer B1, Manhaes-de-Castro R2, Bolafios-
Jimenez F1

1INRA, UMR1280 Physiologie des Adaptations Nutrition-
nelles, Nantes, France;

2Universidade Federal de Pernambuco, Recife-PE, Brazil

Purpose: Central serotonergic activity shows pronounced
circadian rhythmicity with higher serotonin (5-HT) release
during the nocturnal phase of the light/dark cycle. In rela-
tion to feeding behavior, the anorexic effects of 5-HT are
stronger at the onset of the dark cycle which corresponds
to the active period of the free feeding rat. Serotonin inhib-
its food ingestion through 5-HT1B and 5-HT2C receptors
located in different hypothalamic nuclei. We aimed to de-
termine if the expression of these serotonin receptors in
the hypothalamus is submitted to circadian control and if
there is any link between diurnal receptor mRNA changes
and diurnal rhythms in 5-HT1B and/or 5-HT2C receptor-
mediated effects on food intake. Methods: The anorexi-
genic effects of, respectively, the selective 5-HT1B and 5-
HT2C receptor agonists CP-94,253 (16mg/kg) and Ro 60-
0176 (10mg/kg), were evaluated in male C57 mice at 4h
intervals over a 24h period. The mRNA coding the 5-HT1B
and 5-HT2C receptors in the hypothalamus was quantified
in parallel by real time RT-PCR analysis. Results: As ex-
pected, C57 mice exhibited a circadian pattern of feeding
characterized by the eating of 60-70% of their daily con-
sumed food during the nocturnal phase of the light/dark
cycle. The injection of CP-94,253 or Ro 60-0176 reduced
food intake but the intensity of their anorexic effects was
time dependent as indicated by one-way ANOVA analysis.
Actually, the maximum inhibitory effect for both com-
pounds was observed during the second 4h period follow-
ing the extinction of the lights. The expression of 5-HT1B
receptors in the hypothalamus exhibited also a circadian
rhythm. Interestingly, the acrophase of 5-HT1B receptors
levels coincided with the time point at which the injection
of CP-94,253 induced the maximum inhibitory effects on
food intake. In contrast, we observed no circadian varia-
tions in the expression levels of 5-HT2C receptors. Con-
clusions: These results suggest that the circadian varia-
tions in the anorexic effects of 5-HT are due, at least in
part, to the rhythmic expression of 5-HT1B receptors.

Gene expression dissection of the circadian
neuronal circuit of Drosophila

Nagoshi E1,2 , Sugino K2, Kula E1,2,3, Okazaki
E4, Tachibana T4, Nelson S2, Rosbash M1,2
1Howard Hughes Medical Institute;
2National Center for Behavioral Genomics, Department of
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Biology, Brandeis University, Waltham, MA, USA,;

3Current Address: Department of Neurobiology and
Physiology, Northwestern University, Evanston, IL, USA;

4Department of Bioengineering, Graduate School of Engi-
neering, Osaka City University, Osaka, Japan

Purpose: To profile selective gene expression within multi-
ple elements of the neural circuit controlling circadian
rhythms in Drosophila. Methods: We developed a novel
method to manually purify specific sets of circadian neu-
rons as well as mixed, control neurons with the Gal4-
Gal80-UAS system. Genome-wide gene expression analy-
sis was then used to identify three different sets of highly
enriched mRNAs: one shared by all clock neurons, a sec-
ond only enriched in PDF-positive clock neurons (ventral
Lateral Neurons, LNvs) and a third only enriched in PDF-
negative clock neurons. Results: From each of these three
sets of MRNAs, we successfully characterized three novel
circadian genes. d4E-BP (Drosophila 4E-binding protein)
is enriched in all clock neurons, and loss-of-function and
gain-of-function mutations alter behavioral rhythms. The
uncharacterized transcription factor Fer2 is enriched in
LNvs; it plays a pivotal role in the specification of a subset
of clock neurons and therefore their ability to drive locomo-
tor activity rhythms. The Drosophila homolog of the mam-
malian circadian gene nocturnin is expressed in a different
subclass of the circadian circuit and has a role in the regu-
lation of the circadian light response. Conclusions: The
methodology is a powerful tool not only to dissect the cel-
lular and molecular basis of circadian rhythms but also to
molecularly characterize neuronal circuits that contribute
to many different problems in Drosophila neurobiology.

The daily variations of tryptophan hydroxylase
-2-mRNA in the Syrian hamster are glucocor-
ticoid-dependent

Nexon L, Sage D, Pévet P, Raison S

Département de Neurobiologie des Rythmes, Institut de
Neurosciences Cellulaires et Intégratives, CNRS UPR-
3212, Strasbourg, France

Purpose: We have assessed the role of glucocorticoids in
the daily variations of tph2-mRNA (messenger of the rate-
limiting enzyme of serotonin synthesis) within the dorsal
(DR) and median raphé (MnR) of the Syrian hamster.
Methods: Tph2-mRNA levels were measured by in situ
hybridization in Syrian hamsters maintained in a 14 h-light
10 h-dark photoperiod. In a first group, hamsters were
adrenalectomized and given intra-peritoneal cholesterol
pellets containing 1% cortisol and 2% corticosterone, de-
livering constant diurnal levels of glucocorticoids. In a sec-
ond group, adrenalectomized hamsters implanted with the
same glucocorticoids-containing pellets were given gluco-
corticoids in their drinking water during the night. Sham
hamsters implanted with 100% cholesterol pellets were
used as controls. Results: Sham hamsters were character-
ized by daily variations of tph2-mRNA in the DR and MnR,
which were completely abolished after removing the daily
rhythmic pattern of glucocorticoids secretion in the first
group of adrenalectomized hamsters. Furthermore, the re-
induction of an artificial glucocorticoids day-night surge in
the adrenalectomized hamsters of the second group was
able to restore the tph2-mRNA daily variations. Conclu-
sions: Through their action on the expression of the tph2
gene, glucocorticoids may constitute a synchronizing cue

|
able to promote a rhythmic functioning of the Syrian ham-
ster serotoninergic system.

Molecular mechanism of circadian oscillation
reset by prolonged treatment of cycloheximide
in mouse suprachiasmatic nucleus

Nishide S, Honma S, Yamada Y, Honma KI

Department of Physiology, Hokkaido University Graduate
School of Medicine, Japan

Purpose: The purpose of present study is to investigate
molecular mechanism of circadian oscillation reset by pro-
longed treatment of protein synthesis inhibitor in mouse
cultured suprachiasmatic nucleus (SCN). Methods: The
brain slices including the SCN were obtained from Bmall-
luc mice which carried a bioluminescent reporter for Bmall
gene expression. The circadian gene expression rhythms
were monitored in a cultured slice by a photomultiplier
tube detector. After confirming the robust circadian
rhythms for 5-7 days, cycloheximide (CHX), a potent in-
hibitor of protein synthesis, was added into the culture
medium. The inhibition was stopped by medium exchange
after 24 or 48 h. The amount of Perl, Per2 and Bmall
mRNA were measured before, during and after CHX appli-
cation by quantitative RT-PCR. Results: The biolumines-
cence from the cultured SCN was decreased to the back-
ground level by CHX administration, and recovered after
the washout of CHX. On the other hand, the Perl and
Per2 mRNA were increased during CHX treatment and
reached the plateau level after 18 h. The mRNA levels
were rapidly decreased on the withdrawal of CHX and
remained low level for approximately 8 h. By contrast, the
Bmall mRNA level was increased after CHX treatment
and reached the plateau level after 6 h, but decreased
spontaneously after 18 h. The mRNA was decreased to
the basal level, but increased again 12 h after washout.
Conclusions: These findings indicate that the increase of
Perl and Per2 transcription by CHX was probably due to
the inhibition of respective inhibitory proteins (PERZ,
PER?2, et cetera) by CHX. On the other hand, the Bmall
transcription is also enhanced probably through the Rev-
erba and RORa circuits, but the enhancement does not
continue for a full circadian cycle. The balance between
REV-ERBa and RORa seems to be involved in the time
course of Bmall transcription.

The clock in the worm

Olmedo M, van der Pol M, Bosman J, Merrow M

Department of Chronobiology, University of Groningen,
The Netherlands

Purpose: Caenorhabditis elegans is an important model
system for biological research in many fields including
genomics, cell biology, neuroscience and aging. Several
reports have shown evidence of a circadian clock, using
either activity or resistance to osmotic shock. We find
these nematode circadian phenotypes subtle so we are
working to develop a more efficient system for circadian
experimentation with worms. Methods: A fundamental
property of circadian clocks is their pervasive regulation of
physiology. We adapted a chemotaxis assay based on
olfaction to monitor changes in olfactory sensitivity over
the day. Age matched adult worms were raised in entrain-
ing temperature cycles. They were exposed to the repel-
lant 1 octanol for 15-min, a sub-threshold condition. Re-
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sults: We find that 1 octanol is an effective repellant for
C.elegans in presence of E. coli. Preliminary results show
a bimodal response pattern to 1l-octanol over the day.
Conclusions: The response to a repellant olfactory cue
changes through a mild, 24h temperature cycle in C. ele-
gans.

Molecular analyses of Hiomt gene and its asso-
ciation with circadian phenotypes in humans

Pereira DS1, Pedrazzoli M1,2, Koike BDV1,
Tufik S1

1Universidade Federal de Sdo Paulo, Psychobiology De-
partment, Sao Paulo, Brazil ;

2Universidade de Sao Paulo, Gerontology, Sao Paulo,
Brazil

Purpose: To search for polymorphisms in the Hiomt
(hydroxyindole-O-methyltransferase) gene that encodes
the last enzyme in the melatonin synthesis pathway and to
verify possible associations between genetic variations in
this gene and circadian phenotypes in a Brazilian popula-
tion sample. Methods: Based on the questionnaire Horne
& Osteberg (HO) score, we selected volunteers with ex-
treme morning and evening preference. Volunteers that
did not answer the HO questionnaire were selected as a
sample of general population and seventeen DSPS
(Delayed Sleep Phase Syndrome) patients participated in
this study. The Hiomt gene was screened using DHPLC
(Denaturing High Performance Liquid Chromatography)
analysis system and direct sequencing. For six polymor-
phisms found with high frequency, we confirmed the geno-
type by TagMan SNP Genotyping Assays. We used hap-
loview software to performed haplotypic analysis. Results:
We have found eight SNPs in our sample, being that one
of them was not reported yet. We found also one VNTR
(not reported in the literature) and one deletion. From the
SNPs found in the screening, we observed an association
of one them (rs28675287) with DSPS. Haploview ana-
lyzes shown that there is linkage disequilibrium between
pairs of polymorphisms in the promoter region. The haplo-
type AG located in the first pair block 5° upstream is asso-
ciated with evening preference. Conclusions: The analysis
of our data indicates that polymorphisms in the Hiomt
gene are associated with circadian phenotypes in hu-
mans. The likely mechanism is that these genetic varia-
tions affect the rate and/or level of melatonin synthesis. A
next important step is look for the effects of these poly-
morphisms in the profile of melatonin synthesis and secre-
tion in controlled conditions.

Per3 gene in Callithrix jacchus: full molecular
analysis and VNTR comparison with other pri-
mates

Sabino FC1, Pedrazzoli M1,5, Mello LE2, Caval-

cante JS3, Oliveira JA4, Tufik S1

1Department of Psychology, UNIFESP;
2Department of Neurophysiology, UNIFESP;
3Department of Neurophysiology, UFRN;
4Department of Basic Sciences, UNESP- Aracatuba,
5 Department of Gerontology, Universidade de S&o
Paulo, Sao Paul, Brazil

Purpose: To characterize Per3 gene in marmosets, to

search for polymorphims in exonic regions, especially in
one particular VNTR. To compare the VNTR length
among new world primates species. Methods: Initially, to
get the sequence of marmoset’s cDNA, the primers were
designed based on human, chimpanzee and rat cDNAs.
Total RNA was extracted from liver of a marmoset and the
cDNA was made from this. When a marmoset Per3 draft
contig became available in UCSC genome browser we
started to use the draft sequence to help with the intronic
regions. We use Phred/Phrap/Consed package to assem-
bly all the gene sequence. To amplify intronic sequences
the DNA was extracted from blood. And to search for
length polymorphisms in VNTR region 70 marmosets, 33
capuchin monkeys and one Goeldi’s marmoset were ana-
lyzed. Now we started to look for SNP in 50 marmosets by
DHPLC technique in exonic regions. Results: The entire
cDNA sequence showed 4173 bp and the identity of mar-
moset cDNA with the human and marmoset of Per3 was
82% and 92%, respectively. More than 50% of intronic
fragments were sequenced, this contig is incomplete and
when compared with UCSC marmoset contig we can ob-
serve some relatively large differences from our se-
guences. These sequences showed up 81-89% of identity
with the related sequence of the hPer3. In the VNTR re-
gion, only one marmoset presents a polymorphism (7 and
6 repeat), while the Capuchin monkeys carry two copies
and Goeldi, six, but there were no polymorphism’s varia-
tion in these two species. Conclusions: With the Per3 se-
quenced and characterized we will be able to study gene-
environmental interactions in marmoset animal model of
circadian rhythms.

Investigations on the circadian clock in Bran-
chiostoma

Schomerus C, Laedtke E, Korf HW, Wicht H

Dr. Senckenbergische Anatomie, Goethe-Universitat,
Frankfurt am Main, Germany

Purpose: To elucidate the evolutionary history of the
clockwork on the behavioral, anatomical, and molecular
level. Methods: Behavioral investigations, gene cloning, in
situ hybridization, phylogenetic analyses, molecular mod-
elling. Results: Branchiostoma (Amphioxus) is a close
living evertebate relative of vertebrates. We found that
Branchiostoma displays rhythmic locomotor activity per-
sisting under constant darkness, suggesting the presence
of a circadian oscillator. We cloned the amphioxus ho-
mologs of the clock genes Bmal (amphiBmal) and Per
(amphiPer) and localized amphiPer and amphiBmal
mMRNAs in a restricted cell group in the anterior neural
tube, in a region corresponding to the diencephalon of
vertebrates. Both amphiPer and amphiBmal showed
rhythmic and circadian fluctuations. In phylogenetic analy-
ses we found that the overall amino acid sequences of
AMPHIPER and AMPHIBMAL are more similar to the vari-
ous vertebrate PER and BMAL proteins than to those of
insects. However, computational modelling of the BMAL
PAS domains showed that the AMPHIBMAL PAS domain
retains a plesiomorphic trait in its molecular morphology
that was not evident from the sequence analyses alone.
This trait may affect the protein-protein interactions of the
PAS domain and, thus, heterodimerization of BMAL with
CLOCK. Among vertebrate BMAL proteins, the plesiomor-
phic trait is retained in the BMAL2 proteins, but is changed
to a single new, apomorphic trait in the BMAL1s. Conclu-
sion: The rhythmic behavior of Branchiostoma and the
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spatio-temporal pattern of clock gene expression suggest
that Branchiostoma possesses a homolog of the SCN.
The particular molecular morphology of the PAS domain of
BMAL1 may be an evolutionary novelty that arose with
vertebrates and may, among others, be responsible for the
subtle differences in the interaction of the components of
the clockwork that are observed between vertebrates on
one hand and evertebrates on the other.

Circadian rhythm dissociation in a diurnal pri-
mate (Callithrix jacchus) under T cycles
shorter than 24 hours

Silva CA, Melo LIM, Pires AR, Silva JJ, Régo
RC, Barbalho JC, Azevedo CVM, Araujo JF

Laboratory of Chronobiology, Department of Physiology,
Federal Univ. of Rio Grande do Norte, Natal-RN, Brazil

Purpose: To evaluate circadian motor activity rhythm of
the common marmoset under symmetric light-dark (LD)
cycles shorter than 24 h. Methods: Motor activity of 6 adult
females, in individual cages, was continuously registered.
The animals were isolated in a room with controlled tem-
perature and humidity, and sound attenuated. The light
intensity during light phase was 146.5 + 53.3 Ix whereas
dark phase consisted in total darkness. They were main-
tained under symmetric LD cycles with periods of 21
(T21), 21.5 (T21.5) and 22 h (T22) during 60, 35 and 48
days, respectively. Periodogram Sokolove-Bushell was
used to measure the percentage of variance (VSP), an
indicator of rhythm’s significance. Results: Two compo-
nents of circadian motor activity rhythm were seen for all
animals on T21, one with the same period of external LD
cycle, named light-entrained component (LEC), and the
other in free-running, named non-light-entrained compo-
nent (NLEC). In the other two conditions, only 83.3%
(T21.5) and 33.3 % (T22) of the animals showed two sig-
nificative components. The value of VSP of LEC was 8.2 +
1.1, 142 + 2.5, 24.8 + 8.0, and of NLEC was 12.0 + 5.3,
10.9+3.9,11.9 +1.5to T21, T21.5 and T22, respectively.
Conclusions: Motor activity rhythm of common marmoset
can dissociate in two circadian components under T21,
which may be driving by different groups of oscillators.

Financial Support: CAPES, CNPq and FAPERN; Nucleo de Primatologia
da UFRN — Register in IBAMA: 1/24/92/0039-0

The zebrafish pineal gland transcriptome: a
focus on circadian genes

Tovin A, Alon S, Gothilf Y

Department of Neurobiology, George S. Wise Faculty of
Life Sciences, Tel Aviv University, Tel Aviv, Israel

Purpose: Towards understanding the regulation and func-
tion of clock controlled genes (CCGs) within a central
clock organ, we analyzed the pineal gland transcriptome in
zebrafish, an advantageous animal model for studying
gene functions. Methods: Zebrafish pineal glands were
collected every 4-hr throughout two daily cycles under
constant dark and RNA was hybridized with affymetrix
microarrays, providing a genome-wide examination of
gene expression. The microarray datasets were normal-
ized and searched for periodic time-dependence using
Fast Fourier analysis (FFT). Results: The data analyzed
by the microarray experiment yielded a subset of 82 tran-
scripts which demonstrate circadian rhythmic profiles, in-
cluding several known clock genes and CCGs such as

|
bmall, cry2a, cry3 and aanat2. Many transcripts in this list
that are involved in different cellular and physiological
pathways such as transcriptional regulation, phosphoryla-
tion, ubiquitination, and phototransduction were recog-
nized as circadian for the first time. Some genes are clock-
related family members which were only recently cloned in
zebrafish and their possible role in the core clock mecha-
nism and its output pathways is yet unknown. Few of the
transcripts in the list were identified as novel genes, an
intriguing result which warrants an in-depth study of their
function. Conclusions: This genome-wide analysis empha-
sizes the ubiquitous role of circadian timing in pineal
physiology and serves as a basis for further investigation
of gene function and interactions within the clock system.
In-vivo, in-vitro and bioinformatic approaches which are
well established in the zebrafish model will be used to
study the function of selected CCGs and promoter ele-
ments. Taken together, this research will increase our
understanding of the intricate machineries that underlie
circadian rhythmicity.

Expression and functional analyses of circadian
genes in mouse oocytes and preimplantation
embryos: cryl is involved in the meiotic proc-
ess independently of circadian clock regulation

Watanabe T1, Amano T1, Hatanaka Y1, Anzai
M2, Kato H2, Mitani T2, Kishigami S1, Saeki K1,
Hosoi Y1, Iritani Al1,2, Matsumoto K1

1Department of Genetic Engineering, College of Biology-
Oriented Science and Technology, Kinki University, Waka-
yama, Japan

2Institute of Advanced Technology, Kinki University, Wa-
kayama, Japan

Purpose: In mammals, circadian genes, clock, arntl (also
known as bmall), cryl, cry2, perl, per2 and per3, are
rhythmically transcribed every 24 h in almost all organs
and tissues to tick the circadian clock. However, their ex-
pression and function in oocytes and preimplantation em-
bryos have not been investigated. Methods: Presence of
the transcripts of circadian genes in both oocytes and pre-
implantation embryos was analyzed by Real-time PCR.
Immunofluorescence was used to analyze CLOCK,
ARNTL, and CRY1 localizations in oocytes and preimplan-
tation embryos. Knockdown of CRY1 was achieved by
RNA interference. DAPI staining was used to identify the
meiotic oocytes. Results: Amounts of the transcripts of
circadian genes did not oscillate every 24 h in 1- to 4-cell
and blastocyst-stage embryos. CLOCK, ARNTL, and
CRY1 were localized similarly in the nuclei of GV oocytes
and 1- to 4-cell stage embryos. Since CRY1 is known to
interact with the CLOCK-ARNTL complex to suppress
transcription-promoting activity of the complex for genes
such as weel, cry2, perl, per2, and per3 in cells having
the ticking circadian clock, we hypothesized that if the
circadian clock functions in GV oocytes and 1- to 4-cell
stage embryos, CLOCK, ARNTL, and CRY1 might sup-
press the transcription of these genes in GV oocytes and 1
- to 4-cell stage embryos as well. However, knockdown of
CRY1 in GV oocytes did not affect the transcription levels
of weel, cry2, perl, per2 and per3 but reduced maturation
ability. Conclusions: Circadian genes are not involved in
circadian clock regulation in mouse oocytes and preim-
plantation embryos but are involved in physiologies such
as meiosis.
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Seguential and compartment specific phos-
phorylation controls the life-cycle of the cir-
cadian CLOCK protein

Weber F, Hung HC, Maurer C, Zorn D, Chang
WL

Biochemistry Center of the University of Heidelberg, Hei-
delberg, Germany

The circadian clock facilitates a temporal coordination of
most homeostatic activities and their synchronization with
the environmental cycles of day and night. The core oscil-
lating activity of the circadian clock in Drosophila and
mammals is formed by a heterodimer of the transcription
factors CLOCK (CLK) and CYCLE (CYC). Post-
translational regulation of CLK/CYC has previously been
shown to be crucial for clock function and accurate timing
of circadian transcription. Here we report that a sequential
and compartment specific phosphorylation of the Droso-
phila CLK protein, assigns specific localization and activity
patterns. Total and nuclear amounts of CLK protein were
found to oscillate over the course of a day in circadian
neurons. Detailed analysis of sub-cellular localization and
phosphorylation revealed a nucleo-cytoplasmic shuttling
of CLK. Newly synthesized CLK protein is hypo-
phosphorylated in the cytoplasm prior to nuclear import. In
the nucleus, CLK is converted into an intermediate phos-
phorylated state that correlates with trans-activation of
circadian transcription. Nuclear export promotes hyper-
phosphorylation and degradation of the CLK protein. Sur-
prisingly, CLK localized to discrete nuclear foci in cell cul-
ture as well as in circadian neurons of the larval brain.
These sub-nuclear sites likely contain a storage form of
the transcription factor, while homogeneously distributed
nuclear CLK is transcriptionally active. These results show
that sequential post-translational modifications and sub-
cellular distribution regulate the activity of the CLK protein,
uncovering a core post-translational timing mechanism of
the circadian clock.

Resynchronization of circadian activity rhythms
following various Zeitgeber shifts in phenotypi-
cally different Djungarian hamsters

Weinert D, Limbach A, Schoéttner K

Institute of Biology/Zoology, Martin-Luther-University,
Halle, Germany

Purpose: In Djungarian hamsters bred at our institute two
distinct phenotypes have been observed, the wild type
(WT) and the DAO type. The latter is characterized by a
delayed activity onset. As the activity offset remains syn-
chronized with light-on, this delay leads to a compression
of the activity time and finally to a free run or arhythmicity.
One of the possible reasons may be a deficient mecha-
nism of photic entrainment. Therefore, experiments with
Zeitgeber shifts were performed. Methods: Investigations
were carried out on WT and DAO hamsters being kept
singly under standardized laboratory conditions (L:D =
14:10). Motor activity was monitored by means of passive
infrared motion detectors. Advances and delays of the LD
Zeitgeber were realized by single shortening and length-
ening of the light (L) or the dark (D) period by 6 h. Results:
Following a shortening of L or D, WT hamsters did re-
entrain by advancing their activity rhythm, whereas a de-
lay was observed following lengthening of L or D. DAO
hamsters did re-entrain by a delay in both cases. Also,

whereas all WT hamsters were able to resynchronize, a
considerable part of DAO animals was not. They did in-
stead start to free run, got arrhythmic or did switch to a
diurnal pattern. Resynchronization was slower following
an advancing LD shift compared to a delaying one and
when changing L compared to changing D. Differences in
the resynchronization time between phenotypes were
found only when the Zeitgeber was advanced with DAO
hamsters being much slower. Conclusions: The results
support our hypothesis of a diminished ability of DAO
hamsters to be entrained by the light-dark cycle. Also,
they do fit with phase responses to light pulses obtained in
hamsters of both phenotypes.

Synergic entrainment of Drosophila’s circadian
clock by light and temperature

Yoshii T, Helfrich-Forster C

University of Regensburg, Institute of Zoology, Regens-
burg, Germany

Purpose: Daily light and temperature cycles are the most
important Zeitgebers for circadian clocks. The influence of
each single Zeitgeber on the clock has been well studied;
but little is known about the synergic effects of both Zeit-
gebers on the clock. In nature, light and temperature show
characteristic daily oscillations with the temperature rais-
ing during the light phase and reaching its maximum in the
late afternoon. In the present study, we studied behavioral
and molecular rhythms in Drosophila melanogaster under
simulated natural light-dark (LD) and temperature (T) cy-
cles that typically occur during the equinox in October.
Methods: Wild-type flies were either subjected to simu-
lated LD or T cycles alone or to a combination of both (LD
cycle: 12:12 with 1.5h dawn and dusk; T cycle: gradually
changing between 16 and 26T with the maximum in
the evening). Behavioral and molecular rhythms (TIM im-
munostaining of the clock neurons in wholemount brains)
were assessed under the 3 different conditions. Results:
Although behavior rhythms were entrained by all three
conditions, the rhythms were most strongly set by the
combination of LD and T cycles. The clock neurons re-
sponded differently to LD and T cycles. Some were not
entrained by T cycles alone, others were barely entrained
by LD cycles alone. The combination of the two Zeitge-
bers entrained all clock neurons, strongly enhanced the
amplitude of TIM cycling in the majority of cells and set the
oscillations in all clock neurons to a similar phase. Conclu-
sions: Our results show that the two Zeitgebers synergisti-
cally entrain behavioral and molecular rhythms of Droso-
phila melanogaster.

Effects of DNA damage response on circadian
rhythms

Zamborszky J1, Hong CI2, Csikasz-Nagy Al

1Centre for Computational and Systems Biology, Trento,
Italy;

2Department of Genetics, Dartmouth Medical School,
Hanover, New Hampshire, USA

Purpose: Cell division cycle seems to be gated by cir-
cadian clock, through the clock transcription factor
(BMAL1/CLK) induced cell cycle kinase, WEE1. On the
other hand, a clock component (i.e. FRQ in Neurospora
crassa and mPerl in mice) is phosphorylated by the cell
cycle kinase, Chk2, upon DNA damage. Experiments re-
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veal that ionizing radiation treatments create predomi-
nantly phase advances in circadian rhythms. The molecu-
lar details of how DNA damage does not cause relevant
delays, remains uncovered. Methods: In order to address
the minimum criteria for DNA damage-induced phase ad-
vances in circadian rhythms, we employ our previous sim-
ple mammalian circadian clock model [1] and also a more
detailed mathematical model [2] to study possible Chk2
dependent molecular mechanisms that produce the ob-
served behavior. We hypothesize different Chk2 targets of
PERs (monomer, dimer, and complex with BMAL1/CLK),
and analyze the importance of regulatory feedback loops
in the circadian system. Results: We show [3] that the
unique phase advances of the circadian clock from DNA
damage response are observed when Chk2 only affects
PERs that are not bound to BMAL1/CLK. Furthermore,
existence of an autocatalytic positive feedback mechanism
in addition to the time-delayed negative feedback loop
seems to be essential. Conclusions: The implications of
the advanced phase responses of the circadian clock are
to provide a mechanism to ensure more time for DNA re-
pair. Our simulations suggest that Chk2 dependent phase
advance is the best strategy to induce large induction of
WEEL1 that inhibits entry into mitosis. Cell cycle network is
ingeniously wired with circadian rhythm for an optimal re-
sult upon DNA damage.

[1] Z&mborszky J, Hong Cl, Csikasz-Nagy A (2007) J Biol Rhythms

22:542-553.
[2] Leloup JC, Goldbeter A (2004) J Theor Biol 230: 541-562.
[3] Hong CI, Zamborszky J, Csikasz-Nagy A (2009) PLoS Comp Biol
in press.

The role of CREM/ICER in the circadian ex-
pression of Perl and Per2 in the mouse liver

Rozman D, Prosenc U, Beovic J, Kosir R, Aci-
movic J, Golicnik M

Centre for Functional Genomics and Bio-Chips, Institute of
Biochemistry, Faculty of Medicine, University of Ljubljana,
Slovenia

Aim: To characterize the role of Crem gene isoforms
(CREM activators and ICER repressors) on the circadian
expresison of Perl and Per2 in the mouse liver. Methods:
Wild type and Crem knockout mice were sampled circa-
dially every 4 h in DD, 6 animals per time point. Perl and
Per2 gene expression was evaluated by Q-PCR. Expres-
sion of ICER isoforms was monitored by PCR. CRE ele-
ments in mPerl and mPer2 promoters were mutated and
the role of individual elements studied by promoter-
reporter analyses. Results: The expression of Perl in w.t.
mouse livers peaks at CT12. Perl amplitude is lower in
Crem -/- animals, suggesting the involvement of CREM
activators in expression of Perl. The difference is most
evident at CT12, which was confirmed in 2 experiments.
Four potential CRE elements reside in the 1.8 kb mPerl
promoter. Mutation of mPerl CRE2 lead to significant (p ?
0.05) decrease in CREM-mediated transactivation. The
expression of Per2 in w.t. mouse livers peaks at CT12 —
CT16. Per2 amplitude is higher in Crem -/- mice compared
to controls, suggesting involvement of ICER repressors in
circadian expression of Per2. The 1,6 kb mPer2 promoter
contains four potential CRE sites, however, none of them
is individually responsible for the CREM-mediated transac-
tivation. Four ICER isoforms (I, 1?, Il, 1?) reside in the
mouse liver, the ratio between them is changing circa-
dially. Conclusions: Different mechanisms are involved in
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the circadian regulation of Perl, Per2 by CREM/ICER.
The circadial expression of Perl is diminished and that of
Per2 increased in livers of Crem-/- mice compared to wild
types. Promoters of mPerl and mPerl each contain four
potential CRE elements. To understand the CREM-
dependent mechanism in circadian expression of Perl
and Per2, the importance of individual CRE elements has
to be established and CREM/ICER isoforms that bind to
CREs have to be identified.

2. VISUAL AND CIRCADIAN PHOTORECEP-
TION, NON-PHOTIC CUES
Evidence for a Zeitgeber-effect of passive
heat loading in men

Anders D, Gompper B, Weik J, Krauchi K

Thermophysiological Chronobiology, Centre for Chronobi-
ology, Psychiatric Hospital of the University of Basel, Swit-
zerland

Purpose: We aimed at testing the hypothesis that an ex-
ternal heat pulse in the evening, when core body tempera-
ture (CBT) decreases, induces a phase delay of the hu-
man circadian system, similar to the effect of light. Meth-
ods: Eight healthy male subjects (23-29y) were recruited
for an intervention group (IG). Participants conducted a
constant routine (CR) protocol including 40-h prolonged
wakefulness under dim light conditions (<8lux). Passive
body heating (PBH) took place at 14.83h after lights on
(lon) for 30min. Subjects were immersed into warm water
via a crane (39C, only head out, minimal postural
changes). A matched control group (CON) underwent the
CR without PBH. CBT was registered via a rectal probe
sampled at 30-s intervals. In order to determine melatonin
concentration (MEL) saliva was collected every 30min
throughout the protocol. Results: Time course analysis of
CBT and MEL for the time segment before PBH
(=baseline, BL) revealed no significant differences to CON
(p>0.43). In contrast, CBT during the time segment after
PBH (post-treatment day, PD) exhibited significant differ-
ences to BL (p<0.001). Both MEL and CBT time courses
displayed significant interaction terms (BL vs. PD x IG vs.
CON x TIME; ANOVA, p<0.01). Compared with CON,
CBT and MEL exhibited an earlier decline and increase in
the evening of PD, respectively. Different methods for
analyses of circadian phase markers (mid range crossing
time; CBT minimum; dim light melatonin onset, DLMO)
revealed a phase shift of about 1.5h for CBT and 0.8h for
DLMO compared to CON. Conclusions: We could demon-
strate a circadian phase advance after a single heat pulse
in CBT and to some extent in MEL in humans under CR
conditions. Due to the fact, that there is no phase re-
sponse curve to heat in diurnal mammals, this study
marks the beginning of a systematic investigation.

Research support: SNF# 3200B0-116504

Motor learning during circadian wheel running:
A fresh perspective using a new model rodent
Basu P1, Singaravel M1, Refinetti R2

1Department of Zoology, Banaras Hindu University, Vara-
nasi, India;

2Circadian Rhythm Laboratory, University of South Caro-
lina, 807 Hampton Street, Walterboro, SC 29488, USA

Purpose: To quantify and obtain a learning curve for motor
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learning during circadian locomotor activity in the Indian
Pygmy Field Mouse, Mus terricolor. Methods: Adult mice
were captured from crop fields and acclimated to labora-
tory conditions. Behavioral test-naive animals were al-
lowed continuous access to non-motorized running
wheels for up to 30 days and locomotor activity was moni-
tored using the Clocklab (Actimetrics) data recording and
analysis system (Coulbourn, USA). A group of mice hav-
ing 15 days prior wheel-running experience served as the
control. The maximum wheel revolutions/min (counts/min)
achieved for each day was noted using an inbuilt Clocklab
function and a leaning curve was plotted. Results: M. terri-
color exhibited a robust circadian locomotor activity
rhythm with a ? of 23.807?0.26 h and acrophase at
00:26x1:42 h. Behavioral test-naive animals showed a
significant (P<0.001) increase in maximum counts/min
increasing from 26.3976.05 (counts/min) to 68.8675.49
(counts/ min). The control group exhibited 63.8?7.1
(counts/min) throughout the duration of the experiment.
Conclusions: M. terricolor, a known crop pest, is a good
model organism. Motor learning is evident during circadian
wheel running in M.terricolor, and was quantified. A pleth-
ora of research applications can be found for this phe-
nomenon. The learning period in Clock mutant mice can
be checked. Fast- and slow-learning lines can be created
using this phenomenon as a screening parameter. The
effect of therapeutics, aimed at treating motor-deficit disor-
ders and other diseases, on the duration of motor im-
provement can also be studied.

Social context-dependent reorganization of the
molecular clockwork in honey bees

Bloch G, Eban-Rothschild A, Shemesh Y

Department of Evolution, Systematics, and Ecology, The
Alexander Silberman Institute of Life Sciences, The He-
brew University of Jerusalem, Jerusalem, 91904, Israel

Purpose: The social environment interacts with the cir-
cadian clock of diverse animals, even in species with no
elaborated social life style. However, little is known about
the functional significance of this interaction, the specific
social signals, or the dynamics of the ways in which the
social environment modulates the circadian system. The
aims of this study were to determine whether task-related
plasticity in circadian rhythms in the honey bee is socially
regulated, and to characterize the dynamics of context-
dependent reorganization of behavioral and molecular
circadian rhythms. Methods: We manipulated the social
environment of young nurse-age bees and combined di-
rect observations in the hive, analyses of locomotor activ-
ity in the laboratory, and measurements of brain clock
gene expression with quantitative real-time PCR, to com-
pare behavioral and molecular circadian rhythms. Results:
Nurse-age bees that were restricted to a broodless honey-
comb, but not nurses on an adjacent brood-containing
honeycomb, showed robust circadian rhythms in activity
and in clock gene expression. Nurses that were removed
from the hive environment showed circadian rhythms in
locomotor activity after a few hours outside the hive, and
in clock gene expression after about 16 hrs. Conclusions:
Plasticity in circadian rhythms in honey bees is regulated
by specific social signals in the hive. These signals are
non-volatile, and appear to be mediated by direct contact
with the brood. Plasticity in behavioral rhythms is associ-
ated with relatively rapid reorganization of the molecular

clockwork. The removal experiments emphasized the im-
portance of an ecologically-relevant environment in stud-
ies on natural behavior because they show that the be-
havior and physiology change rapidly when an animal is
removed from its natural environment.

Loss of photic entrainment at low illuminance in
rats with acute photoreceptor degeneration

Boudard D, Mendoza J, Hicks D

Department of Neurobiology of Rhythms, Institute of Cellu-
lar and Integrative Neurosciences, Centre National de la
Recherche Scientifique UPR3212,, University of Stras-
bourg, Strasbourg, France

Purpose: To investigate the effects of chemically-induced
photoreceptor degeneration on the ability of rats to entrain
to different light intensities. Methods: N-methyl-N-
nitrosourea (MNU) (75 mg/kg) was injected into Long Ev-
ans rats, and then we measured the subsequent loss of
rods and cones, quantified the number of melanopsin ex-
pressing cells along with the down-regulation of melanop-
sin and investigated the ability of these animals to pho-
toentrain to different LD cycles (300, 15 and 1 lux). Re-
sults: Control animals entrained their locomotor activity
rhythms to the three cycles. In contrast, MNU-treated ani-
mals could only entrain properly to the 300 lux cycle. For
the 15 lux cycle, their phase angle was much altered com-
pared to control animals. For the 1 lux cycle, MNU-
injected animals showed no photoentrainment and an
apparent free-run activity pattern with a period of 24.3 h.
Subsequent to behavioural studies the animals were killed
and rod, cone, melanopsin and melanopsin expressing
cell loss were quantified. Rod and cone loss were almost
complete, melanopsin protein was reduced by 83 % and
melanopsin expressing cells were reduced by 37 %. Con-
clusions: Induced photoreceptor degeneration in adult rats
dramatically affects their ability to entrain the circadian
system at low light levels, presumably through rod-based
mechanisms.

Mealtime entrains behavioral, hormonal, meta-
bolic and neural parameters in the Rabbit pup

Caba M, Morgado E, Juarez C, Meza E

Programa en Ciencias Biomédicas, Universidad Veracru-
zana, México

Purpose: To study whether once a day nursing entrains
hormonal, metabolic and neural parameters in newborn
rabbits. Methods: Pregnant rabbit does were housed un-
der a controlled light cycle (12/12 h LD; lights on at 07:00
= ZT0), stable temperature (23+2<C), provided with rabbit
pellets and water ad libitum and were maintained in cir-
cadian recording cages equipped with two compartments
one for the mother and one for the pups. Mother's com-
partment was in LD but pups were kept in constant dark-
ness. Pups were scheduled to suck milk at either daytime
(ZTO3 group) or nighttime (ZT19 group). At PD7 pups
were sampled every four hours to determine rhythms in
stomach weight, corticosterone (CORT), ghrelin (GHRE),
glucose, liver glycogen, free fatty acids (FFA) and PER1
protein in the suprachiasmatic nucleus (SCN) and dor-
somedial hypothalamic nucleus (DMH). The same pa-
rameters were explored at PD9 in fasted subjects at PD8.
Results: In both groups actograms showed a circadian
component of 24 h with a maximum activity before nurs-
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ing. Stomach weight was highest 4 h after nursing; first 2/3
of their content was evacuated in the first 12 h after nurs-
ing. CORT was highest around time of nursing, then de-
creased and increased again before next nursing bout.
GHRE was low around time of nursing and peaks 12 h
after nursing (P<0.05 in ZT03 group; P<0.07 in ZT19
group) and then decreased. Glucose remained stable
around 160-220 mg/dl in both groups. Glycogen had lower
levels at nursing time, increasing significantly 8 h later and
then decreasing. FFA had a peak 4-8 h after nursing.
Rhythms of CORT and FFA, but not liver glycogen and
stomach weight, persisted in fasting. Glucose remained
stable with lower values but GHRE values increased. Tim-
ing of nursing induced a phase shift of 2.5 h in PERL1 that
affects mainly the amplitude in the SCN, but in the DMH
induces a complete phase shift. Conclusion: Meatime is a
potent non-photic zeitgeber for newborn rabbit pups.

Impact of the absence of melanopsin on the
endogenous functioning of the mammalian reti-
nal clock

Dkhissi-Benyahya 01,2, Coutanson C1,2, Coo-
per HM1,2

1INSERM U846, Stem Cell and Brain Research Institute,
Department of Chronobiology, Bron, France;

2Université Lyon |, Lyon, France

Purpose: The mammalian retina contains an endogenous
pacemaker that regulates retinal physiology and adjusts
daily the temporal phase of the central circadian timing
system with environmental time. This entrainment process
involves rods, cones and melanopsin-expressing retinal
ganglion cells. In contrast with non mammalian retinas, in
which the clock has been identified in photoreceptors, the
location of the retinal circadian clock in mammals is still
controversial. In addition, the impact of specific photore-
ceptor degeneration on the molecular machinery of the
endogenous retinal clock is unknown. Methods: The ex-
perimental strategy is based on the isolation of the retina
in two separate compartments: inner (inner nuclear and
ganglion cell layers) and outer (cones and rods) using
laser microdissection and real time RT-PCR. We investi-
gate clock gene expression in these two retinal compart-
ments during the 24hr cycle at six circadian times in the
wild-type mouse.We next evaluated the impact of the ab-
sence of melanopsin on the endogenous functioning of the
retinal clock by using Opn4-/- transgenic mouse model.
Results: We find that clock genes and clock-controlled
genes are expressed in a circadian manner not only in the
inner nuclear and ganglion cell layers but also at the level
of photoreceptors in the wild-type mouse. In addition, the
absence of melanopsin results in dysfunction of the en-
dogenous retinal clock, characterized by the alteration in
amplitude and phase of the expression of certain clock
genes. Conclusion: Our results suggest that the absence
of a specific photoreceptor can contribute to a dysfunction
of the retinal clock. Because circadian organization is
widespread in the retina and controls fundamental path-
ways, disruption of circadian clock organization in the ret-
ina could potentially have a major impact on retinal func-
tions such as gene cycling and photopigment regenera-
tion.

Retinal melatonin synthesis impairment in
streptozotocin-induced diabetic Wistar rats

I
do Carmo-Buonfiglio D1, Garcia-Peliciari RA1,
Peres R, Afeche SC2, Cipolla-Neto J1

1Department of Physiology and Biophysics, Institute of
Biomedical Sciences-I, University of Sdo Paulo, Brazil;

2Laboratory of Pharmacology, Butantan Institute, S&o
Paulo, SP, Brazil

Purpose: Several studies have shown the physiological
role of melatonin in the mammalian retina and its protec-
tive effect of diabetic STZ-induced rats. The aim of this
work is to study the retinal melatonin content and AANAT
activity in diabetic STZ-induced rats. Methods: Adult male
Wistar rats were randomly allocated in two groups, control
(citrate buffer) and diabetic (60 mg STZ /kg body weight).
Tail blood was collected for glucose determination using a
glucose meter, animals with glycemia > 200mg/dl were
considered diabetic. Some of the diabetic animals were
treated for 3 days with subcutaneous long-acting insulin
(2U) in the beginning of the day and short-acting insulin
(2U) plus long-acting insulin (2U) in the beginning of the
night. All animals were sacrificed 3 days after streptozoto-
cin and/or vehicle injection, every 3 hours throughout the
24h LD cycle. Retinal melatonin levels were measured by
high performance liquid chromatography (HPLC) and
AANAT activity was measured by a radiometric assay.
Results: Our results show a circadian profile of retinal me-
latonin synthesis in the control group with a clear nocturnal
peak. In the 3-days STZ-induced diabetic animals the reti-
nal melatonin content was reduced on the dark period in
comparison to the control group. In addition, insulin treat-
ment restored the nocturnal melatonin levels to the same
values of the control group. Regarding the retinal AANAT
activity profile, diabetic STZ-induced rats showed the loss
of AANAT rhythmicity which was restored on the insulin-
treated animals. Conclusions: Our work is the earliest to
show the diabetic reducing effects on retinal melatonin
synthesis. Insulin treatment was able to recover both the
levels and the rhythmicity pattern of retinal melatonin syn-
thesis and AANAT activity.

Vesicular glutamate transporter 2 (VGLUTZ) is
co-stored with PACAP in central projections of
the melanopsin containing retinal ganglion cells
in the rat

Engelund Al,2,Fahrenkrug J1, Hannibal J1

1Department of Clinical Biochemistry, Bispebjerg Hospital,
University of Copenhagen, Copenhagen, Denmark;

2Department of Basic Animal and Veterinary Sciences,
Faculty of Life Sciences, University of Copenhagen, Co-
penhagen, Denmark

Purpose: Non-image-forming (NIF) functions including
light entrainment of the biological clock, masking behav-
iour and the apillary light reflex are regulated via the reti-
nohypothalamic tract (RHT) by a subset of retinal ganglion
cells expressing melanopsin. Two neurotransmitters, glu-
tamate and PACAP, have been identified in these intrinsi-
cally photosensitive retinal ganglion cells (ipRGCs), which
upon activation releases the two neurotransmitters from
nerve terminals in the brain. To further characterize the
NIF system in rats, we examined the expression and co-
localization of PACAP and VGLUT2, a marker for gluta-
mate signalling, in ipRGCs and in nerve terminals in target
areas of the NIF system including the suprachiasmatic
nucleus (SCN), the intergeniculate nucleus (IGL) and the
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olivary pretectal nucleus (OPN). Methods: The antero-
grade tracer cholera toxin subunit B (CtB) was injected
into both eyes of the rats to visualize RHT projections. By
double and triple immunofluorescence against melanop-
sin, PACAP and VGLUT2 followed by confocal micros-
copy, we determined the degree of co-localization in the
retina and in retinal target areas. Binocular enucleated
animals were used as control. Results: PACAP and
VGLUT2 were co-localized with melanopsin in ipRGCs in
the retina. In the SCN, IGL and OPN, PACAP and
VGLUT2 were found in retinal projections storing CtB. The
majority of retinal projections contained both PACAP and
VGLUT2. Conclusions: Our results demonstrated that
PACAP and glutamate is co-stored in synapses in the
SCN, IGL, and OPN. The study further indicated that
VGLUT?2 is involved in glutamate signalling in regulation of
NIF functions.

The daily dynamics of melanopsin retinal gan-
glion cells

Garcia-Fernandez JM, Gonzalez-Menéndez |,
Contreras F, Cernuda-Cernuda R

Department of Morphology and Cell Biology, University of
Oviedo. Oviedo, Spain

Purpose: To analyze the daily variation of the mouse
melanopsin-expressing cell types. Methods: Retinas of
adults and during postnatal mice development were proc-
essed for immunochemistry. They were sampled every
four hours under a 12-hour light-dark cycle and under con-
stant darkness. Immunopositive neurons were classified
and quantified attending to the localization of their soma
and dendritic processes. A statistical analysis was carried
out. Results: In the present study a daily oscillation in the
number of melanopsin-expressing RGCs was observed in
mice kept under a light / dark (LD) cycle. One hour before
the lights were on (i.e., the end of the night period) the
highest number of immunopositive cells was detected
while the lowest was seen four hours later (i.e., within the
first hours of the light period). We have also detected that
these daily variations already occur in the early postnatal
development, when the rod/cone photoreceptor system is
not yet functional. The two main different melanopsin-
expressing cell subpopulations (M1 and M2) also showed
daily oscillations, although some differences between
them were seen and their ratio changed along the 24-hour
cycle. In order to find out whether or not the melanopsin
rhythm was endogenous, other mice were maintained in
constant darkness for six days. Under these conditions, no
defined rhythm was detected. Conclusions: These findings
suggest that some of the melanopsin-expressing RGCs
“turn on” and “off” during the day/night cycle. The loss of
daily variation in constant darkness suggests that either is
light-dependent or is gradually lost under constant condi-
tions.

Simulating aging of the eye in young subjects:
experimental reduction of lens transmission and

its effects on sleep and melatonin production in
humans

Giménez M1, Bollen P2, Gordijn M1, van der
Linden M2, Beersma D1
1Department of Chronobiology, Center for Life Sciences,
University of Groningen, The Netherlands;

20culenti, University Medical Center Groningen, The
Netherlands

Purpose: To investigate how reduction in (blue) light inten-
sity (as occurs during aging) affects sleep characteristics
and melatonin rhythms in humans under real-life condi-
tions. Methods: Via the use of soft orange contact lenses
(OL) a decrease in light intensity, particularly in the blue
range was obtained. 15 subjects participated in this study.
In randomized order they started with the control (15 days
of wearing their own contact lenses) or with the experi-
mental condition (15 days of wearing OL). Actigraphy and
sleep-diaries data were collected. For the last two nights
of each 15-days session subjects came to our facility for
collection of saliva samples to assess undisturbed mela-
tonin profiles (<10 lux) and melatonin suppression in re-
sponse to 2h of white light from 24h to 2h (600 lux, Osram
tubes). On a separate night outside the 15-days sessions
subjects came to our facility to assess the acute effects of
wearing OL on melatonin suppression. Results: After
wearing the OL for 15 days no shift in dim light melatonin
onset was found in comparison to the control condition nor
were there any changes in the amplitude of the melatonin
rhythm. Furthermore, no significant differences were ob-
served in the amount of melatonin suppression between
conditions. However, the suppression of melatonin pro-
duction immediately after starting to wear the OL was sig-
nificantly reduced. Sleep parameters were changed by the
use of OL; sleep was less efficient and more fragmented.
Conclusions: The results show that after 15 days of wear-
ing OL the system adapted to the change in light exposure
and recovered its sensitivity to light. Although smaller in
size the OL effects on sleep characteristics are reminis-
cent of the sleep changes that occur with ageing.

Funding: 6th European Framework program EUCLOCK (018741)

A photoreceptor Clock shock: Differential roles
of NPASZ and Clock in the core circadian os-
cillator and regulation of a clock-controlled
gene

luvone PM, Ali FG, Biscoglia R, Haque R

Ophthalmology and Pharmacology, Emory University,
Atlanta, GA, USA

Purpose: Both NPAS2 and CLOCK are expressed in
chicken retina. This study was conducted to explore the
relative contributions of NPAS2 and CLOCK to the core
circadian clock mechanism and to the regulation of clock-
controlled genes (CCG) in chick photoreceptors. Methods:
gRT-PCR was used to measure transcript levels. Western
blot analysis was used to measure CLOCK and NPAS2
protein. The photoreceptor layer of 2 week old chick reti-
nas was isolated by laser capture microdissection. Photo-
receptor cell cultures were entrained to a light-dark cycle
for 8 days before being transferred to constant darkness
for measurements of mMRNA of clock genes and the CCG
Aanat. Artificial microRNAs (miRs) were transfected on
day 4 in vitro to inhibit expression of CLOCK or NPAS2.
Results: Clock and Npas2 were both expressed in photo-
receptors in vivo and in vitro. In cultured photoreceptors,
Npas2, Per2, and Bmall were all expressed in a circadian
fashion, while Clock was constitutively expressed. NPAS2
miR significantly damped the rhythm of Npas2 mRNA and
markedly reduced NPAS2 protein expression. However,
NPAS2 miR had no effect on Clock mRNA levels or the
rhythms of Per2 or Bmall transcripts. Never-the-less,
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NPAS2 miR significantly reduced but did not abolish the
rhythm of Aanat mRNA. In contrast, CLOCK miR not only
significantly reduced the expression of CLOCK protein, but
also decreased the level of NPAS2 protein and nearly
abolished the rhythm of Npas2 mRNA. In addition,
CLOCK miR damped the rhythm of Per2 and Aanat ex-
pression, but not that of Bmall. ChIP analysis indicated
that both CLOCK and NPAS2 bound to the Aanat pro-
moter in situ. Conclusions: CLOCK plays a dominant role
in the core circadian oscillator of chick photoreceptor cells,
while CLOCK or NPAS2 are capable of driving the
rhythms of the CCG Aanat. Npas2 rhythms appear to be
CLOCK-dependent. Bmall rhythms do not require normal
expression of either CLOCK or NPAS2.

Intrinsically photosensitive ganglion cells in the
retina of the diurnal rodent, Arvicanthis an-
sorgei

Karnas D1,2, Hicks D2,3, Pévet P2,3, Mordel
J1,2,3, Meissl H1,2

1Max Planck Institute for Brain Research, Frankfurt/M,
Germany;

2European Laboratory for Circadian Research (LEA
CNRS-ULP-MPG No0.367), Strasbourg and Frankfurt/M;

3institute for Cellular and Integrative Neurosciences,
UPR3212 CNRS, Université de Strasbourg, Strasbourg,
France

Purpose: To characterize intrinsically photosensitive reti-
nal ganglion cells (ipRGCs) in the cone-rich retina of the
diurnal rodent Arvicanthis ansorgei. Methods: Retinae of
A. ansorgei at different ages (from P1 up to few months
old) were studied by electrophysiology ex vivo using mul-
tielectrode array (MEA) recording techniques. Multisite
MEA recordings allowed us to study possible physiological
heterogeneity of ipRGCs by monitoring large numbers of
photosensitive ganglion cells simultaneously, and also to
characterize these responses during development. Re-
sults: Recordings from ipRGCs show considerable differ-
ences in their response behaviour in comparison to rod-
and cone-driven ganglion cell responses. Response onset
of spike discharges is delayed and response duration
elongated in comparison to normal RGC. Light responses
persisted after blocking transmission of signals from rods
and cones to the inner retina by applying APB (100 pM),
NBQX (40 pM) and D-AP5 (30 uM). Furthermore, re-
cordings from early postnatal retinae (P1-P8), when syn-
aptic connections between the photoreceptor layer and
inner retina are not yet established, confirm the intrinsic
nature of the photoresponse of ipRGCs. In newborn A.
ansorgei where photosensitivity of ipRGCs is not influ-
enced by conventional photoreceptors, several types of
ipPRGCs could be observed, as distinguished by their re-
sponse kinetics. Up to 40 light-sensitive units could be
recorded from a single retina at age P1 and the responses
were conspicuous even for light pulses as short as 100
ms. Conclusions: Retinae of newborn A. ansorgei show
prominent light responses of ipRGCs that possibly con-
sists of several subtypes.

Daily expression patterns of rhodopsin and its
transcriptional regulators in Wistar rat retinal
photoreceptors

Kautzmann MA, Sandu C, Lorentz JG, Hicks D,

|
Felder-Schmittbuhl MP
Institut des Neurosciences Cellulaires et Intégratives,

UPR3212 CNRS, Université de Strasbourg, Strasbourg,
France

Purpose: to characterize daily expression patterns of Re-
vErb-alpha, Nrl, Crx and Nr2e3 transcription factors that
together constitute a major regulatory complex for the ex-
pression of rhodopsin gene in retinal photoreceptors.
Methods: whole retinas or isolated photoreceptor layers
from adult Wistar rats were collected over a 24h cycle in
LD or DD and expression analysed by Tagman real time
PCR and western blotting techniques. Results: transcrip-
tion of rhodopsin gene shows a 24h rhythm, together with
the amounts of three of its regulators: Nrl, Crx and Rev-
Erb-alpha. In addition Nrl transcription factor displays spe-
cific circadian regulation likely involving post-translational
regulation. It is known, indeed, that Nrl activity is strongly
regulated by phosphorylation processes, dephosphoryla-
tion correlating with maximal transcriptional activity. We
show here that the Nrl isoform showing the lowest appar-
ent molecular weight in western blot and corresponding to
the non-phosphorylated form of the protein, displays sus-
tained rhythmicity, the maximum being attained by the end
of the night, in synchrony with the amount of AA-NAT pro-
tein. We also show that nrl and crx display rhythmic tran-
scription in photoreceptors, indicating they are themselves
regulated by the clock. Conclusions: our results show that
most factors in the Nrl/Crx/Rev-Erb-alpha/Nr2e3 complex
display rhythmic expression and indicate this complex
might be responsible for the cyclic transcription of rhodop-
sin gene in the retina. They further indicate that the
rhodopsin gene, together with its regulators, constitutes a
valuable model to investigate signalling pathways originat-
ing in the clock and affecting the expression of secondary
order clock target genes.

Cone phagocytosis in neural retina leucine zip-
per (Nrl) knockout mice

Krigel A, Hicks D

Dept Neurobiologie des Rythmes, INCI, CNRS, Université
de Strasbourg, Strasbourg, France

Purpose: Evaluation of circadian rhythm of cone phagocy-
tosis in a S-cone rich retina model, Nrl-/- mice, during a 24
-h light/dark cycle. Methods: In these phagocytosis stud-
ies, eyes from young adult (2 months) Nrl-/- mice were
taken, fixed every 3 hours under a 12-h light/dark cycle
and stained by immunohistochemistry using anti-mouse S
cone opsine antibody. The number of phagosomes in the
retinal pigmented epithelium (RPE) was quantified using a
morphometric system. Results: The number of S-cones (S
-opsin) phagosomes present in the RPE showed a small
peak 1 or 2 h after light offset and then a large peak 1 or 2
h after light onset, thereafter decreasing to low baseline
levels by mid-day. S-cones (S-opsin) phagosomes in Nrl-/-
mice were less numerous than rods in wild type mice
where a broad peak of rod phagosomes has been demon-
strated 1 to 2 h after light onset in previous studies. Con-
clusion: Cone outer segment phagocytosis and shedding
can be observed in Nrl-/- mice and do not show similar
profiles and amplitudes compared to rods in wild type
mice. This strain may constitute a valuable novel animal
model for investigating cone photoreceptor turnover.

Circadian photoreception in mitochondrial optic
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neuropathies: relative sparing of melanopsin-
containing retinal ganglion cells

La Morgia C1, Ross-Cisneros FN2, Sadun AA2,
Tozer K2, Hannibal J3, Sancisi E1, Munarini A1,
Mantovani V1, Barboni P1, Cantalupo G1, Salo-
mao SR4, Moraes MN4, Moraes-Filho MN4, Bere-
zovsky A4, Belfort R Jr4, Montagna P1, Carelli
V1

1Dept of Neurological Sciences, University of Bologna,
Bologna, Italy;

2Dept of Ophthalmology, Doheny Eye Institute, Keck
School of Medicine, University of Southern California, Los
Angeles, CA, USA;

3Dept of Clinical Biochemistry, Bispebjerg Hospital, Uni-
versity of Copenhagen, Copenhagen, Denmark;

4Dept of Ophtalmology, Federal University of Sao Paulo,
Sao Paulo, Brazil

Purpose: To test the integrity of the retino-hypothalamic
tract (RHT), originating from the intrinsically photosensitive
melanopsin-containing retinal ganglion cells (m-RGCs) in
mitochondrial optic neuropathies (ON), which selectively
affect retinal ganglion cells (RGCs). Methods: Clinical ON
severity was determined by Optical Coherence Tomogra-
phy. Melatonin suppression test was performed in 5 Leber
hereditary optic neuropathy (LHON) and 4 dominant optic
atrophy (DOA) patients, and in 9 gender and age-matched
controls. We performed baseline and suppression night
tests, the latter using monochromatic (470 nm) blue light
between 1:30 and 3:30 AM. Melatonin was assayed by
radioimmunoassay on plasma samples collected hourly
from 12:30 PM to 3:30 AM. Immunohistochemistry was
carried out on serial retinal sections from post-mortem
eyes of two LHON and two control subjects. Human
melanopsin antibodies were used to identify and count m-
RGCs. Results: All patients had severe optic atrophy and
normal pupillary light reflex (PLR). A significant suppres-
sion of melatonin plasma levels by light was observed
both in control subjects (67+ 17%) and patients (LHON
65+25%; DOA 53+33%). The suppression score was not
statistically different among groups. m-RGCs in LHON
were relatively preserved compared to controls despite the
severe loss of total RGCs (98 and 75%, respectively).
Conclusions: We demonstrate in both hereditary ONs, a
substantial preservation of circadian photoreception and
PLR, which in LHON relates to sparing of m-RGCs. It re-
mains to be elucidated as to how m-RGCs are selectively
spared by mitochondrial neurodegeneration in these disor-
ders. Supported by Telethon grant GGP06233 to VC

Effects of feeding (time-scheduled vs random)
on daily rhythms of locomotor activity and
plasma cortisol and glucose in a teleost, the
gilthead seabream

Lopez-Olmeda JF, Sanchez-Ferez JA, Blanco-
Vives B, Montoya A, Sanchez-Garayzar AB,
Sanchez-Vazquez FJ

Department of Physiology, Faculty of Biology, University
of Murcia, Murcia, Spain

Purpose: Food is hardly available continuously in the wild
and so most animals show a wide variety of circadian
rhythms which can be entrained to feeding time. The aim

of this research was to study the influence of meal timing
on gilthead sea bream behavioral and plasma metabolic
and hormonal rhythms. Methods: Fish were subjected to
different feeding regimes: scheduled at ML or MD, ran-
dom, and restricted to a period of the day. Self-feeding
and locomotor activity, as well as plasma cortisol and glu-
cose were evaluated. Results: Scheduled-fed fish showed
an increase in locomotor activity, known as food anticipa-
tory activity (FAA), a few hours before mealtime. In addi-
tion, sea bream displayed dual behavior, with the animals
fed during the light phase being diurnal and the animals
fed during the dark phase nocturnal. The analyses of
plasma cortisol and glucose showed marked differences
between the groups, with the random feeding fish showing
much higher concentrations. Cortisol showed daily
rhythms which peaked at different times, depending on
the light and feeding schedule in animals under a re-
stricted phase of feeding. In animals fed daily at ML or at
MD, the acrophase of cortisol was shifted several hours,
synchronizing to the feeding cycle despite the lighting
conditions. Plasma glucose rose much higher after meals
in the random-fed group. Conclusions: Meal cycles en-
trained activity rhythms, with fish showing FAA, higher
growth performance and maintaining low levels of plasma
cortisol and glucose. The rhythm of cortisol, whose acro-
phase depends on the daily habits of the species studied
(diurnal or nocturnal), was shifted in the gilthead sea
bream by the mealtime. These results indicate cyclic feed-
ing may be beneficial for fish welfare, while chaotic feed-
ing regimes may lead to the loss of temporal integration
and stress.

Disrupted phagocytosis of retinal rod and cone
photoreceptors under constant light

Mehdi MKM, Hicks D

Département de Neurobiologie des Rythmes, CNRS UPR
3212, Université de Strasbourg, France

Purpose: To examine the effects of constant light upon the
amplitude and profile of rod and cone photoreceptor
phagocytosis. Methods: Two groups of adult A. ansorgei
were maintained under two light conditions, standard
12/12 light/dark (LD) cycle and constant light for 7 days.
After 7 days, retinas of animals were sampled every 3
hours (at zeitgeber time (ZT) 22, 1 and 4 for LD groups;
and corresponding circadian time, CT, 1, 4, 7, 10, 13, 16,
19, 22 for LL groups. Eyes were enucleated and fixed and
then were processed for double-label immunohistochemis-
try using rod- and mouse cone-specific antibodies
(directed against rhodopsin and cone MW opsin respec-
tively). The numbers of phagosomes in the retinal pigment
epithelium were quantified using a morphometric system.
Results: LD groups showed the expected large peak of
rod and cone phagocytosis at ZT1, but with a previously
unobserved non-uniform distribution: rod phagosome
numbers in peripheral retina were higher than central ret-
ina. Rod phagosome numbers exceeded those of cones
by about tenfold. LL groups showed scattered patterns of
low rod and cone phagosome numbers throughout the 24
hr period, with no evidence of a major peak in the subjec-
tive early morning. There was no obvious degeneration of
rods or cones (either cell loss or outer segment shorten-
ing) after extended continuous light exposure. Conclu-
sions: Prolonged (7 day) exposure to constant lighting
abolishes cyclic phagocytic activity in rods and cones, but
does not induce detectable damage to either photorecep-
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tor type. Thus constant light leads to retinal clock malfunc-
tion.

Comparative study on free-running locomotor
activity circadian rhythms in Brazilian subter-
ranean fishes with different degrees of spe-
cialization to the hypogean life (Teleostei:
Siluriformes. Characiformes)

Menna-Barreto L1, Trajano E2

1Escola de Artes, Ciéncias e Humanidades, Universidade
de S?0 Paulo, Brasil;

2Departamento de Zoologia, Instituto de Biociéncias,
Universidade de S?0 Paulo, Brasil

Purpose: Verify the presence of rhythmicity in the locomo-
tor activity in six species of cave-dwelling fishes present-
ing different degrees of specialization to subterranean life.
Methods: Locomotor activity was continuosly and auto-
matically recorded with infra-red light beams for ten con-
secutive days of individuals kept in constant darkness.
Results: Species tested show varied degrees of speciali-
zation to subterranean life and we found varying degrees
of the circadian components of locomotor activity as
measured by the periodogram algorhythm of Lomb-
Scargle. Conclusions: Both the presence and robustness
of the circadian components seem to vary according to the
degree of specialization to subterranean life, the more
specialized, the less circadian rhythmicity was detected.

Anticipation of two daily meals: circadian prop-
erties and neural correlates

Mistlberger RE, Kent BA, Weinberg A, Patton
DF

Simon Fraser University, Burnaby, BC, Canada

Purpose: The role of food as a ‘zeitgeber’ has been ex-
plored primarily by restricting food to a single daily meal.
This paradigm has revealed circadian properties of food
anticipatory rhythms, and the capacity for circadian func-
tion in the absence of the suprachiasmatic nucleus. How-
ever, natural environments presumably provide multiple
daily feeding opportunities. Rats can anticipate two daily
scheduled meals, which could involve multiple oscillators,
clock consultation, interval timing or some combination.
Experiments were conducted to assess the role of interval
timing in anticipation of a second daily meal, and neural
correlates of 2-meal anticipation at the level of cFos and
Perl expression. Methods: Male rats (n=16) were housed
in running wheel cages under LD 14:10. The rats were
food deprived for 34 h, then provided food (7 g) for 1 h
twice/day, beginning 3 h and 13 h after lights-on. The first
daily meal was omitted on day 13 of restricted feeding,
both meals were omitted on day 16 (with no light that day),
and the first meal was advanced by 3h on day 20. After
day 22, the rats were sacrificed and perfused in groups of
four at 4 time points. Results: All rats exhibited robust food
anticipatory wheel running prior to both meals, of similar
duration and magnitude. The timing of anticipatory activity
to the second meal was not affected by omitting or ad-
vancing the first meal, and neither bout of anticipation was
affected by omitting both meals for one day in constant
dark. Conclusions: These results indicate that rats do not
anticipate either of two daily meals by interval timers
(‘stopwatches’) reset each day by feeding or LD cues.

|
Whether anticipation of 2 meals is based on entrainment
of 2 oscillators, or a combination of entrainment and clock
consultation (discrimination of the phase of one entrained
oscillator) remains to be clarified. Neuronal mapping of
cFos and Perl expression will reveal whether 2-meal an-
ticipation is associated with unimodal or bimodal rhythms
at the cellular level.

Effects of evening exposure to polychromatic
white and blue-enriched light on the sleep and
wake EEG in healthy older adults

Munch M1, Scheuermaier KD1, Zhang R1,
Guzik A1, Silva EJ1, Ronda JM1, Duffy JF1

1 Division of Sleep Medicine, Brigham and Women's Hos-
pital, Harvard Medical School Boston, MA, USA

Purpose: Evening bright light exposure is reported to ame-
liorate age-related sleep complaints and daytime sleepi-
ness. We aimed to examine the impact of evening light
exposure and to compare two different light sources on
the sleep- and wake EEG. Methods: Ten healthy older
subjects (mean age=63.3 yrs; 6F) participated in a 13-day
study. Three baseline days were followed by a constant
posture (CP) in dim light to assess circadian phase. In the
evening of days 5 to 8, the subjects were exposed for 2h
to either polychromatic blue-enriched or white (4100Kk)
fluorescent light of the same photon densities (mean
1.048E+15photons/cm2/s). A second CP on day 9 was
followed by 3 more study days. Subjects were free to
leave the hospital during the daytime except on CP days.
EEG sleep recordings were visually scored according to
standard criteria. Artifact-free wake EEG recordings were
subjected to spectral analysis. Results: Wake EEG activity
in the alpha range between 9.75 and 11.25 Hz was signifi-
cantly higher during light exposures when compared to
dim light condition (p<0.05) without differences between
the light sources. Sleep latency was slightly longer in the
night after light exposures for both light groups (p<0.1)
and latency to REM sleep was significantly prolonged
(p<0.05). Slow wave sleep tended to be longer after the
white light exposures than to baseline. As reported else-
where, light exposure produced phase delays of similar
magnitude in both light groups. Conclusion: The evening
light exposure had small effects on both the wake EEG
and on sleep. We were unable to detect differences be-
tween the light sources, may be due to the small group
size.

Support: NIH RO1 grant AG06072 (to JFD). Fellowships from La-Roche
and Novartis Foundations (Switzerland) and Jazz Pharmaceuticals (USA)
to MM. NIH fellowships to KS: T32 HL07901-09 and F32 AG031690.
Lamps were provided by Philips Lighting B.V.

A fly's eye technology in the human retina

Mure LS1,2, Cornut PL1,2,3, Rieux C1,2,

Drouyer E1,2, Gronfier C1,2, Denis P1,2,3, Coo-
per HM1,2

1INSERM, U846, Stem Cell and Brain Research Institute,
Department of Chronobiology, Bron, France;

2University of Lyon, Lyon I, UMR-S 846, Lyon, France;
3Department of Ophthalmology, CHU de Lyon Hopital
Edouard Herriot, Lyon, France

Purpose: To explore the hypothesis that melanopsin’s
bistable properties observed both in vitro in human and
mouse melanopsin and in vivo in mouse are also ex-
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pressed in vivo in humans. Methods: We assayed the
pupillary light reflex (PLR) in humans as a tool and applied
a light stimulation strategy and mathematical models origi-
nally designed to demonstrate bistability and define pho-
topigment states in invertebrates. Results: We show that
the pupil only attains a fully stabilized state of constriction
after several minutes of light exposure, a feature that is
consistent with typical IRP photoequilibrium spectra. We
further demonstrate that previous exposure to long wave-
length light increases, while short wavelength light de-
creases, the amplitude of pupil constriction, a fundamental
property of IRP difference spectra. Modelling these re-
sponses to invertebrate photopigment templates yields
two putative spectra for the underlying R and M photopig-
ment states with peaks at 481 nm and 587 nm respec-
tively. Conclusions: These results suggest that the human
retina exploits fly-like photoreceptive mechanisms that are
potentially important for the modulation of non-visual re-
sponses to light and highlights the ubiquitous nature of
photoswitchable photosensors across living organisms.
Furthermore, this bistable mechanism may confer a novel
form of “photic memory” since information of prior light
conditions is retained and shapes subsequent responses
to light.

Diminished circadian sensitivity to light in the
elderly: aging of the ocular lens?

Najjar R1, Cornut PL1, 2, Denis P1, 2, Cooper
HM1, Gronfier C1

1Department of Chronobiology, INSERM U846, Bron,
France;

2Department of Ophthalmology, HEH, Lyon, France

Purpose: Aging is often associated with sleep and cir-
cadian rhythm disturbances that may result from inappro-
priate circadian entrainment related to impaired photic
input. Although decreased sensitivity of the circadian sys-
tem to short wavelength light (456 nm) has previously
been reported in the elderlyl, the origin of this diminished
circadian response remains unidentified. The aim of this
study is to investigate whether age-related changes in
circadian sensitivity to light are the consequence of an
increase in ocular lens density. Methods: Eight partici-
pants (55 to 63 years old) were exposed to 60-min of
monochromatic light at nine different wavelengths (420—
620 nm) of equal photon density (3.16 x 1013 photons/
cm2/sec). Plasma melatonin suppression, as an index of
circadian sensitivity to light, was compared across light
treatments. Photic sensitivity spectra were then estab-
lished for each subject. Lens density measurements were
assessed using a validated psychophysical technique that
eliminates the effects of inaccurate refractive correction
and misalignment, and avoids effects of pupil size on
measurements. Results: Compared to young subjects2,3,
our preliminary results in the elderly show a specific de-
crease in circadian sensitivity to short wavelength light (<
500 nm), but no change of sensitivity for long wave-
lengths. Lens density measurements show a relative de-
crease in transmittance of the aged ocular crystalline lens
for the same range of short wavelengths. Conclusions:
Taken together, our results suggest that a decreased ocu-
lar lens transmittance selectively reduces circadian sensi-
tivity to short-wavelength light in the elderly, and may con-
tribute to impaired sleep and circadian rhythms.

This work was supported by grants from FP6-EUCLOCK
|

References: 1Herljevic M et al. 2005, Exp. Gerontology, 40 : 237-
242 ; 2Brainard GC et al. 2001, J. Neurosci., 21(16) : 6405-
6412 ; 3Thapan K et al. 2001, J. Physiol., 535 : 261- 267

Non-visual responses to simultaneous short and
long wavelength monochromatic light in humans

Revell VL1, Papamichael C1, Barrett D1,
Schlangen LIM2, Skene DJ1

1Centre for Chronobiology, Faculty of Health and Medical
Sciences, University of Surrey, Guildford, Surrey, GU2
7XH, UK;

2Philips Lighting, Eindhoven, The Netherlands

Purpose: Pre-exposure to long wavelength red light has
been demonstrated to enhance non-visual responses to
subsequent short wavelength blue light exposure in mice
and this effect is proposed to arise from a long wavelength
sensitive photoreversal function of melanopsin. The aim
of the current study was to assess whether simultaneously
presenting long wavelength red light with blue light will
enhance non-visual responses to blue light in humans.
Methods: Young, healthy males (18 — 35 yrs) were studied
in a strictly controlled laboratory setting. Each study night
a 30 min light pulse was administered on the rising phase
of each individual's melatonin profile. Subjective mood
and alertness, heart rate and plasma melatonin levels
were assessed at regular intervals before, during and after
the light stimulus. Two different groups (Group A, n = 10;
Group B, n = 6) were exposed to two different sets of light
conditions consisting of single or simultaneous presenta-
tions of blue (?max 479 nm) and red (?max 627 nm)
monochromatic lights at varying intensities. Results:
Group A received photon matched light pulses (2.5 x 1013
photons/cm2/sec) of 479 and 627 nm light administered
singly and in combination (479 + 479 nm and 479 + 627
nm; 5 x 1013 photons/cm2/sec). Significantly lower mela-
tonin suppression was observed with 627 nm red light
compared to all other conditions (p < 0.0001); no other
significant differences were observed. Conclusion: Simul-
taneous presentation of equal photon density red and blue
monochromatic light failed to significantly enhance non-
visual responses to blue light at night in humans.

The compound eyes mediate appropriate en-
trainment of Drosophila’s circadian clock to
twilight and moonlit nights

Rieger D, Hofstetter E, Bleier T, Schlichting M,
Helfrich-Forster C

University of Regensburg, Institute of Zoology, Regens-
burg, Germany

Purpose: Fruit flies like to be active at dim light. If the
nights are enlightened by artificial moonlight, wild-type
flies become almost nocturnal (Bachleitner et al 2007,
PNAS 9, 3538-3543), and if they are offered 1,5h of dawn
and dusk they spend most activity around 5-10 lux during
the twilight phase (Rieger et al 2007, JBR 22, 387-399).
Eyeless flies do neither shift their activity into the night nor
into twilight, indicating that the compound eyes are impor-
tant to see dim light as well as the changes in light-
intensity during twilight. We wanted to reveal the photore-
ceptor cells that responsible for this sensitivity. Methods:
Wild-type flies and different photoreceptor mutants (clieya,
ninaE117e, sev311, rh5, rh6 and rh5;rh6 double mutants
and 3 different cryptochrome mutants) were recorded un-
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der rectangular 12:12 LD-cycles (at 10 to 10000 lux day-
light intensity) with or without moonlight during the night,
and under the same LD-cycles with simulated dawn and
dusk with or without moonlight. Peaks of morning (M) and
evening (E) activity were determined as well as mean ac-
tivity levels for the day, the night and the twilight phases.
Results: Except for the eyeless mutants, all mutants re-
sponded to twilight with a shift of M and E activity peaks
into twilight; but the phases of M and E peaks occurred at
higher twilight-intensities than in wild-type flies, indicating
that all photoreceptor cells interact in perceiving twilight.
rh5 and rh6 mutants as well as rh5;rh6 double mutants did
not respond at all to moonlight, suggesting that photore-
ceptor cell 8 plays an important role in the perception of
constant dim light.

Effect of lighting conditions on daily expression
of clock genes and clock controlled genes in rat
photoreceptors

Sandu C, Hicks D, Felder-Schmittbuhl MP

Department of Neurobiology of Rhythms, CNRS UPR
3212, Institute of Cellular and Integrative Neurosciences,
Strasbourg, France

Purpose: Identification of the clock genes expressed spe-
cifically in rat photoreceptors and investigation of their
daily expression patterns together with those from photo-
receptor-specific clock controlled genes under different
lighting conditions, in order to evaluate the existence of a
circadian clock in these specialized cells. Methods: To
investigate the expression of clock genes and clock con-
trolled genes, two groups of 6 week old Wistar rats were
housed under light/dark (LD) 12:12 and constant dark
(DD) conditions. Animals were sacrificed every 4 hours
during a 24h cycle and photoreceptor layers (97% rods)
were isolated from the retinas using a tangential vibratome
-based sectioning procedure. Circadian patterns in tran-
script levels of clock genes Clock, Bmall, Perl, Per2,
Cryl, Cry2, Rev-Erbalpha and Ror-beta and clock con-
trolled genes NAT, AC1, c-Fos, rhodopsin, Nrl, Crx, Crem
and recoverin were determined by quantitative real-time
PCR. Beta-actin and PDE-6beta were used as reference
genes for data normalization. Results: All tested clock
genes are expressed in the photoreceptor layer of rat ret-
ina and show statistically significant daily changes in their
transcript levels in LD conditions. In DD conditions, Cry2
and Ror-beta continue to show rhythmic expression. Clock
controlled genes also show rhythmic expression in LD and
similar patterns are retained in DD for NAT, c-Fos and
Crem. Conclusions: rat photoreceptors contain the core
clock genes of a circadian clock. Clock and clock con-
trolled genes display rhythmic expression in LD and only a
few of them show rhythmic patterns in constant dark, sug-
gesting that, at the global level of the photoreceptor layer,
lighting conditions critically affect the molecular clockwork
and its outputs.

Modelling the effects of prior light exposure
on melanopsin responses to light
Teikari P1,2, Mure LS1,2, Cooper HM1,2

1INSERM, U846, Stem Cell and Brain Research Institute,
Department of Chronobiology, Bron, France;

2University of Lyon, Lyon I, UMR-S 846, Lyon, France

Purpose: In bistable photopigment systems, light elicits

|
photosensory responses and drives photoregeneration of
the chromophore to restore photic responsiveness.
Melanopsin in the human retina has been shown to ex-
press bistable properties both in vitro and in vivo (Melyan
et al 2005; Mure et al, submitted). These studies have
shown that prior light exposure can modulate the ampli-
tude of subsequent photic responses of melanopsin. In the
present study, we attempt to model the capacity of the
melanopsin photopigment system to respond to light fol-
lowing adapting pre-exposures to different light sources.
Methods: We modelled the responses of the melanopsin
photopigment system based on data for the equilibrium
and difference spectra of melanopsin obtained by Mure et
al in our laboratory, from studies of the human pupillary
light reflex. Light spectra of broadband natural and artificial
light sources were used to generate prior light stimulations
to drive the melanopsin system to a defined state of equi-
librium. Theoretically, this corresponds to the proportions
of melanopsin isoforms in the 11-cis and all-trans retinal
bound states. Mono- or polychromatic spectral templates
were subsequently applied to examine the modulation of
photic responsiveness. Results: The results suggest that
prior exposure to light sources dominated by long wave-
length light increase the ability of the melanopsin system
to respond to subsequent light exposures, while light
sources dominated by shorter wavelength light decrease
the response. Exploiting the bistable properties of
melanopsin could allow for optimization of spectral light
distribution in industrial, domestic and clinical photother-
apy applications by appropriate use of the potentiating
effects of long wavelength light.

Development of daily body temperature and
locomotor activity pattern’s in newborn rabbits

Trejo L1, Hernandez-Campos O1, Carmona F1,
Montufar-Chaveznava R2, Caldelas

1Depto. Biologia Celular y Fisiologia, Instituto de Investi-
gaciones Biomédicas, Universidad Nacional Autbnoma de
México;

2 Instituto de Ciencia y Tecnologia del Distrito Federal,
México

Purpose: To characterize the development of the diurnal
pattern of the core body temperature and the locomotor
activity in European newborn rabbits Oryctolagus cunicu-
lus. Methods: The core body temperature and the locomo-
tor activity rhythms were simultaneously measured by
means of a telemetry system (VitalView, Respironics
Minimitter, USA). The study was performed in 10 newborn
rabbits from the postnatal day 2 (P2) to P15. The subjects
were kept under constant light conditions and were fed by
lactating does every 24hrs. The time series were pre-
processed and analyzed by Fourier transform to determine
the rhythm’s frequencies, mesor, acrophase, and nadir.
Results: In the body temperature the mesor was of
38.08+0.46°C, we observed a gradual rise in average tem-
perature, approximately of 1.1C during the first t wo weeks
of the newborn’s life. The Fourier analysis revealed that
ultradian frequencies decreased along the days and at the
same time the 24h frequency became the principal com-
ponent of the pattern. For the locomotor activity, the aver-
age activity was of 50.53+ 8.5 events per day, this aver-
age decreases with age to approximately 34.21 events per
day in P15. The Fourier analysis revealed a similar ten-
dency as the temperature, in which ultradian frequencies
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(1.5 and 2 hrs) of the locomotor activity pattern decreased
with age, and from P9-P15 the 24 hrs frequency became
the preeminent. Conclusions: The core body temperature
and the locomotor activity patterns, showed similar varia-
tions related to age, in particular changes in the amplitude
and in the frequencies of both rhythms. We observed that
from postnatal day 9, newborn rabbits displayed a diurnal
pattern with clear similarities to those previously described
adult rabbits.

Supported by CONACYT 48504/24865, DGAPA IN226107-3 and CONA-
CyT SNI/LIC 102087

Circadian and phototransduction components
are present in chicken retinal ganglion cells

Verra DM, Contin MA, Guido ME

CIQUIBIC (CONICET) Dept. of Biological Chemistry,
School of Chemical Sciences, National University of Cor-
doba, Coérdoba, Argentina

Purpose: To study the transcriptional pattern of elements
involved in the functioning of intrinsically photosensitive
retinal ganglion cells (ipRGCs) in chicks by investigating
the expression profiles of melanopsin genes (Opn4x and
Opn4m), and of key enzymes involved in melatonin syn-
thesis (AA-NAT, HIOMT). Methods: Disaggregated reti-
nas of chick embryos, from day 4 to 18 (E4 to E18) and
post hatching stages P5 and P10, were processed for
RNA extraction, RT-PCR and quantitative RT-PCR. Pri-
mary cultures of chicken RGCs were obtained at E8 by
anti-Thy-1 immunopanning. RGCs were kept under
12:12h LD cycles (cool bright light, 1200 lux) during 4
days, and at the 5th day were maintained in DD. AA-NAT
activity was measured according to Garbarino et al, 2004,
and immunocytochemistry performed with specific anti-
bodies. Results: During retinal development, we observed
early mRNA expression (E4) of transcription factors Pax6,
Brn3b but not CRX, together with Gg, Opn4m, and of en-
zymes for chromophore regeneration (RPE 65, RGR,
BCO). Expression of CRX, a-transducin G protein,
rhodopsin and red opsin started later (E8-E12). In primary
cultures of RGCs, Opn4x mRNA levels increased till day
5, then remained constant. HIOMT transcripts showed no
changes across time. Immunopanned embryonic RGCs
contained large numbers of Opn4x-immunopositive cells
(over 15%). After 4 days of synchronization under a
12:12h LD cycle, cultures in DD showed, a circadian pat-
tern of expression for both Opn4 isoforms, as well as for
AA-NAT and HIOMT, however AA-NAT activity did not
show significant variations along the day. A pulse of light
at ZT8 in DD decreased AA-NAT and Opn4x expression,
but increased HIOMT and Opn4m. Conclusions: In vivo
and in vitro, the chicken retina shows differential expres-
sion patterns for melanopsin and melatonin genes indicat-
ing that their expression is modulated by both a retinal
clock and the illumination conditions.

Influence of sleep homeostasis on clock related
gene expression in the forebrain of SCN /e-
sioned and intact mice

Bourgin P1,2, Stephenson K1,2 , Ruppert E1,
Hagiwara G2, Tsai J2, Liu L3, Jiang P3, Heller
HC2, O'Hara BF3, Franken P2,4

1linst Cellular & Integrative Neurosciences, University
Sleep Clinic, CNRS UPR 3212, Strasbourg, France;

2Dept of Biological Sciences, Stanford University, Stan-
ford, CA;

3Dept of Biology, Univ of Kentucky, Lexington, KY;

4Cntr for Integrative Genomics, Univ of Lausanne, Swit-
zerland

Purpose: Sleep is regulated by two main processes: cir-
cadian (C) and homeostatic(S). Process C depends on a
master pacemaker, the suprachiasmatic nucleus (SCN),
and its rhythmic expression of several clock genes, includ-
ing perl and per2. Recent reports of sleep alterations in
several different clock-gene KOs suggest an additional
role in homeostasis. This is consistent with our observa-
tions that perl,2 expression in extra-SCN regions increase
with wake and decrease with sleep. Methods: We used
RT PCR and in situ hybridization to observe perl,2 ex-
pression in the brains of SCN lesioned (SCNx) and rhyth-
mic (intact) mice. This was performed after a 6h sleep
deprivation (SD) at light onset, after 2h sleep rebound,
and in respective controls. We recorded sleep in SCNx
mice to assess how the circadian process affects homeo-
stasis. Results: Examinations verified the effects and size
of each lesion. EEG analysis showed that sleep homeo-
stasis is conserved in the absence of circadian drive as
compared with control (sham lesion) mice. We also ob-
served that SD elevated perl,2 cortical expression in
SCNx and intact mice. Higher perl,2 baseline levels dis-
played in SCNx mice are also consistent with the higher
day activity in these mice relative to controls. SD pro-
duced no change in expression of perl,2, within the SCN
consistent with the primary role in regulating circadian
timing. Conclusions: Our results show that sleep homeo-
stasis is preserved in mice without a functional SCN and
that clock-gene expression in extra-SCN brain regions are
also driven by sleep homeostasis.

Non-circadian effects of light on mood in mice

Hubbard J1, Stephenson K1, Delezie J1, Rup-
pert E1,Bourgin P1

linst Cellular & Integrative Neurosciences, University
Sleep Clinic, CNRS UPR 3212, Strasbourg, France

Purpose: Light stimulation plays a crucial role in the modu-
lation of mood, partially by way of melanopsin. A great
deal of research has been performed to demonstrate the
effect of light on circadian rhythms and the relationships
between circadian rhythms, alertness and depression.
However, the direct and indirect mechanisms of light's
influence on mood have yet to be determined. Our present
study took an exploratory approach to test the hypothesis
that light directly modulates mood in a non-circadian fash-
ion. We compared the effect of an increased daily expo-
sure to light on depression-like behaviors, in wild-type
mice with mice in normal control conditions. Methods: The
two photoperiod regimens were the standard 12L:12D as
a control, and a skeleton-scotoperiod 12L:2D:8L:2D. After
completion of the behavioral tests, mice were maintained
for 16 days in DD followed by 32 days in 12L:12D to con-
firm that the circadian drive was still intact and entrainable
by light. Behavior was evaluated by the Light-Dark Prefer-
ence Test (LDPT) and the Forced Swim Test (FST). Re-
sults: We observed that that the parameters tested in the
LDPT were not affected in the skeleton-scotoperiod con-
trary to the increased immobility time in the FST. Conclu-
sions: These preliminary results suggest that light affects
mood rather than anxiety in a direct, non-circadian fashion
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and will be further confirmed through a more extensive
and comprehensive set of behavioral tests. The validation
of our new experimental paradigm using excess light and
causing a minimal effect on the circadian rhythm will be
further explored in order to use it as a measure for ad-
dressing the direct influence of light on behavior.

The melanopsin-mediated direct effects of
light on sleep and alertness interact with the
circadian and homeostatic drive

Hubbard J1, Ruppert E1, Tsai J2, Hannibal J3,
Hagiwara G2, Colas D2, Heller HC2, Franken
P2,4, Bourgin P1,2

linst Cellular & Integrative Neurosciences, University
Sleep Clinic, CNRS UPR 3212, Strasbourg, France;

2Dept of Biological Sciences, Stanford University, CA;

3Dept of Clin Biochemistry, Rigshopitalet, Copenhagen,
Denmark; 4Cntr for Integrative Genomics, Univ of
Lausanne, Switzerland

Purpose: Light influences sleep and alertness either indi-
rectly through a well-characterized circadian pathway or
directly through poorly understood mechanisms. Melanop-
sin (Opn4) is a retinal photopigment crucial for conveying
non-visual light information to the brain. Methods: In vari-
ous light-dark regimens (including 12h:12h light-dark (LD),
single 1h L- or D-pulses during the 12h D- or 12h L-period,
respectively; and one day under short LD1h:1h cycles), we
analyzed sleep-wake time and the EEG in melanopsin-
deficient (Opn4-/- ) mice (n=10). Results: In contrast to
wild type, single light pulse failed to induce sleep in Opn4-/
- mice at this time of the day and the D-pulse-induced in-
crease in EEG theta and gamma activity (EEG correlates
of alertness and cognition) was delayed. Analysis of the
LD1h:1h cycle revealed that only in Opn4-/- mice the light
and dark effects greatly depended on circadian time. In
addition to these acute light effects, Opn4-/- mice slept 1h
less during the 12h L-phase. Despite this reduction in
sleep time, EEG delta activity, a marker of sleep need,
was decreased in Opn4-/- mice for most of the (subjective)
D-period and the level of delta power reached after 6h
sleep deprivation was significantly lower in Opn4—/— mice.
This indicates that lack of melanopsin alters sleep homeo-
stasis. Conclusions: The findings that melanopsin-
mediated direct effects of light, the circadian drive and
sleep homeostasis interact together to determine the tim-
ing and quality of sleep and waking. This calls for a re-
evaluation of the role of light on human behavior and per-
formance.

Light induces c-FOS expression in the SCN and
the VLPO

Ruppert E1, Hannibal J2, Tsai J3, Hagiwara G3,
Heller HC3, Franken P3,4, Bourgin P1,3
linst Cellular & Integrative Neurosciences, University
Sleep Clinic, CNRS UPR 3212, Strasbourg, France;
2Dept of Clin Biochemistry, Rigshopitalet, Copenhagen,
Denmark;
3Dept of Biological Sciences, Stanford University, Stan-
ford, CA; 4Cntr for Integrative Genomics, Univ of
Lausanne, Switzerland

Purpose: Melanopsin, a photopigment involved in light
absorption and irradiance level detection, is located in

|
retinal ganglion cells (RGCs). Melanopsin is required, in
particular, for the light-resetting of the biological clock
through innervation to the suprachiasmatic nucleus (SCN).
Conversely, the pathways by which these RGCs exert a
direct influence on sleep and alertness remain poorly un-
derstood. The ventrolateral preoptic area (VLPO), a struc-
ture in the hypothalamus, where >50% of galanincontain-
ing (GAL) neurons express c-fos during sleep, is targeted
by melanopsinergic fibers. We hypothesize that these
RGCs convey light information to “VLPO galanin sleep
promoting neurons”, affecting sleep and waking independ-
ently of the circadian drive. Methods: We performed
Galanin ISH and c-Fos immunostaining on brain sections
in mice lacking melanopsin (Opn4-/- ). The animals were
sacrificed after a 1h light exposure. Results: Light induced
c-FOS immunoreactivity in the SCN of both genotypes but
was 2-fold smaller in Opn4-/- mice. This has been linked
to a reduced ability to phase shift circadian rhythms in
mice though does not rule out the possibility that reduced
activation of SCN neurons could also contribute to the
direct effects of light on sleep and waking. While overall c-
FOS immunoreactivity in the VLPO area was not affected
by the light pulse, the number of GAL neurons co-
expressing c-FOS significantly increased compared to
control conditions in Opn4+/+ mice. In Opn4-/- mice the
induction of c-FOS in galaninergic neurons was absent.
Conclusions: This suggests that melanopsin RGCs light in
night-active species directly impinges on VLPO sleep-
active neurons, resulting in an inhibition of arousal sys-
tems.

Suppression of SCN electrical activity during
brief episodes of behavioural activity in mice.

Van Oosterhout F, Lucassen E, Houben T, Van-
derleest HT, Meijer JH

Laboratory for Neurophysiology, Department of Molecular
Cell Biology, Leiden University Medical Center, Leiden,
The Netherlands

Purpose Behavioural activity influences the circadian
pacemaker of the hypothalamic SCN. Here we investigate
the relationship between type and intensity of spontane-
ous behavioural activity and SCN neuronal discharge lev-
els in mice. Methods We performed in vivo electrical activ-
ity recordings in the SCN of freely moving mice and simul-
taneously measured the animal’s behavioural activity pro-
file by passive infrared detection and infrared video cam-
era recordings. Video images allowed us to discriminate
between different types of behavioural activity, the most
important ones being locomotor activity, resting, drinking,
eating and grooming, and to distinguish three levels of
intensity of the behaviour. Analyses of electrical activity of
SCN subpopulations were performed offline. Results Our
results indicate that brief episodes of behavioural activity
are related to acutely decreased SCN neuronal activity
levels. The neuronal suppressions show similar character-
istics at different phases of the circadian cycle. Impor-
tantly, the magnitude of the suppression does not depend
on the type or on the intensity of behaviour. Behavioural
activity appeared to affect specific populations of neurons
within the SCN. Conclusions We propose that the ob-
served inhibitions reflect hyperpolarisations of SCN neu-
rons, brought about by input from afferent pathways on
subpopulations of the SCN. The amplitude of the SCN
electrical activity is boosted by the presence of behav-
ioural activity during the animal’s active phase. These find-
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ings may be relevant for reduced rhythm amplitudes in the
elderly

3. SUPRACHIASMATIC NUCLEI, PACEMAK-
ERS, CLOCKS AND PERIPHERAL OSCILLA-
TORS

Modeling of the generalized photic perturba-
tion

Asakawa T1, Koinuma S2, Nagano M2, Shige-
yoshi Y2

1System Technologies Laboratories, SONY Corporation,

2Department of Anatomy and Neurobiology, School of
Medicine, Kinki University, Japan

Purpose: The suprachiasmatic nucleus (SCN) is the mam-
malian circadian center. The effect of the short-term light
pulse in the SCN has been demonstrated in the phase
response curve (PRC) and light exposure longer than 6
hours during the night also causes distinct phase-
dependent phase responses (Comas et al. 2006). Further,
an abrupt shift of LD cycle that causes a jet lag syndrome
is associated with desynchronization of ventrolateral
(VLSCN) and dorsomedial region of the SCN (DMSCN)
(Nagano et al. 2003). In the present study, we propose a
novel mathematical model that unifies the short- and long-
term photic perturbation to the SCN. Method: We made a
mathematical model that fits to the phase shift generated
by both short-term and long-term light exposure. Assum-
ing two different oscillators in VLSCN and DMSCN, we
constructed the model of connected oscillators, of which
parameters were determined by the phase responses
after abrupt shifts of light:dark cycle, long-term or short-
term light pulses. To examine the model, we irradiated the
light to Wistar rats for three to twelve hours and assessed
whether they produce the predicted phase responses.
Result: The present mathematical model predicts the
phase behavior of the circadian clock generated by short
and long-term pulses. The validity of the model was con-
firmed in the experiments using rats. Conclusions: We
constructed a model that offers a unified insight to the
effects of light on the circadian center.

Lifelong consequences of early postnatal light
environment

Canal MM

Faculty of Life Sciences, University of Manchester, Man-
chester, UK

Purpose: To examine whether early light experience has
long-lasting effects on the brain master clock. Methods:
Three groups of mice were reared under constant light
(LL), constant darkness (DD) or light-dark cycles (LD)
during the first 3 neonatal weeks. On postnatal day 21
(P21), all mice were weaned and transferred first to LL for
2 weeks, and then to LD until the end of the experiment.
Locomotor activity was recorded throughout the experi-
ment using infrared activity meters. At P50, brains were
collected and immunohistochemistry was used to detect
expression of arginine vasopressin (AVP), vasoactive in-
testinal polypeptide (VIP) and glial fibrillary acidic protein
(GFAP) in the suprachiasmatic nuclei (SCN) of the hypo-
thalamus. Results: In LL, LL-reared mice showed shorter
free-running period and higher amplitude in the circadian

rhythm of locomotor activity, compared to LD- and DD-
reared mice. In LD, LL-reared mice also showed higher
amplitude activity rhythm, with an earlier acrophase, and
higher activity levels during the active phase. In the SCN,
LL-reared mice had lower levels of AVP and VIP immuno-
reactivity, compared to LD- and DD-reared mice. Although
GFAP-immunoreactivity was also lowest in the LL-reared
group, the number of GFAP-positive cells was highest in
this group, suggesting structural remodelling of SCN as-
trocytes by early light experience. Conclusions: Postnatal
light environment has long-term effects on the expression
of the mouse locomotor activity rhythm, and also on neu-
ronal and glial cell populations of the SCN. We argue that
these neurochemical and structural alterations may affect
clock function, which may in turn modify animal’s behav-
iour.

Heterogeneity in phase and period across the
three dimensions of the SCN

Davidson AJ1, Castanon-Cervantes O1, Leise
T2, Evans J1

1Morehouse School of Medicine, Atlanta, GA, USA,;
2Amherst College, Amherst, MA, USA

Purpose: The mammalian pacemaker in the suprachias-
matic nucleus (SCN) contains thousands of neural oscilla-
tors, with the majority of neurons capable of sustaining cell
-autonomous rhythms of clock gene expression and elec-
trical firing. A critical question for understanding pace-
maker function is how individual oscillators are organized
as a coherent tissue coordinating precise rhythms in be-
havior and physiology. Recent work suggests that the
SCN is organized topographically into dorsal and ventral
subregions that differ in phase and period, indicating func-
tional heterogeneity across the oscillator population. How-
ever, in each study to date only a small proportion of the
SCN has been examined and across studies discrepan-
cies exist in SCN spatiotemporal organization. Methods:
Here we undertake a comprehensive analysis of rhythmic
gene expression (Per2:Luciferase) across the entire ex-
tent of the SCN using a newly developed Multi-position
Automated Bioluminescence Imaging (MABI) approach.
44 coronal brain slices representing 4 rostro-caudal por-
tions of the nucleus were recorded for 7 days, then ana-
lyzed to identify consistent patterns of phase and period in
three dimensions Results: We find regional differences in
phase and period across all three dimensions of the SCN.
The consistency of these patterns across individuals and
across planes of section suggests that the precise phas-
ing of oscillators within the SCN is an important pace-
maker feature. Conclusions: The present results under-
score the sophistication of spatiotemporal organization
within the pacemaker and suggest new directions for ex-
ploring its basis and function.

Histological organization and distribution of
neuropeptides in the suprachiasmatic nucleus of
the camel (Camelus dromedarius)

El Allali K1,2, Achaaban MR1, Piro M1, Bothorel
B2, Lakhdar-Ghazal N3, Errami M4, Calas A5,
Pévet P2

1Comparative Anatomy Unit, Hassan Il Agronomy and
Veterinary Institute, Rabat, Morocco;

2Neurobiology of Rhythms, INCI, Strasbourg University,

(Suite page 164)

Décembre 2009



164

(Suite de la page 163)
Strasbourg, France;

3Groupe of Research on Biological Rhythms, FSR, Mo-
hammed V University, Rabat, Morocco;

4FS, Abdelmalek Essaadi University, Tétouan, Morocco;
5Neurocentre Magendie, University Bordeaux 2, France

Purpose: To study the histological organization and neu-
ropeptides cartography of the suprachiasmatic nucleus
(SCN) in the camel. Methods: Classical histology and
immunofluorescence were used on hypothalamic speci-
mens obtained from fixed brains of slaughtered dromedar-
ies. Paraffin embedded sections (n=15) were stained with
hematoxylin-eosine, toluidine blue and cresyl violet. Fro-
zen sections (n=21) were processed by immunofluores-
cence for vasopressin (AVP), oxytocin (OT), vasoactive
intestinal peptide (VIP), tyrosine-hydroxylase (TH), met-
enkephalin (Met-enk), galanin (GAL), neuropeptide Y
(NPY) and serotonin (5-HT). Results: The camel SCN
extended behind the optic chiasm and could be divided
into 3 parts: rostral (rSCN), mean body (MSCN) and retro-
chiasmatic (reSCN). The nucleus started rostrally with an
extra-hypothalamic neuronal population surrounding the
supraoptic recess of the 3rd ventricle. In addition to the
majority of parvocellular neurons, some magnocellular
ones were present in the ventral part. Very strongly immu-
noreactive (IR) TH neurons were present in the SCN: a
parvocellular population dorsally or centrally located and a
magnocellular population ventrally. OT-IR neurones oc-
curred in the mSCN. AVP-IR neurons were located dor-
sally in the rSCN while in the mSCN, they first appeared
ventrally and then moved in the dorsal part where they
surrounded a VIP-IR neuronal population. VIP was also
present in neurons of the rSCN, colocalized with TH.
Moreover, few Met-enk-IR magnocellular neurons were
present while no neurons IR for GAL, NPY nor 5-HT were
observed. Finally, a high density of Met-enk and NPY-IR
fibers was found. Conclusion: The anatomy and organiza-
tion of the camel SCN are different from those of other
mammalian species. The presence of OT and TH sug-
gests specific roles in the modulation of the biological
clock function in this species.

Rhythmic expression of clock genes can be
driven by one meal in the liver but not in the
central nervous system of goldfish (Carassius
auratus)

Feliciano A, Vivas Y, Velarde E, Azpeleta C,
de Pedro N, Alonso-Gomez AL, Delgado MJ,
Isorna E

Departamento de Fisiologia (Fisiologia Animal II), Facul-
tad de Biologia, Universidad Complutense, Madrid, Spain

Purpose: The purpose of this work was to investigate the
possible synchronization by meal time of certain central
and peripheral biological clocks in the goldfish. Methods:
Fish (~7 g bw) maintained under continuous light (24L)
were divided into three groups (n=30/group). First and
second groups of animals were daily fed at 10 a.m. and 10
p.m., respectively, and the third group was fed at random
times during 30 days. Daily motor activity was registered
throughout experiment. Fish were sacrificed during a 24
hours cycle (each 6 hours). Clock gene expression (perl,
per2, per3, cryl, cry2 and cry3) in the optic tectum and
liver was measured by Real Time PCR. Results: As ex-
pected, the locomotor activity of goldfish was clearly syn-

|
chronized by feeding time in both groups with food deliv-
ered at 10 a.m. and 10 p.m., while randomly fed fish pre-
sented a continuous locomotor activity pattern throughout
24h. The expression of perl, per2, per3 and cry3 in the
optic tectum, exhibited significant daily rhythms in the ani-
mals fed at 10 a.m. and 10 p.m., with a 12-h delay in the
acrophase between them. No significant rhythms were
detected in the optic tectum of randomly fed fish. How-
ever, in the liver most of the clock genes studied pre-
sented significant daily rhythms in phase in the three ex-
perimental groups (in relation to the time of the last meal).
Conclusion: In the absence of the photoperiodic signal
(24L), a constant feeding time is necessary and enough to
maintain the rhythmic expression of clock genes in the
optic tectum of goldfish, as well as the daily rhythms of
motor activity. By contrast, such schedule feeding time is
not necessary to maintain the rhythmic expression of clock
genes in the liver, suggesting that the daily rhythm of clock
genes in this organ only depends on the last meal time.

Rhythmic Swi/Snf chromatin remodelling cofac-
tors underlie circadian transcription of the
prolactin gene in a pituitary cell line

Francois-Bellan AM1, Guillaumond F2, Boyer
B1, Guillen S1, Kuhn L3, Garin J3, Belghazi M4,
Bosler O1, Becquet D1, Franc JL1

1CRN2M, UMR 6231 CNRS-Université Aix-Marseille I, 11,
Marseille ;

2CNRS FRE 3094, Université de Nice-Sophia Antipolis,
Nice ;

3Plateforme EDyP-Service, Grenaoble ; 4 Centre d’Analy-
se Protéomique, IFR Jean-Roche Marseille

Purpose : Individual mammotropes contain an endoge-
nous timing system responsible for oscillations of the
prolactin (PRL) gene, a clock-controlled gene (CCG) that
nevertheless lacks the canonical E-box response ele-
ments necessary for direct circadian regulation. The pre-
sent study was undertaken to better characterize the spe-
cific molecular processes underlying these oscillations.
Methods: Stably transfected GH4C1 pituitary cells ex-
pressing the luciferase reporter gene under the control of
the human PRL promoter were developed and the binding
sites responsible for circadian oscillations were identified
by mutagenesis. Their endogenous ligands were charac-
terized by bioinformatic, DNA affinity capture followed by
mass spectrometry (MS) or western blot, EMSA, and ChIP
analysis. Results: Circadian oscillations in PRL promoter
activity were dependent both on a non-canonical E Box
and on one of the two Pit 1 binding sites present in this
promoter (P2). The endogenous ligand of the E Box was
identified as the helicase-like transcription factor (HLTF), a
protein of the Swi/Snf chromatin remodelling complexes.
HLTF controlled PRL promoter activity by regulating Pit 1
effects on P2. Neither HLTF nor Pit 1 exhibited a circadian
expression pattern. Some of the major HLTF partners
identified by MS (sfpg, RBM14, p54nrb and hnRNP U)
displayed a rhythmic expression pattern in the mouse pi-
tuitary, with a peak preceeding by 2 hours that of PRL.
Conclusions: The mechanism described here for PRL os-
cillations, which involves recruitment and assembly of a
rhythmic cofactor allowing chromatin remodelling, could be
used by the core oscillator to generate circadian pattern of
CCGs lacking the canonical E-box response element.
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Ontogeny of central and peripheral circadian
oscillators in chicken

Herichova I, Szantéova K, MonoSikova J, Ze-
man M

Department of Animal Physiology and Ethology, Faculty of
Natural Sciences, Comenius University Bratislava, Slova-
kia
Purpose: The avian circadian system develops prenatally.
The aim of our research was to analyze ontogeny of cen-
tral and peripheral oscillators in chicken. Together with
clock gene expression and melatonin levels, responsive-
ness to light pulses and persistance was monitored. Meth-
ods: Hatching eggs of broiler breeders were incubated in
the light (L):dark (D) cycle 12:12 provided by the white
fluorescent tube that produced illumination in the range of
40-80 lux at the level of the eggs. After hatching, chicks
were kept in a brooder room with the same LD cycle as in
the incubator. After RNA isolation, cDNA was synthesized
and gene expression measured by real time PCR. Mela-
tonin was measured by RIA. Results: In the embryonic
pineal gland expression of Per2 and E4bp4 was rhythmic
under LD conditions, but the rhythm of E4bp4 mRNA did
not persist in constant darkness. Per2 expression and
melatonin synthesis were light responsive during the sub-
jective day. In the heart and liver expression of Per2 and
Bmall was rhythmic in 4-day old chicks. Expression of
Per2 in the liver was light inducible. Prenatally we did not
observe daily rhythms in Per2 and Bmall expression in
peripheral tissues. Expression of Per2 in the liver was not
responsive to the light pulse. Conclusions: We suppose
that rhythm in Per2 expression in the pineal gland is a
consequence of synchronizing effect of the LD cycle
sensed by the embryo. Absence of Per2 rhythmicity in
peripheral tissues can reflect developmental stage of em-
bryo or missing internal synchronizing cues. The central
part of the circadian system is operating earlier than pe-
ripheral. Signal transduction between components of the
circadian system is limited in chicken prenatally. Our data
implicate an advanced stage of development of peripheral
oscillators during the last third of incubation and prompt
functioning of the circadian system after hatching.

Supported by: APVV-0214-07, VEGA 1/4328/07, VEGA 1/4343/07

Does the extended amygdala contain autono-
mous circadian oscillators?

Hughes ATL, Guilding C, Schmitt L, Piggins HD
Faculty of Life Sciences, University of Manchester, UK

Purpose: To determine the presence and circadian prop-
erties of autonomous circadian oscillators in nuclei of the
extended amygdala complex. Methods: Coronal brain
slice cultures were made from either the central nucleus of
the amygdala (CeA), basolateral nucleus of the amygdala
(BLA) or oval nucleus of the bed nucleus of the stria termi-
nalis (ov-BNST) from adult male mPer2::luc mice. PER2
driven luminescence expression was either tracked using
photomultiplier tube assemblies (PMTSs) or visualised on a
highly sensitive Olympus LV200 luminescence micro-
scope using photovideomicroscopy. Results: Brain slice
cultures from the CeA expressed a single peak in PER2
expression which diminished to background levels after
approximately 24h in vitro. Once damped, PER2 expres-
sion in the CeA could not be induced by treatment with
corticosterone or dexamethasone, potent activators of
|

glucocorticoid receptors. Similarly, forskolin, an activator
of adenylate cyclase signalling failed to restart damped
PER2 expression. No endogenously driven expression of
PER2 was detected in isolated cultures of either ov-BNST
or BLA, and PER2 could not be induced in cultures from
either area with dexamethasone, corticosterone or forsko-
lin. Conclusions: A number of recent in vivo studies have
reported rhythmic expression of the core molecular clock
component PER2 in the CeA, BLA and ov-BNST, raising
the intriguing possibility that these areas contain circadian
oscillators. In this study we isolated cultured samples of
these amygdala nuclei from extraneous inputs to test for
autonomous circadian function. We demonstrate that
none of these nuclei of the extended amygdala contain
autonomous circadian oscillators and conclude that rhyth-
mic activity in vivo must be wholly driven by inputs from
other brain areas or systemic signals.

Experimental design for the analysis of retina
clock in explants from Perl-luciferase rats:
analysis of entrainment and clock localization

Jaeger C, Sandu C, Hicks D, Felder-
Schmittbuhl MP

Département Neurobiologie des Rythmes, Institut des
Neurosciences Cellulaires et Intégratives, UPR3212
CNRS, Université de Strasbourg, Strasbourg, France

Purpose: to optimize culture conditions for retinal explants,
to monitor real-time Perl oscillations and to use this ex-
perimental design for the study of clock localization and
entrainment. Methods: retinas were dissected from Per1-
luc rats housed under a daily LD12/12 cycle, and mounted
on tissue culture filters around ZT12 to be cultured during
24h on Neurobasal-A medium (37T, 5% CO2). At CT12
of the second day explants were transferred onto 199
medium in sealed dishes for another 24h (36<C). 199 me-
dium was renewed 24h later (CT12) and Beetle luciferin
(0.1mM) added before starting 5-7 day recordings in the
LumiCycle (36%C). Effect of the light/dark cycle was as-
sessed by superimposing 48h of LD 12/12 on the first
steps of this protocol. Effects of cAMP pathway stimulation
was analysed by adding a 1-h incubation with 10uM for-
skolin immediately before the start of luminescence re-
cordings. As a first step towards the localization of the
clock, retinas were cut horizontally inside the outer plexi-
form layer by vibratome slicing, and photoreceptor layers
and inner retinas were cultured as previously in the Lumi-
Cycle. Results: Our Neurobasal A/199 medium-based
protocol was found the only condition in which sustained
luminescence oscillations could be observed in whole
retina explants. Exposure of explants to a LD 12/12 cycle
faintly synchronized the cultures, whereas forskolin treat-
ment induced strong synchronization with a significant
reduction of the period. Horizontal slices of the retina dis-
played robust oscillations in case of the inner retina but
none in case of photoreceptor layers. Conclusion: we de-
signed a powerful method to analyze the retina clock in
Perl-luc rats that will prove useful for further understand-
ing of its localization and dissection of entrainment mecha-
nisms.

Clock gene expression in the mouse hijppocam-
pus is altered in Perl-/- mice

Jilg A1, Lesny S1, Dehghani F2, Stehle JH1
linstitute of Cellular and Molecular Anatomy,
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2Institute of Experimental Neurobiology, Dr. Senckenber-
gische Anatomie, Goethe-University, Frankfurt, Germany

Purpose: Core clock genes, namely mPerl/PER1, mPer2/
PER2, mCryl, mCry2/CRY2, mClock/CLOCK, and
mBmall/BMAL1 were analyzed for spatial and temporal
diurnal dynamics in the hippocampus of WT and Perl-/-
mice. Methods: WT and Perl-/- mice were housed under a
12-hour light/dark cycle. For mRNA studies total mRNA
was isolated from the whole hippocampus and processed
for real-time PCR using clock gene specific primer. For
protein studies, brains were processed for immunohisto-
chemistry and immunofluorescence using clock gene spe-
cific and cell type specific antibodies. Results: The mRNA
of investigated core clock genes, as detected by real-time
PCR in hippocampal extracts, exhibit a rhythmic expres-
sion in a time-locked fashion in WT and Perl-/- mice over
a diurnal day-night cycle. All investigated core clock genes
protein products could be observed in the cell nuclei of the
Stratum pyramidale and the Stratum granulosum of the
hippocampal formation of WT and of Perl-/- mice. Immu-
nohistochemical co-labeling investigations revealed clock
gene protein expression exclusively in hippocampal neu-
rons, including parvalbumine positive interneurons, but not
in glia cells. In the hippocampus of WT mice, a diurnal
rhythm in protein expression was detected. In Perl-/-
mice, protein rhythms of PER2, CRY2, CLOCK and
BMAL1 were greatly altered. Conclusions: Here presented
data show a time-of-day-dependent rhythmic expression
of clock genes and their corresponding protein products in
hippocampal neurons of WT mice. The loss of Perl se-
verely affects the coordinated clock gene expression in the
hippocampus, implicating a trigger function for this clock
gene in time-dependent mnemonic processes.

Supported by the Paul und Ursula Klein-Stiftung Frankfurt

Role of Perl in synaptic plasticity and memory
formation in the hippocampus of mice

Jilg A1, Schwegler H2, Stehle JH1

linstitute of Cellular and Molecular Anatomy, Dr. Senck-
enbergische Anatomie, Goethe-University, Frankfurt, Ger-
many;

2Institute of Anatomy, University of Magdeburg, Magde-
burg, Germany

Purpose: We wished to analyze the impact of the Perl
gene for hippocampal learning and memory formation and
to quest for molecules of time-dependent mnemonic proc-
esses that are affected in Perl-deficient (Perl-/-) animals.
Methods: WT and Perl-/- mice were housed under a 12-
hour light/dark cycle. Mice were tested in an eight-arm
radial arm maze test and subsequently scarified 2 and 4 h
after end of trial on day 1 and day 5 in order to analyse
hippocampal expression of learning associated proteins
(ARC, Synaptopodin, PKCZeta, pHistonH3). Results: Dur-
ing the first 2 days of habituation, both, Perl-/- and WT
mice showed similar performance. During consecutive
trials (days 3-5), Perl-/- mice exhibit a higher number of
repeated arm re-entries (errors), compared to WT mice.
On day 1 and day 5 of the spatial learning test, in both,
Perl-/- and WT mice, Western blot analyses of hippocam-
pal extracts showed an increase in ARC and PKCZeta
protein amount 2 hours after the eight-arm radial arm
maze test. In contrast, 2 h after the eight-arm radial arm
maze test on day 1 and day 5 the amount of Synaptopodin

|
protein was significantly reduced in the hippocampus of
Perl-/- mice, whereas a constitutively high amount of Syn-
aptopodin protein was present in the hippocampus of WT
mice. Conclusions: In the eight-arm radial arm maze test
Perl-/- mice show an affected food rewarded spatial learn-
ing behaviour as compared to WT siblings. The also ob-
served differences in hippocampal Synaptopodin protein
amount after the spatial learning task in Perl-/- mice as
compared to WT suggests an involvement of this clock
gene in cytoskeleton-associated synaptic plasticity.

Supported by the Paul und Ursula Klein-Stiftung Frankfurt

Evidence for a testicular clock in Djungarian
hamsters (Phodopus sungorus)

Klose M, Grote K, Lerchl A

School of Engineering and Science, Jacobs University
Bremen, Bremen, Germany

Purpose: To investigate the duration of the cycle of the
seminiferous epithelium in hamsters under photoperiods
with shortened of prolonged day lengths. Methods: Adult
male Djungarian hamsters (n = 20 per group) were ex-
posed to day lengths of 24 hrs (16L:8D), 23 hrs (16L:7D),
or 25 hrs (16L:9D), for 43 days. Entrainment to the photo-
periods was verified individually by passive infrared detec-
tors. After a single injection of bromodeoxyuridin (BrdU) on
experimental day 35, subgroups of hamsters (n = 10) were
sacrificed 3 hrs, and 8 days 3 hrs after injection. Immuno-
cytochemical localization of BrdU-labeled cells and micro-
scopical identification of stages of the testicular cells in the
seminiferous tubuli was performed to calculate the dura-
tion of the cell cycle. In addition, another experiment was
performed to investigate the diurnal variations of expres-
sion of haBmall and haPerl in testes. To this end, ham-
sters (n = 4 per group) were sacrificed every 3 hrs during
24 hrs. Results: The vast majority (15) of animals were
entrained to the 23 hrs day lengths, but only 6 animals of
the 25 hrs group. The duration of the cycle of the seminif-
erous epithelium was not different between the groups
despite small variations within the groups. The expression
patterns of haPerl and haBmall showed significant diur-
nal variations. Conclusions: The well known precision and
very low variability of the duration of the cycle of the
seminiferous epithelium is not dependent on the exoge-
nous day length and probably a result of diurnal expres-
sion patterns of clock genes, indicating the existence of a
testicular clock with widespread implications for the under-
standing of testicular cell maturation.

Electrophysiological heterogeneity of glycine
responses in neurons of the mouse suprachias-
matic nucleus

Mordel J1,2,3, Inyushkin Al1,2, Karnas D1,2,3,
Meissl H1,2, Pévet P2,3

1Dept. of Neuroanatomy, Max Planck Institute for Brain
Research, Frankfurt/M, Germany;

2European Laboratory for Circadian Research (LEA
CNRS-ULP-MPG No0.367), Strasbourg and Frankfurt/M;

3institute for Cellular and Integrative Neuroscience,
UPR3212 CNRS, Université de Strasbourg, Strasbourg,
France

Purpose: To analyze the role of glycine in resetting the
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mammalian circadian clock. Methods: Organotypic hypo-
thalamic slices from wild type (C57bl/6) and knock-out
mice lacking one subunit of glycine receptor (GlyRal-/-,
GlyRa2-/- and GlyRa3-/-) were prepared and cultured for
several weeks on Millicell-CM culture inserts before ex-
tracellular recordings of SCN neuronal activity were per-
formed using high density multimicroelectrode arrays
(MEA). Glycine and/or strychnine, a selective blocker of
glycine receptor, were applied using an autosampler and
their short-term effects on firing rate as well as on the
phase of the rhythm were determined. In addition, voltage-
clamp recordings were performed on acute SCN slices
from 3 weeks old wild-type and knock-out mice in order to
characterize the effects of glycine and its agonists, taurine
and R-alanine on membrane currents. Results: Patch
clamp recordings revealed that glycine evokes dose-
dependently an outward current at a holding potential of 0
mV. In many SCN neurons this current can be fully
blocked by the glycine receptor antagonist strychnine.
MEA recordings showed that glycine can also enhance
the firing rate of SCN neurons by 30 %, an action which
could be attributable to the binding of glycine on NMDA
receptors. Long term recordings revealed that glycine can
phase-shift the circadian rhythm in firing rate of SCN neu-
rons depending on the time of application, i.e. a phase
advance during subjective day, and a delay during the
early subjective night (CT 16). Conclusions: Our results
suggest that glycine modulates SCN neuronal activity by
two pathways, a potentiation of NMDA receptor activity, as
well as a binding to its specific glycine receptors.

Orexin A modulates neuronal activity in the
SCN in vitro

Mordel J1,2,3, Klisch C1, Inyushkin AN2, Kar-
nas D1,2, Pévet P2,3, Meissl H1,2

1 Max Planck Institute for Brain Research, Frankfurt, Ger-
many;

2European Laboratory for Circadian Research (LEA
CNRS-ULP-MPG No0.367), Strasbourg and Frankfurt;

3institute for Cellular and Integrative Neurosciences,
UPR3212 CNRS, Université de Strasbourg, Strasbourg,
France

Purpose: To examine the involvement of orexin in the
regulation of the mammalian circadian clock. Methods:
Voltage clamp recordings were performed on acute SCN
slices from 3 weeks old rats and effects of different con-
centrations of orexin A on the frequency of spontaneous
inhibitory postsynaptic currents (IPSCs) were analysed in
the presence or absence of tetrodotoxin (TTX). Addition-
ally, long-term recordings of the firing rate in primary cell
cultures of the rat SCN and in organotypic SCN slices
prepared from 2 to 6 days old C57BL/6 mice were carried
out using multielectrode arrays (MEA). Results: Whole-cell
patch clamp experiments revealed that orexin A caused
significant changes in IPSCs frequency in a reversible
manner without showing effects on the mean amplitude or
decay time constant. Different concentrations of orexin A
altered the frequency of IPSCs in up to 67% of SCN cells
recorded. Low concentrations of orexin evoked an in-
crease of sIPSCs, whereas the highest concentration (250
nM) caused predominantly a decrease of sIPSCs. The
effects of orexin A on IPSCs were prevented by the orexin
-1 receptor antagonist SB 334867 and also reduced in the
presence of TTX. Multielectrode array (MEA) recordings

from dispersed SCN neurons revealed that orexin A dose-
dependently enhanced extracellularly recorded neuronal
activity of many neurons (38%), while other neurons were
inhibited (28%). Long-term recordings of extracellular ac-
tivity in organotypic slices gave evidence of a phase shift-
ing effect of orexin A. When applied just before the daily
peak of spike rate, orexin A induced a phase-advance of
the circadian rhythm. Conclusion: Our data show that
orexin A may have a direct effect on SCN neurons and
modulates inhibitory synaptic transmission between SCN
neurons.

Rhythmic intestinal drug elimination via ABC
transporters: a potential determinant of anti-
cancer drugs chronopharmacology

Okyar A1,3, Filipski E1, Dulong S1, Ahowesso
C1, Li XM1, Fernandez S2, Delaunay F2, Lévi F1

1INSERM, U776 “Rythmes biologiques et cancers” and
Université Paris Sud XI, Hopital Paul Brousse, Villejuif,
94807, France;

2Université de Nice-Sophia Antipolis and CNRS FRE
3094, 06108 Nice, France;

3lstanbul University Faculty of Pharmacy, Department of
Pharmacology, 34116, Istanbul, Turkey

Purpose: In order to determine mRNA expression rhythm
of ATP-binding cassette (ABC) transporters in the intesti-
nal segments in mice. Methods: Twenty-four hour rhythms
were investigated for the mRNA gene expression of P-gp
(abcbla, abcblb), mrpl (abccl) and mrp2 (abcc2) in co-
lon and ileum mucosae of ?B6D2F1 mice, synchronized to
standard lighting conditions (LD12:12). Gene expression
was determined with quantitative PCR at 6 circadian
times, with ZTO and ZT12 corresponding to light and dark
onsets respectively. Results: Abccl varied ~2.5 fold in
ileum (p<0.02) and colon (p<0.01) along the 24 h, with
coincident maxima near ZT20, according to cosinor analy-
sis. Abcbla varied ~3-fold in ileum (p=0.02) and ~10-fold
in colon (p<0.001) along the 24 h, with coincident maxima
near ZT15. Abcc2 transcription was also largely rhythmic
in ileum, with a ~3-fold circadian variation (p = 0.003), but
this was not the case in colon. Conversely, Abcblb was
rhythmic in colon (p=0.02), but not in ileum. Conclusions:
ABC drug transporters display large rhythmic changes in
intestinal segments, with tissue specificity. Rhythms in
ABC transporters could account for 24-h changes in me-
tabolism and intestinal toxicities of anticancer drugs. The
relevance of these findings needs further assessment with
correlative functional studies.

Supported by the EU through TEMPO (LSHG-ct-2006-037543) and by
TUBITAK (grant to AO)

Analysis of subregion-specific hippocampal gene
expression using laser microdissection

Peruzki N, Jilg A, Stehle JH

Institute of Cellular and Molecular Anatomy, Dr. Sencken-
bergische Anatomie, Goethe-University, Frankfurt, Ger-
many

Purpose: To further dissect gene expression in hippocam-
pal subregions of the hippocampus of WT and Perl-/-
mice, laser microdissection (LMD) and quantitative real-
time PCR was introduced. Methods: WT and Perl-/- mice
were housed under a 12-hour light/dark cycle. In cryostat-
cut hippocampal slices (12um) the individual hippocampal
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subregions CA1l, CA3, and Gyrus dentatus were sepa-
rated using a LMD system. Total mRNA, extracted from
whole hippocampus and form individual subregions was
isolated and processed for real-time PCR, using validated
gene specific primer pairs. Results: High quality mRNA
could be extracted form pooled tissue pieces of individual
subfields. The amount of real-time PCR amplified cDNA
for clock genes Perl, Per2, Cryl, Cry2, Clock, and Bmall
did not differ between hippocampal subfields. This vali-
dated technique is now applied to a comparative analysis
of various plasticity-relevant genes that were detected to
be differentially expressed in the hippocampus of WT and
Perl-/- mice in a microarray analysis. Conclusions: Pre-
sented data demonstrate that the combination of LMD with
subsequent real-time PCR can be reliably used to investi-
gate endogenous or induced dynamics in (clock-) gene
expression in hippocampal subfields. Results show further
that a prior toluidine blue staining for topographical orien-
tation during the LMD process does not affect mRNA qual-
ity. Furthermore, we were able to confirm that the quantity
of the isolated RNA is not affected by the LMD procedure
and that the amount of the received RNA is linearly related
to the size of the dissected tissue. Our preliminary results
provide the basis for further analyses of dynamics in quan-
tity of molecules, relevant for hippocampal plasticity. In
particular, the technique allows deciphering dynamics in
clock gene expression in hippocampal subfields.

Supported by the Forderfond of the Goethe-University
Phasing of circadian rhythms along the rat gut

Polidarova L1, Sotak M2, Sladek M1, Pacha J2,
Sumova Al

1Neurohumoral Regulations

2Epithelial Physiology, Institute of Physiology., Academy
of Sciences of the Czech Republic, Prague, Czech Repub-
lic

Purpose: Recently, circadian clocks in the rat and mice
digestive system were discovered. The aim of the study
was to ascertain whether circadian clocks within the indi-
vidual parts of the gut are synchronized, or whether there
is a difference in their circadian phases. Next aim was to
determine the circadian phases in the expression of the
cell cycle regulator Weel in the duodenum and the distal
colon. Methods: Adult rats were maintained under regime
with 12 h of light and 12 h of darkness (LD 12:12). On the
day of the experiment, rats were released into constant
darkness and sampled every 4 h throughout the whole
circadian cycle. In a separate experiment, rats were sam-
pled every 1 h during the light phase of the LD cycle. Daily
expression profiles of clock genes Perl, Per2, Bmall, Rev
-erb-a, Clock, Cryl and clock-controlled gene Weel were
examined by real-time RT-PCR quantification within the
epithelium of the duodenum, jejunum, ileum and distal
colon. Results: Perl, Per2, Bmall, Rev-erb-a genes were
expressed rhythmically within the epithelium in all studied
parts of the gut. Comparison of clock gene expression
rhythms revealed differences in their phases, such that the
rhythms in the duodenum were phase-advanced to those
in the distal colon. Also, Weel expression exhibited cir-
cadian rhythm within the duodenum and distal colon and
showed similar cranio-caudal gradient in phasing of its
rhythmical expression. Conclusions: Our data demonstrate
that individual parts of the gastrointestinal tract have their
own circadian clock and these clocks are synchronized
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with a phase-delay along the cranio-caudal axis. More-
over, they support the view that the individual circadian
clocks may control the timing of cell division cycle within
different regions of the gut.

VIP-VPACZ signalling is not essential for cir-
cadian rhythms in behaviour

Samuels RE, Piggins HD

Faculty of Life Sciences, University of Manchester, Man-
chester, UK M13 9PT

Purpose: To determine the combined effect of genetic
deletion of vasoactive intestinal polypeptide and its recep-
tor, VPAC2, (VIP-/- x Vipr2-/-) on mouse behavioural
rhythms. Methods: Wild-type control (WT) and VIP-/- x
Vipr2-/- mice were housed in running-wheel equipped
cages and locomotor and drinking rhythms under 12h:12h
light-dark conditions assessed before transfer into con-
stant darkness (DD1). After 14 days in DD1, wheels were
locked for 18h/day, thereby restricting voluntary exercise
to a scheduled 6h/day for 21 days. Subsequently, the
wheel was unlocked and the free-running rhythms deter-
mined over the next 14-day period (DD2). Results: In light-
dark conditions, all mice showed apparent 24h rhythms in
wheel-running and drinking behaviour. In DD1, all 12 WT
mice were strongly rhythmic period (~23.7h), whereas VIP
-/- x Vipr2-/- showed a range of behavioural rhythms with
12/18 showing a single rhythmic component (~22.3h) of
modest power and 6/18 weakly rhythmic with multiple low
power components. Under scheduled voluntary exercise,
the drinking rhythm of WT mice did not entrain to the op-
portunity to exercise, whereas within 7 days, 80% of the
VIP-/- x Vipr2-/- mice synchronized drinking activity to the
daily unlocking of the wheel. Following the wheel-locking
regime, in DD2, all WT free-ran with a similar period as
seen in DD1. VIP-/- x Vipr2-/- mice began their free-
running locomotor activity from the time of wheel unlocking
and now 15/18 animals were rhythmic with a significantly
longer period than that seen in DD1 (24.1h vs 22.3h).
Conclusion: These data demonstrate that in the absence
of VIP-VPAC2 signalling, mice can sustain ~22.3h
rhythms that are readily altered by a 24h non-photic Zeit-
geber. Neither VIP nor or its receptor are essential for the
expression of circadian rhythms in behaviour, but their
absence enhances responsiveness to Zeitgebers such as
scheduled voluntary exercise.

Is clock gene Period! involved in NOGO-
mediated plasticity in the mouse hijppocampus?

Utech L, Jilg A, Maronde E, Rami A, Peruzki N,
Stehle JH

Cellular and Molecular Anatomy, Goethe-University Frank-
furt, Germany

Purpose: The temporal gating of hippocampal mnemonic
processes is severely affected by deletion of the clock
gene Periodl (Perl). Hippocampal plasticity is associated
with the differential expression of genes, involved in struc-
tural re-organisation of neurons and neuronal connectivity.

Methods: Using comparative microarray analyses of
cDNA, extracted from whole hippocampus of wildtype
(WT) and Perl-/- mice, we detected a dramatic expression
difference in NOGO (RETICULON4), namely a 9-fold up-
regulation in the knockout animals. Expression profile of
NOGO was compared in hippocampal extracts and in pri-
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mary hippocampal neuronal cultures derived from WT and
Perl-/- mice, using immunoblot and immunohistochemical
analyses. Results: Western blot analyses extend the pres-
ence of NOGO mRNA in the hippocampus of WT animals
as found in the microarray to the protein level. In primary
hippocampal neurons of Perl-/- mice, NOGO protein
abundance is constitutively elevated as compared to WT
animals. Stimulation of primary hippocampal neurons with
BDNF, a central plasticity-related neurotransmitter, or the
enhancer of intracellular cAMP, Forskolin, or with Rolip-
ram, a phosphodiesterase inhibitor that prevents cAMP
degradation, resulted in a NOGO up-regulation in WT cul-
tures only. Conclusion: NOGO, expressed in oligodendro-
cytes and in neurons, functions as an inhibitor of the
growth of axons and dendrites of neurons. We suggest
that the elevated expression of NOGO in Perl-/- mice is a
possible mechanism that is associated with the observed
learning deficits in these knockout animals.

Supported by the Forderfond of the Goethe-University Frankfurt

4. THE MULTI-OSCILLATORY NATURE OF
THE CIRCADIAN NETWORK

Characterization of circadian clock genes ex-
pression in the anterior pituitary gland

Bur IM, Bonnefont X

linstitut de Génomique Fonctionnelle, CNRS UMR5203,
INSERM U661, Université de Montpellier, Montpellier,
France

Purpose: To characterize the circadian clock of the pitui-
tary gland and explore its regulation by light and feeding
cues. Methods: Mice were kept under three different
photoperiods (12L:12D, 8L:16D or 16L:8D). Pituitary
glands were then collected at various time points and
processed for real-time quantitative PCR or immunohisto-
fluorescence. Results: All the main circadian clock genes
are expressed in the gland. Under 12L:12D, the daily pro-
files of expression in the gland are identical to the tempo-
ral patterns observed in the liver from the same mice.
Double detection by immunofluorescence of the PER2
protein and pituitary secretory products reveals that clock
cells of the gland are all synchronized, whatever their hor-
monal content. Interestingly, the amplitude of the PER2
rhythm is larger in ACTH-containing cells than in other
endocrine pituitary cells. Under long and short photo-
periods, the amplitude of Per2 and Bmall expression is
severely reduced in the pituitary gland. In contrast, no
change in amplitude is noted in the liver, but both rhythms
appear phase-locked to the light-dark transition, suggest-
ing that the onset of feeding activity is the main zeitgeber
of the liver clock under these conditions, whereas light
and feeding may act as competing cues in the pituitary. To
address this question, we imposed daytime or night time
restricted feeding (DRF and NRF, respectively) to mice
under 12L:12D. NRF had no impact on the daily expres-
sion of clock genes in the pituitary gland, as compared to
mice fed ad libitum, whereas DRF induced a dramatic
decrease in the amplitude of the Bmall and Per2 rhythms.
Importantly, these almost flat profiles contrast with the
inverted rhythms reported for other peripheral organs un-
der DRF conditions. Conclusions: The expression of cir-
cadian clock genes in endocrine pituitary cells is under the
combined influence of light cycle and food intake. The
gland may thus be an integrating centre of the circadian

system.

Rhythm of proton pump activity in Drosophila
melanogaster male reproductive system

Majewska M, Joachimiak E, Cymborowski B,
Bebas P

Department of Animal Physiology, Faculty of Biology,
Warsaw University, Warsaw, Poland

Purpose: Characterization of H+-ATPase expression and
function in the male reproductive tract of fruit fly. Methods:
Expression level of gene coding B subunit of H+-ATPase
was analyzed by qRT-PCR and changes of corresponding
B protein were determined by Western blot. To character-
ize functions of the peripheral oscillator in proton pump
regulation the seminal vesicles (SV) from wild type flies
(CS) and clock mutant flies per0 were cultured in vitro and
daily profile of the culture medium pH was determined
using calorimetric assay. Results: No rhythmic changes of
B subunit transcript level in seminal vesicles of CS flies
were observed. However the B protein expression analy-
sis revealed robust rhythm with peak during light and
through during dark phases respectively. In per0 mutant
flies both: transcript and protein levels changed daily. The
intraluminal pH of seminal vesicles from CS males in LD
conditions reaches highest level during dark phase and
lowest at night. Similar pattern was observed when insects
were kept for 6 days in constant darkness and described
rhythm was completely abolished when flies were ex-
posed to continuous light. Conclusions: Our data provide
new insights into the function of peripheral clocks present
in male reproductive tract of fruit fly which influences semi-
nal vesicles milieu probably by regulation of H+-ATPase
expression and activity.

Supported by MNiSZW-N300306831/2338

Differential effects of a restricted feeding
schedule on clock gene expression in the hypo-
thalamus of the rat

Mifiana-Solis MC1, Angeles-Castellanos M1,
Feillet C2, 3, Pévet P2, Challet E2, Escobar C1

1Departamento de Anatomia, Facultad de Medicina
UNAM D. F. 04510;

2Institut de Neurosciences Cellulaires et Intégratives,
Département de Neurobiologie des Rythmes, CNRS UPR-
3212, Université de Strasbourg, France;

3Department of Medicine, Division of Biochemistry, Uni-
versity of Fribourg, Switzerland

Purpose: To determine whether restricted feeding sched-
ules (RFS) affect the hypothalamic daily rhythm of clock
genes. Methods: Wistar rats kept in a light/dark cycle
(12:12 h), were fed ad libitum (C) or entrained to RFS with
food available for 2 h daily (ZT6-ZT8) during three weeks.
Rats were decapitated every 3h starting at ZTO (lights on)
and were processed with in situ hybridization. Results: For
Perl, RFS induce a phase advance in the suprachias-
matic nucleus (SCN) and induced a rhythm in the arcuate
(ARC) and dorsomedial (DMH) nuclei anticipating food
access (ZT6) while it remained unaffected in the ven-
tromedial (VMH) and paraventricular (PVN) nuclei. The
Per2 daily rhythm was not affected by RFS in the SCN
and ARC nuclei whereas it was down-regulated in the
DMH and VMH. In the PVN, a peak of Per2 expression
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was induced 6h after food access. The daily expression in
hypothalamic nuclei of Bmall was not significantly modi-
fied by RFS. Conclusions: Present data indicate that RFS
affect differentially clock gene response in hypothalamic
nuclei and highlight the SCN, ARC and DMH as relevant
structures for anticipation and the PVN as a responding
structure to meal time.

Funding by ECOS NORD-CONACYT M04S02 and CONACyYT 43950-M

Phase resetting relies on rapid shifts of a
small sub-population of ventral SCN neurons

Rohling JHT, vanderLeest HT, Michel S, Van-
steensel MJ, Meijer JH

Department of Molecular Cell Biology, Laboratory for Neu-
rophysiology, Leiden University Medical Centre, Leiden,
the Netherlands

Purpose: We provide a quantitative analysis of the bi-
modal electrical activity pattern observed in electrical ac-
tivity recordings following a 6 hour delay of the light-dark
cycle. Methods: Wildtype Wistar rats were exposed to a 6
h delay of the light cycle. Next, hypothalamic slices were
prepared, and recordings of electrical impulse frequency
with stationary electrodes were performed. The resulting
bimodal activity records were analyzed using different
computational methods, including curve fitting analysis,
subpopulation analysis and simulation studies. Results:
About 60% of the recordings showed a bimodal pattern.
Analysis of the bimodal activity records shows that the
unshifted component is relatively broad (6.1 + 1.6 h) and
the shifted component more narrow (2.3 + 1.3 h). Curve
fitting analysis showed that the number of action potentials
that contribute to the shifted component is about 20-30 %
of those that contribute to the unshifted component. Sub-
population analysis confirmed these findings, and showed
strong synchronization in peak phase in the shifted com-
ponent but not in the unshifted component. Conclusions:
Phase resetting is brought about by an instant shift of a
surprisingly small number of SCN neurons. The phase of
these neurons becomes highly synchronized to the new
light-dark cycle.

Quantitative methods for circadian system
analysis based on data mining and novel ro-
bustness measures

Santos R1, Renz M1, Bernecker T1, Mendoza
E3,4, Kriegel HP1, Roenneberg T2

linstitute of Informatics, LMU Munich, Germany;
2Institute of Medical Psychology, LMU Munich, Germany;

3Faculty of Physics & Center for NanoScience, LMU Mu-
nich, Germany,

4Department of Computer Science, University of the Phil-
ippines Diliman, Q.C.

Purpose: The development of new quantitative methods
for studying circadian rhythms through the application of
data mining techniques and novel robustness measures
and the validation of the methods using time series data
from Neurospora crassa experiments. Methods: Feature
extraction, a dimensionality reduction technique in data
mining, can be used to analyze circadian time series data
based on extracted features such as period, phase and
amplitude. The extracted features are then used as pa-
rameters for the functions measuring properties such as

|
similarity of circadian behavior of different strains. The
novel robustness measures use the general approach to
biological robustness of H. Kitano, which attempts to
quantify system robustness in terms of perturbations and
their probabilities. Results: Data from an extensive set of
experiments on Neurospora crassa where three variables
are changed systematically: (1) cycle length, (2) photope-
riod and (3) free-running period (FRP), was used to study
various properties of circadian rhythms. Feature Sequence
Analysis, which studies variations from one cycle to the
next, provided particularly interesting results. The robust-
ness measure, which used specific perturbations on cycle
length and photoperiod, reflected strain-specific patterns
as the length of day was varied. Conclusions: Quantitative
methods based on data mining techniques such as Fea-
ture Sequence Analysis and the stated novel measure of
robustness are suitable methods for analyzing circadian
rhythms. Validation using the N. crassa time series data
show biologically relevant results and interesting circadian
properties.

Phase shifting capacity of the circadian pace-
maker determined by the SCN neuronal net-
work organization

VanderLeest HT, Rohling JHT, Michel S, Meijer
JH

Laboratory for Neurophysiology, Department of Molecular
Cell Biology, Leiden University Medical Center, Leiden,
the Netherlands

Purpose: The amplitude of phase shifts depends strongly
on the photoperiod to which animals are exposed. The
purpose of this study was to provide an explanation for
this phenomenon. Methods: We entrained C57 mice to
long and short days and recorded running wheel activity.
After at least 30 days in the photoperiod the animals were
transferred to darkness and on day 4 they were used for
behavioral and electrophysiological experiments. Light
pulses were given to construct a Phase Response Curve
for long and short day length. NMDA was applied to inves-
tigate phase responsiveness in SCN slices. Result: We
observed large behavioral phase shifts in animals from
short day length and small phase shifts in animals from
long day length. We further investigated whether these
responses were intrinsic to the SCN by recordings of brain
slices. Application of NMDA induced an increment in elec-
trical activity that was not significantly different in the slices
from long and short photoperiods. However, these re-
sponses led to large phase shifts in slices from short days
and small phase shifts in slices from long days. Analysis of
neuronal subpopulation activity revealed that in short days
the amplitude of the rhythm was larger than in long days.
Conclusions: The data indicate that the photoperiodic de-
pendent phase responses are intrinsic to the SCN. We
observed large phase shifting responses in high amplitude
rhythms in slices from short days, and small shifts in low
amplitude rhythms in slices from long days, in contrast to
earlier predictions from limit cycle theory. We propose that
synchronization among SCN neurons determines the
phase shifting capacity of the circadian system.

5. OUTPUT PATHWAYS OF THE MAIN CIR-
CADIAN CLOCK

The rat fetal heart is a peripheral circadian
clock
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Abarzua-Catalan L1, Méndez N1, Vilches N1,

Valenzuela GJ2, Seron-Ferre M1-3,
Torres-Farfan C1

1Programa de Fisiopatologia, ICBM, Facultad de Medi-
cina, Universidad de Chile, Santiago.

2Women's Health, Arrowhead Regional Medical Center,
Colton, CA.

3Universidad de Tarapacd, Arica, Chile

In altricial species, like rats, overt circadian rhythms of
several physiological variables start postnatally. In the
fetal rat, SCN neurogenesis is completed close to birth
and oscillatory expression of clock genes and metabolic
activity is present at 20 days of gestation. However recent
evidence supports the presence of circadian rhythms in
the rat fetus at early gestational ages. Indeed we found
that the rat fetal heart presents rhythmic expression of
clock genes in vivo at 18 days of gestational age. Pur-
pose: To explore the intrinsic oscillation of Per2 and
Bmall in the fetal heart in vitro. Methods: Pregnant rats
(n=12) were euthanized at 20-24h at 18 days of gesta-
tional age by thiopental overdose. Fetal hearts were dis-
sected, pooled in 30 ml DMEM-F12 and pre-incubated by
6h at 37<C. Then 3 hearts per well were incubated i n tripli-
cate for 27hrs. Hearts were collected every 4 hrs for 27
hrs, starting at 0800h. RNA was extracted using a com-
mercial kit and the expression of the clock genes Per2 and
Bmall, Mt1l melatonin receptor and glucocorticoid receptor
(GR) were measured by real time-PCR. Results: We
found in fetal heart in culture an oscillatory expression of
Bmall and Perl with acrophases at 2000h and at 0400h,
respectively. Expression of Mtl and glucocorticoid recep-
tors was maintained without significant oscillation.

Conclusions: Our results showed an intrinsic oscillation of
clock gene expression in fetal heart in vitro. Our data sup-
port that fetal heart is a functional peripheral clock, inde-
pendent of the fetal SCN oscillation. The expression of
MT1 and glucocorticoid receptors suggests that in vivo the
fetal heart circadian rhythm of clock gene expression is
synchronized by maternal melatonin or fetal glucocorti-
coids.

Support: Fondecyt 1080649

Early circadian expression of Mt1 melatonin
receptor and clock genes in fetal rat organs

Mendez N1, Abarzua-Catalan L1, Seron-Ferre
M1-2, Torres-Farfan C1

1Programa de Fisiopatologia, ICBM, Facultad de Medi-
cina, Universidad de Chile, Santiago, Chile;

2Universidad de Tarapaca, Arica, Chile

Purpose: To study the ontogeny of circadian rhythms in
fetal rat organs. Methods: Pregnant females (n=3-4/clock
time) were euthanized at 16 and 18 days of pregnancy by
thiopental overdose at 8-12-16-20-24-04 hrs. A maternal
blood sample was collected to measure melatonin by RIA.
Fetuses (n=9/clock time) were delivered by histerotomy.
At 16 days, the head (whole fetal central nervous system)
and the body (peripheral tissues) were separated. At 18
days, the size of the fetus allowed dissection of liver,
heart, adrenal and placenta. Tissues were preserved in
Trizol until RNA extraction using a commercial kit
(Promega). In each fetal compartment/tissue we meas-
ured expression of the clock genes Per2 and Bmall and
|

Mt1 melatonin receptor by real time PCR. Results: Plasma
maternal melatonin presented a circadian rhythm that did
not vary with the gestational age with maximal plasma
concentration between 2000-0400 h. At 16 days, the clock
genes Bmall and Per2 showed an oscillatory expression
in head and body, with a maximal expression (acrophase)
for Bmall at 04-08 hrs and for Per2 at 16-20h. At 18 days
we found that heart, adrenal and placenta showed oscilla-
tory expression of Bmall (acrophases between 20-04)
and Per2 (acrophases between 08-12h). Mtl melatonin
receptor oscillated at both gestational ages. At 18 days of
gestation, the acrophases occur at day time (08-16), op-
posite to the maternal plasma melatonin rhythm. Clock
genes and Mtl were lower in the liver than in other tis-
sues, and as reported by others we did not detect 24-h
oscillation. Conclusions: These data suggest an early co-
ordinated clock gene oscillation in fetal rat tissues before
the fetal SCN starts to oscillate. The presence of a phase
delay of the clock genes in the fetus respect to the data
available in adult SCN as well as early oscillatory expres-
sion of MT1 is consistent with the hypothesis that fetal
organs may be peripheral clocks to the dam SCN.

Support: Fondecyt-1080649

6. DIURNALITY VERSUS NOCTURNALITY

Spawning rhythms in fish: is the time of day
important?

Oliveira C, Blanco-Vives B, Villamizar N., San-
chez-Vazquez FJ

Department of Physiology, Faculty of Biology, University
of Murcia, Campus de Espinardo, Murcia, Spain

Purpose: To investigate the existence, endogenous con-
trol and main synchronizers of daily spawning rhythms in
four teleost species (Senegal sole, Solea senegalensis,
Gilthead sea bream, Sparus aurata, European sea bass,
Dicentrarchus labrax, and Zebrafish, Danio rerio). Meth-
ods: Eggs were collected hourly using an autonomous,
programmable egg-collector to identify the time of day
each species preferred to spawn. Furthermore, shifted
photoperiods and constant lighting conditions were ap-
plied to study the resynchronization of the rhythm and its
endogenous origin, respectively. Results: All four species
presented marked daily spawning rhythms, with different
times of spawning depending on each pattern of behavior.
Nocturnal fish such as Senegal sole and European sea
bass spawned at night, sole during the first dark hours
and sea bass slightly later. Dual and diurnal species, such
as gilthead sea bream started to spawn in the late after-
noon, while zebrafish spawned early in the morning. After
shifting the LD cycle, both Senegal sole and gilthead sea
bream gradually resynchronized their daily spawning
rhythms. When fish were subjected to LL conditions, the
spawning rhythm persisted during 2 days in Senegal sole
and free-run (t = 22.3 h) during several days in zebrafish.
Conclusions: Fish did not spawn equally at any time of
day: according to each species’s behavior, fish spawned
during daytime or at night. Such a daily spawning rhythms
was strongly entrained by light, but had an endogenous
control.

Internal temporal order in a dual phasing ro-
dent, the Octodon degus

Otalora-Bafio B, Vivanco P, Madariaga AM,
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Rol MA, Madrid JA

Department of Physiology, Faculty of Biology, University of
Murcia, Murcian, Spain

Purpose: Octodon degus is a dual phasing rodent which
has the ability to switch from diurnal to nocturnal activity
under laboratory conditions in response to wheel running
availability. Daily rhythms on different physiological vari-
ables have been widely described; however, no studies
have been conducted in dual phasing species such as
degus. This species can help us to know whether a com-
plete temporal order inversion, in parallel to that observed
in activity pattern, occurs. The present study aims to deter-
mine day-night differences in 27 variables depending on
degus chronotypes, either diurnal or nocturnal. Methods: A
total of 28 males degus (26-32 months old), 17 diurnal and
11 nocturnal, were individually housed with free wheel
running access under LD 12:12 cycle. Wheel running ac-
tivity and body temperature rhythms were recorded
throughout the experiment. Melatonin, total antioxidant
capacity, haematological and biochemical variables were
determined in blood samples obtained every six hours (ZT
1, ZT 7, ZT 13 and ZT 19). Results: Although wheel run-
ning activity and temperature rhythms switch to a noctur-
nal chronotype, most variables remained unchanged when
compared to diurnal chronotype. Differences between
chronotypes were only found in melatonin rhythm, urea
blood levels and lymphocyte number at mid-light. Conclu-
sions: It has been demonstrated that the internal temporal
order of a dual phasing mammal does not show a com-
plete inversion in accordance to its activity and body tem-
perature pattern. Thus, switching mechanism seems to be
located downstream from the pacemaker.

Funded by Seneca Foundation (PI1/05700/07), by the Instituto de Salud
Carlos Il (RETICEF, RD06/0013/0019), and by the Ministry of Education
and Science (BFU2007-60658/BFI) and the Research fellowship to BB
Otalora (AP2006-04117)

Nitrogen and protein content analysis of human
milk, diurnality vs. nocturnality

Sanchez-Lopez CL1, Hernandez A2, Toribio
AF3, Cubero J1, Rodriguez AB1, Rivero M4, Bar-
riga C1

1Department of Physiology, Faculty of Sciences, Univer-
sity of Extremadura, Badajoz, Spain;

2Department of Nutrition and Bromathology, College of
Agricultural Engineering, University of Extremadura, Bada-
joz, Spain;

3Department of Analytical Chemistry, University of Extre-
madura, Badajoz, Spain;

4Scientific Division Manager, Ordesa Group, Barcelona,
Spain

Purpose: To determine the effect of diurnality or nocturnal-
ity on nitrogen and protein content of the breast milk.
Methods: We collected human milk samples from health
mothers living throughout Community of Extremadura
(Spain) from January 2008 to December 2008 with less
than two months of lactation. We divided the samples in
three groups: calostral group (1-5 days postpartum), tran-
sitional group (6-15 days postpartum) and mature group
(>15 days postpartum). All samples were stored in a
freezer at -80°C. We considered as day period between
08:00-20:00h and night period 20:00-08:00h. Analysis of
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the human milk samples was based on the Kjeldahl
method. Protein contents were calculated from total nitro-
gen x 6.38. The statistical analysis of the data was de-
scriptive (mean + standard deviation) and inferential (T-
Student test) Results: No differences (P>0.05) were found
to exist among the contents of individual human milk sam-
ples. The mean contents of each component were as fol-
lows: Total nitrogen of calostral, transitional and mature
group was 0,30 + 0,06 g/dl (night period), 0,29 + 0,05 g/dI
(day period); 0,26 + 0,04 g/dl (night period), 0,25 + 0,04 g/
dl (day period); 0,21 + 0,04 g/dl (night period), 0,19 + 0,03
g/dl (day period) respectively. Protein content of calostral,
transitional and mature group was 1,92 + 0,4 g/dl (night
period), 1,84 + 0,3 g/dl (day period); 1,65 + 0,4 g/dI (night
period), 1,62 + 0,4 g/dl (day period); 1,34 + 0,3 g/dI (night
period), 1,26 + 0,2 g/dl (day period) respectively. Conclu-
sion: Although we observed differences in the nitrogen
and protein content during the individual stages of lacta-
tion, in this population of lactating women, none of the
components analyzed varied significantly between day
and night.

Nocturnalism induced by high environmental
temperature during the photophase in the diur-
nal Octodon degus

Vivanco P, Rol MA, Madrid JA

Chronobiology Laboratory, Department of Physiology,
Faculty of Biology, University of Murcia, Murcia, Spain

Purpose: Octodon degus is a Chilean dual phasing rodent
that inverts its phase preference due to the availability of a
wheel running in its cage. It has been hypothesized that
this inversion is owed to thermoregulatory constrains in-
duced by vigorous physical exercise, thus activity is
moved to the night with lower environmental temperatures.
Thus, the aim of this work is to verify whether avoiding
overheating is responsible for nocturnal degu chronotype.
Methods: Sixteen male degus, individually housed, with
free access to a wheel running and a thermal heater lo-
cated under each plastic cage, were subjected to four ex-
perimental situations: 12:12 LD (control phase), 12:12 LD
with 12h of high temperature during the photophase, DD
maintaining the previous 12h of high temperature, and,
finally, DD with normal temperature. Wheel running activity
and body temperature were continuously recorded. Re-
sults: A 100% of nocturnal chronotypes were obtained with
high temperatures during the photophase. Nocturnal
chronotype acquisition and maintenance seems to imply
both the pacemaker and negative masking effects by light
and high temperature. Conclusions: High temperatures
during the day are clearly responsible for activity inversion,
indicating thermoregulatory constrains in this inversion,
however temperature and light interacts to generate and
maintain nocturnal chronotype in this species.

Funded by Seneca Foundation (P1/05700/07), by Instituto de Salud Carlos

Il (RETICEF, RD06/0013/0019), and by the Ministry of Education and
Science (BFU2007-60658/BFI)

7. PINEAL CELL BIOLOGY

Role of mPER1 in melatonin synthesis in the
mouse pineal gland

Christ E, Korf HW, von Gall C

Institute of Anatomy Il, Dr. Senckenbergische Anatomie,
Goethe Universitat, Frankfurt/Main, Germany
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Purpose: Nocturnal increase in melatonin synthesis in the
mouse pineal gland requires transcriptional activation of
the Aanat gene encoding for the penultimate enzyme in
melatonin synthesis. It is known that the Aanat promoter
contains an E-box element which can be controlled by
clock gene proteins. The transcriptional repressor mPER1
has been shown to be involved in the regulation of rhyth-
mic gene expression in a variety of tissues and PERL1 pro-
tein levels are increased in the pineal gland during night
time. To investigate the role of mMPERL in the regulation of
melatonin synthesis we compared mPER1-deficient and
WT mice. Methods: The diurnal changes in Aanat mRNA
expression, AANAT enzyme activity and melatonin con-
centrations in the pineal gland (and blood-serum) were
analyzed by QPCR, activity test, and RIA, respectively. In
addition, Aanat mMRNA expression and melatonin concen-
trations were analyzed in cultured pineal glands after
stimulation with noradrenalin (NA). Results: Aanat expres-
sion, AANAT enzyme activity and levels of melatonin dur-
ing late night were significantly elevated in the pineal of
mPER1 -/- mice compared to WT. In cultured pineal
glands of PER1 -/- mice the basal levels of Aanat expres-
sion and melatonin concentration were significantly ele-
vated as compared to WT mice and could not be further
elevated by stimulation with NA. Conclusion: The data
suggests an important role of mMPERL1 in the control of the
amplitude in Aanat mRNA expression.

Endogenous glucocorticoids regulates the
rhythmic expression of nuclear factor kappa B
(NFkB) in pineal gland of Syrian hamster

Ferreira ZS1, Bothorel B2, Markus RP1, Simon-
neaux V2

linstituto de Biociéncias, Dep. Fisiologia, USP;

2Institut des Neurosciences Cellulaires et Integratives,
Dep. Neurobiologie des Rhythmes, Université de, Stras-
bourg, France

Purpose: Considering the role for NFkB in the control of
Aa-nat gene in rat pineals we addressed its expression
and regulation in the Syrian hamster pineals. Methods:
NFkB-DNA complexes were analyzed by EMSA in pineal
nuclear extracts of Syrian hamster (Mesodricetus auratus)
under 14:10h light/dark cycle (LD). Results: Three NFkB-
DNA complexes were visualized being its specificity con-
firmed by competition with specific and non-specific unla-
beled oligonucleotides, as well as by the in vivo treatment
with the inhibitor PDTC (50-200 mg/kg, ip, ZT9), which
significantly inhibited the complexes in a dose-dependent
manner. A rhythmic constitutive variation of nuclear pineal
NFkB from animals sacrificed along 24h was found with a
peak of activity at ZT11 and the lowest levels at ZT21. The
effect of light on NFkB translocation was addressed in
animals kept in constant light condition (LL) the night be-
fore the sacrifice, showing a decrease in the peak of nu-
clear translocation as compared to animals in LD. A paral-
lel increase in the plasma levels of corticosterone (CORT)
at ZT11 was observed (1.56?0.20 vs 6.20?2.14 ng/ml;
n=3; p<0.05). The modulatory effect of endogenous
CORT on the nuclear translocation of NFKB was evi-
denced by the blockage of the glucocorticoid receptors
(GR). In animals under LL, the GR antagonist RU486 (50
mg/kg, ip, ZT14) restored the peak of NFKkB nuclear trans-
location as compared with non-treated animals (n=5).
Conclusion: These results show that the NFkB-DNA com-
plexes, which are rhythmically expressed in Syrian ham-

ster pineal glands, have its activity inhibited in LL. En-
dogenous CORT, through GR activation, has an important
role in the physiological control of NFkB translocation.
These data disclose an additional molecular pathway to
investigate the regulation of Aa-nat transcription in the
Syrian hamster.

Supported by CAPES, COFECUB, FAPESP, CNPq

Insulin temporal sensitivity and its signaling
pathway on rat pineal gland

Garcia-Peliciari RA, Marcal AC, Silva JA, do
Carmo-Buonfiglio D, Amaral FG, Cipolla-Neto J,
Carvalho CRO

Department of Physiology and Biophysics, Institute of Bio-
medical Sciences-I, University of Sdo Paulo, Brazil

Purpose: Due to the demonstrated potentiating effects of
insulin on norepinephrine-mediated melatonin synthesis
by the pineal gland, the aims of the present study were to
investigate the existence of differential sensitivity periods
to insulin as well as the protein components of insulin sig-
naling pathway (ISP) presence and the possible participa-
tion of MAPK and PI3K on melatonin synthesis. Methods:
Melatonin contents of in vitro and from pineal-
microdyalised animals were assayed by HPLC. The total
protein content and the phosphorylation state of some ISP
proteins were stablished by immunoblotting and immuno-
precipitation in norepinephrine-synchronized pineal gland
insulin-stimulated cultures. Results: According to the tem-
poral insulin susceptibility sensitivity protocol, two win-
dows of differential sensitivities were observed at begin-
ning and at the end of the norepinephrine-induced night.
The major ISP componentes as IRB, IGF-1R, IRS-1, IRS-
2 and PI3K were shown to be highly expressed in the pin-
eal gland, in addition to the basal phosphorylation levels
of pp85 and ppl185. Insulin is apparently not involved on
14-3-3:AANAT complex formation, nor on 14-3-3 phos-
phorylation. NE stimulation by itself caused an increase on
PMAPK 1 and 2 levels that was further stimulated by the
association of insulin. PI3K activation blockage by Wort-
mannin revealed a partial participation of PI3K on mela-
tonin synthesis potentiation by insulin. Conclusions: The
present study has characterized periods of differential
insulin-sensitivity in pineal gland on NE-induced night,
modulating melatonin synthesis, as well as commonly
expressed and recruited proteins by the ISP including:
IRB, IGF-1R, IRS-1and 2, PI3K, MAPK.

The roles of salt-inducible kinase 1 (SIK1) and
transducer of regulated CREB activity 2
(TORC2) in regulating arylalkylamine-N-
acetyltransferase (Aa-nat) transcription in the
rat pineal gland

Kanyo R1, Price DM1, Chik CL2, Ho AK1

Departments of 1Physiology and 2Medicine, U of Alberta,
Edmonton, Alberta, Canada

Purpose: To determine the roles of SIK1 and TORC2 on
Aa-nat transcription and the function of the phosphoryla-
tion sites Ser577 (PKA-site) of SIK1, and Serl71 (SIK1-
site) of TORC2, respectively, in the rat pineal gland. Meth-
ods: Rat pineal glands were collected during the light and
dark periods and mRNA levels of Sikl and Torc2 were
determined (real-time RT PCR). In cell culture studies,
pinealocytes were transfected with adenovirus expressing
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short hairpin targeting Sik1, wild type Sikl or Torc2, the
mutated Sik1l Ser577Ala or Torc2 Serl71Ala before stimu-
lation with norepinephrine (NE, 3 uM). Aa-nat expression
was determined by measuring the mRNA and protein
(immunoblot) levels, and enzymatic activity (radio-
enzymatic assay). Results: Although there was a nocturnal
induction of Sik1, Torc2 had no day/night rhythm. Overex-
pressing wild type Sikl1 inhibited Aa-nat transcription and
enzymatic activity after 4 h of NE stimulation. Transfection
of pinealocytes with the mutated Sik1 resulted in a more
potent inhibition on Aa-nat transcription compared with the
wild type. In contrast, overexpression of wild type Torc2
increased Aa-nat transcription and enzymatic activity after
12 h of NE stimulation. Transfection of pinealocytes with
the mutated Torc2 had a more potent effect on Aa-nat
transcription compared with the wild type. Moreover, over-
expression of Sikl was not able to suppress the enhanc-
ing effect of mutated Torc2 on Aa-nat mRNA. Similar re-
sults were obtained on other cAMP-regulated genes in-
cluding 5'deiodinase, cAMP inducible early repressor, and
mitogen-activated protein phophatase-1. Conclusion: The
importance of the phosphorylation sites of SIK1 and
TORC?2 in their function as an endogenous repressor and
transcriptional coactivator respectively are confirmed. This
SIK1/TORC2 mechanism may regulate the temporal ex-
pression profile of Aa-nat and other cAMP-regulated
genes in the rat pineal gland.

Mechanisms controlling melatonin secretion in
the turkey pineal gland - studies in vitro

Lewczuk B, Prusik M

Department of Histology and Embryology, Faculty of Vet-
erinary Medicine, University of Warmia and Mazury,
Olsztyn, Poland

Purpose: To describe mechanisms regulating the secre-
tion of melatonin (MLT) in the turkey pineal. Methods: The
explants of the turkey pineals were kept in the superfusion
culture under light cycles delayed, advanced and reversed
to those acquired in vivo as well as in continuous light or
darkness. They were exposed to light-impulses in continu-
ous darkness and during dark phases, treated with 8-
bromo-cAMP, inhibitors of transcription, translation and
proteolysis as well as agonists of adrenergic receptors.
Concentration of MLT in the culture medium was measur-
red by RIA. Results: 1) MLT secretion in the turkey pineal
gland adapted easily and accurately to different light con-
ditions; 2) the turkey pineal glands cultured in continuous
light and continuous darkness secreted MLT in circadian
fashion with rises at subjective nights; 3) light treatment
during scotophase inhibits MLT secretion and delayed or
advance the rhythm; 4) 8-bromo-cAMP strongly stimulated
the MLT release from the turkey pinealocytes; 5) MG-132
diminished or inhibited the effect of light on the MLT secre-
tion; 6) inhibitors of transcription and translation blocked
the night-time increase in the MLT release; 7) agonists of
adrenergic receptors strongly decreased the MLT secre-
tion. Conclusions: The MLT secretion in the turkey pineal
is regulated by an environmental light acting on local pho-
tosensitive cells, a circadian oscillator located in these
cells and by the adrenergic innervation. Activity of turkey
pinealocytes entrains quickly and accurately to changes in
light conditions. Therefore they are good models for chro-
nobiological studies. Night-time increase in the MLT secre-
tion is dependent of protein biosynthesis. The decrease of
MLT secretion under the light exposure is the effect of the

I
proteosomal proteolysis. cCAMP plays a key role in the
regulation of MLT secretion. The norepinephrine and alfa2
-agonists strongly inhibited the pineal hormone secretion.

The effect of norepinephrine and phorbol 12-
myristate-13-acetate on melatonin secretion
form bovine pineal explants in superfusion cul-
ture

Lewczuk B, Prusik M, Bulc M, Przybylska-
Gornowicz B

Department of Histology and Embryology, Faculty of Vet-
erinary Medicine, University of Warmia and Mazury,
Olsztyn, Poland

Purpose: To characterize: 1) kinetics of changes in the
secretion of melatonin (MLT) from bovine pinealocytes in
response to the treatment with adrenergic agonists and
phorbol 12-myristate-13-acetate (PMA); 2) role of tran-
scription and translation in the increase in MLT secretion
evoked by norepinephrine (NE), isoproterenol (ISO) and
PMA. Methods: The explants prepared from the pineals of
4-month-old bulls were incubated in the medium superfu-
sion for 15 hrs. They were treated with adrenergic agonists
alone and together with actinomycin D (Act) or cyclo-
heximide (CIx). Act and CIx were introduced to medium 1
hr before and during adrenergic stimulation. In some ex-
periments PMA was used instead of adrenergic agonists.
Results: The treatment of the pineal explants with NE and
ISO caused the biphasic, concentration-dependent, in-
crease in the MLT secretion. During the first, rapid phase
the MLT secretion raised 8 — 9 folds (NE at 10 microM)
within 30 minutes. Then, the pineal hormone release in-
creased slowly during next 120 - 180 minutes to reach the
maximal level (NE at 10 microM - ca 12 times over the
basal secretion). The treatment with Act did not influence
the increase in the MLT secretion caused by the NE. The
incubation in presence of ClIx eliminated the slow phase,
although it did not change the quick phase of the NE-
induced increase in MLT secretion. During incubation in
the presence of PMA a slow, but consecutive increase in
MLT secretion was noted. The maximal level (at 10 mi-
croM - ca 4 times higher than before treatment) was noted
at the end of incubation. The response to PMA was largely
decreased by Act and abolished by CIx. Conclusions: 1)
The increase in MLT secretion in bovine pinealocytes in
response to adrenergic stimulation involves both protein-
synthesis dependent and independent phenomena. 2)
PMA stimulates MLT secretion via a pathway involving
protein synthesis.

Effect of peritoneal leukocytes on AA-NAT
activity in the chicken (Gallus domesticus) and
Siberian hamster (Phodopus sungorus) pineal
glands cultured in vitro

Markiewicz H, Markowska M

Department of Animal Physiology, Faculty of Biology, Uni-
versity of Warsaw, Warsaw, Poland

Purpose: To characterize the effect of immune cells on AA
-NAT activity in pineal glands cultured in vitro. Methods:
The experiments were performed on 3-week-old chickens
keptin L:D =12:12 and adult Siberian hamsters kept in SD
= 8:16 and LD = 16:8 photoperiods. Isolated at midday or
midnight pineal glands were cultured in vitro for 24 - 30h in
37T (hamsters) or 41T (chickens), 5% CO2 atmosphe re.
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Control chicken pineal glands were cultured in medium
(RPMI) only, and those isolated from hamsters were addi-
tionally stimulated with neuropeptide Y (NPY). Experimen-
tal pineal glands were cultured in the presence of different
concentrations of peritoneal leukocytes. In cultures of Si-
berian hamster pineal glands part of peritoneal leukocytes
was stimulated with lipopolysaccharide (LPS). AA-NAT
activity was measured by the liquid biphasic diffusion
method. Results: Presence of peritoneal leukocytes in
culture modified significantly the AA-NAT activity in pineal
glands. In Siberian hamsters kept in LD we observed a
decrease in AA-NAT activity. This decrease was more
significant when leukocytes were stimulated with LPS. The
decrease in AA-NAT activity in pineal glands isolated from
hamsters kept in SD was observed only in the presence of
LPS-stimulated leukocytes. On the other hand, the AA-
NAT activity in chicken pineal glands increased signifi-
cantly in the presence of peritoneal leukocytes and was
cell-concentration dependent. Conclusion: The in vitro
activity of pineal gland measured by AA-NAT activity is
directly modulated by lymphoid cells, presumably through
the immune mediators — cytokines. However this effect is
species dependent

Genetics of the zebrafish shadow response

McLoughlin S, Kennedy BN

UCD School of Biomolecular and Biomedical Science, &
UCD Conway Institute, UCD, Belfield, Dublin 4, Ireland

Purpose: To characterise the shadow response in wild
type and visual mutant zebrafish larvae. Shadow re-
sponses are known to be evoked through the pineal of
larvae of the blind cavefish (Astyanax mexicanus) and the
frog (Xenopus laevis). Methods: Zebrafish larvae are
raised under normal light:dark conditions until 5 dpf. Mu-
tant larvae with visual defects are identified by OKR. On
the afternoon of the fifth day, larvae are placed in a 96-well
plate in the Viewpoint “Zebralab” system. The lights are
maintained ON for 2 hours, then 3 repeats of lights OFF
for 30 min followed by lights ON for 30 min. The “per sec-
ond” movement of each larva is recorded by video camera
and analyzed by Zebralab software and graphed. Results:
Wild type larval zebrafish exhibit distinct responses to a
sudden increase or decrease in local illumination. The
visual zebrafish mutants exhibit distinctively defective
shadow responses. Conclusion: We have identified 4
genes required for a normal shadow response in zebraf-
ish.

Evidence for differential photic regulation of
pineal melatonin synthesis in teleosts

Migaud H, Davie A, Vera LM, Taylor JF, Marti-
nez Chavez CC, Al-Khamees S

Institute of Aquaculture, University of Stirling, Stirling, UK

Purpose: The aim of this study was to first compare the
circadian control of melatonin production and second de-
termine sensitivity of the pineal gland in a range of teleosts
to demonstrate evolution of this core system within a sin-
gle vertebrate class. Methods: The impact of opthalec-
tomy on diel cycles of plasma melatonin was measured in
six different teleost species (Atlantic salmon, rainbow trout,
European seabass, Atlantic cod, Nile tilapia and African
catfish). Furthermore, the ex-vivo pineal gland sensitivity
to light was compared in salmon, cod and sea bass. Re-

sults: The plasma melatonin response to ophthalmectomy
was species specific. Results could be summarised as
demonstrating the presence of three forms of circadian
organisation. First, salmonids presented a decentralized
system in which the pineal gland responds directly to light
independently of the eyes. Then, in seabass and cod both
the eyes and the pineal gland are required to sustain full
night-time melatonin production. Finally, a third type of
circadian control of melatonin production is proposed in
tilapia and catfish in which the pineal gland would not be
light sensitive (or only slightly) and required the eyes to
perceive light and inhibit melatonin synthesis. The pineal
gland ex-vivo sensitivities to light intensity were variable
with there being up to a 10,000 fold difference in sensitivity
between species. Differences in spectral sensitivity were
also apparent. Conclusions: Results demonstrate that the
circadian control of melatonin production has dramatically
changed with at least three different systems being pre-
sent in teleosts. This, in conjunction with clear differences
in pineal light sensitivity, would suggest that mechanisms
involved in the perception of light and the transduction of
this signal through the circadian axis has changed in
teleosts possibly as a reflection of the photic environment
in which they have evolved in.

The pineal oscillators in chicken embryos need
no LD cycles to start

Nagy AD, Kommedal S, Seomangal K,
Matkovits A, Badis G, Butenschoén V, Csernus V

Department of Anatomy, Medical School, University of
Pécs, Hungary

Purpose: To characterize the 24-hour pattern of clk and
cryl mRNA expression in the pineal gland of chicken be-
fore hatching. Methods: Fertilized chicken eggs were incu-
bated under constant darkness (DD). Other environmental
factors such as temperature, humidity and egg rocking
were kept constant. Pineal glands were collected between
the 13th and 19th embryonic days (ED13-19) for semi-
quantitative RT-PCR using primers for chicken clk, cryl
and ?-actin mRNAs. For in vivo studies, glands were sam-
pled in 4 hour intervals within experiments of various
lengths. For in vitro studies, glands were placed in a multi-
channel flow-through system for 3 days under DD. Sam-
pling every 4 hours from the channels started on the sec-
ond day. Results: Between ED13-16, clk mRNA levels
showed a steady increase while cryl showed a continuous
decrease in vivo. In vitro, episodic changes in the levels of
clk and cryl mRNAs were seen with no circadian rhythm
between ED13-16. By ED17, the in vivo expression of both
clk and cryl increased. On ED18 and ED19, a tendency of
decrease (minimum at 6:00 h) followed by an increase
(maximum at 18:00 h) was detectable in the levels of both
clk and cryl mRNAs within one day, both in vivo and in
vitro. The patterns of embryonic expression of clock genes
under DD showed similar circadian changes from ED17 to
that seen in adult chickens kept under light/dark (LD) cy-
cles in vivo, however, with lower amplitude (50%). Conclu-
sions: For the generation of synchronized patterns of clock
gene expression at a certain point of pineal development,
rhythmic environmental factors are not essential in
chicken.

Pinealocytes in Common gull - ultrastructural
study
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Przybylska-Gornowicz B, Lewczuk B, Prusik M,
Bulc M, Kalicki M

Department Histology and Embryology, Faculty of Veteri-
nary Medicine, University of Warmia and Mazury, Olsztyn,
Poland

Purpose: To characterize of pinealocytes in the pineal
gland of Common gull, Larus canus. Methods: The pin-
eals of 6 young juvenile common gulls living in natural
conditions, which had been untreatably injured during
strong storms and qualified for euthanasia were used. The
birds were killed by administration of the lethal dose of
pentobarbital, the pineals were immediately removed and
prepared for ultrastructural examine. Results: The rudi-
mentary-receptor pinealocytes and secretory pinealocytes
were identified. Rudimentary-receptor pinealocytes dif-
fered with each other in size and shape; therefore we di-
vided these cells into two types, called A and B. The cells
of the A type were elongated and showed regular stratified
distribution of organelles which create zones. Pinealocytes
type B were much shorter than A, showed polarity of their
internal structure, but the regular distribution of all organ-
elles in form of zones was not observed. Cilia without cen-
tral pair of microtubules outgrew from the apical parts both
types of cells. In the basal processes of cells microtubules
as well as clear and dense vesicles were observed. Secre-
tory pinealocytes with nucleus located centrally in the cell
formed rather uniform population and contained irregularly
dispersed organelles. Common gull - specific feature of
pinealocytes was the presence of intracellular intrusions in
form crystals with regular inner structure and areas of gly-
cogen particles. It was possible to follow the successive
phases of glycogen accumulation in pinealocytes started
from one or more small foci of densely packed glycogen
particles, next formed the “glycogen lake”, which increased
in size and filled almost whole cytoplasmic compartment.
Conclusion: Two rudimentary-receptor pinealocyte types
and secretory pinealocytes have been identified in gland.
These cells show species-specific features - presence of
intracellular intrusions in form of crystals and glycogen
storage.

Daily rhythms in plasma and pituitary vasotocin
content: involvement in melatonin synthesis in
the pineal organ of rainbow trout

Rodriguez-lllamola A, Alvarez R, Mufoz JLP,
Soengas JL, Miguez JM

Department of Functional Biology and Health Sciences,
Faculty of Biology, University of Vigo. Spain

Introduction: Arginine vasotocin (AVT) is a neurohy-
pophysial peptide hormone analogue of mammalian vaso-
pressin (VP). Both hormones have been implicated in the
regulation of ionosmostic and water balance, but they
could have also a role in the regulation of melatonin
rhythms. As respect to AVT, previous studies in fish have
shown daily variations in plasma AVT levels, and a tempo-
rary relation between AVT and melatonin has been pro-
posed. Purpose: First, to characterize the daily rhythm of
pituitary AVT secretion in trout and its association with
environmental lighting cycle and second, to study the ef-
fects of AVT on melatonin secretion in trout pineal organ
cultures. Methods: In a first experiment, trout were kept
under natural photoperiod and in constant darkness, and
sampled at different times. The plasmatic and the pituitary
AVT contents were measured by gradient HPLC with fluo-

I
rescence detection. In a second experiment, the effect of
different concentrations of AVT on trout melatonin produc-
tion was studied in cultured pineal organs kept under sev-
eral lighting conditions. Results: The results showed a
clear rhythm in the pituitary and plasma AVT levels with
peaks during the day-night transition phase. Under con-
stant darkness, both pituitary and plasma AVT rhythms
remain unaltered with similar daily profiles than those ob-
served under natural photoperiod. In addition, we found
that treatment with AVT at concentrations from 10-9 and
10-11 M increased melatonin production in pineal organs
in vitro, particularly when assays were carried out under
light of low intensity. Conclusions: The results suggest the
existence of an endogenous rhythm of AVT production
that might play a role as a diurnal signal modulating mela-
tonin synthesis in fish pineal organ.

Postembryonic changes in the circadian rhythm
of the chicken pineal gland biosynthetic activity

Skwarlo-Sonta K, Piesiewicz A, Kedzierska U,
Podobas E, Majewski P

Department of Animal Physiology, Faculty of Biology, Uni-
versity of Warsaw, Poland

Purpose: To find interrelationships between circadian
rhythm of the activity of two enzymes in the melatonin bio-
synthetic pathway (serotonin N-acetyltransferase AA-NAT
and hydroxyindole-O-methyltransferase HIOMT) and the
level of precursors (tryptophan TRY and serotonin 5-HT)
and a product (melatonin MEL) in the pineal gland of the
early post-hatch male chickens. Methods: Pineal glands
from 2-, 9- and 16-day old birds kept from the day of hatch
in L:D 12:12 conditions were isolated under dim red light
every 2 hs over a 24 hs period, immediately frozen and
subsequently used for analysis of: AA-NAT and HIOMT
activity (liquid biphasic diffusion method), and TRY, 5-HT
and MEL content (ELISA). Results: Circadian rhythm of
the pineal AA-NAT activity, with a well pronounced noctur-
nal peak, was observed already in 2-day-old birds and this
pattern did not change with age while the amplitude in-
creased between 2- and 9-day of age. Similarly, MEL con-
tent in the pineal gland changed rhythmically since 2-day
of age, but neither the level nor amplitude exhibited age-
related differences. On the contrary — HIOMT activity
changes were age-dependent: in 2-day-old chickens the
activity did not exhibit rhythmicity while in 9- and 16-day-
old a bimodal rhythm appeared, and, moreover, the level
and amplitude increased with age. The diurnal changes in
the MEL precursors were not rhythmical and their content
did not increase between 9- and 16-day of age. Conclu-
sions: Rhythmical biosynthetic function of the chicken pin-
eal gland undergoes the post-embryonic modifications,
exhibited by an increase in ' ¥
the nocturnal peak of AA- '
NAT activity and MEL con-
tent during the first week of
the development. Lack of
their further increase does
not seem to depend on the
availability of TRY, being
several times more abun-
dant than MEL but the
developmental changes in
5-HT content seem to
have some limiting impact.
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Meetings

SRBR 12th Biennial Meeting
May 22, 2010 - May 26, 2010

The Society for Research on Biological Rhythms was
formed to promote the advancement of basic and
applied research in all aspects of biological rhythms,
to disseminate the important results of that research
among scientists, to the agencies that fund research
and to the general public, to enhance the education
and training of students and researchers in the field
and to foster interdisciplinary communication. Bien-
nial meetings provide an environment for the ex-

Conference

- July 5, 2010: first day of conference

« July 9, 2010: last day of conference, gala diner
Abstract submission

« December 1, 2009: on-line submission opens

« February 28, 2010: submission closes

- May 31, 2010: final decision on abstract acceptan-
ce

Ria de Uigo

change of ideas during scheduled scientific sessions,
as well as during informal gatherings.

The SRBR meeting in 2010 will be held at the San-
destin Golf and Beach Resort. All conference activi-
ties will take place at the Baytowne Conference Cen-
ter in the Sandestin Beach and Golf Resort.

http://www.srbr.org/Pages/SRBR_Meeting.aspx

Conference Contact Information  Michelle Chappell
Conferences & Institutes University of lllinois at Ur-
bana-Champaign Phone: 217-333-2880Fax: 217-333
-9561srbrconf@ad.uiuc.edu

2 tl'l COH{:CFCHC& GF thﬂ £5.C.
Vigo, Spain; July 5-9 2010

Registration information

« December 1, 2009: on-line registrations opens
e April 15, 2010: discount registration ends

« May 31, 2010: on-line registrations ends

The 26w Conference of the International
Society for Chronobiology (ISC)  will be held
at the E.T.S.l. Telecomunicacién, Campus
Universitario, University of Vigo, Vigo (Spain)
on July 5-9, 2010.

http://webs.uvigo.es/isc2010/
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Différencier retard de phase et retard d'endormissement

chez [‘adolescent

Résumé établi par le Dr Mathilde Ferry (Le Quotidie
d’apres la conférence de Patricia Franco (Unité de
a une session du congres de la SFRMS parrainée par

armi les nombreux adolescents en priva-

tion chronique de sommeil, les vrais syn-

dromes de retard de phase sont rares. Du

fait des conséquences cognitives et socia-
les importantes, la prévention de I'insomnie est in-
dispensable et passe par le contréle des facteurs
d’environnement.

Des modifications du sommeil se produisent de I'en-
fance a I'adolescence, sous l'effet de facteurs phy-
siologiques, environnementaux, psychologiques et
parfois psychopathologiques. Des processus intrin-
seques agissent sur les systemes homéostasique et
circadien, permettant la maturation du sommeil. Il se
produit, dés I'age de 12 ans, une diminution de 40
% du sommeil lent profond avec réduction de 60 %
des ondes delta, du fait d’'une diminution du nombre
des connexions synaptiques corticales et de I'activi-
té métabolique cérébrale. Une augmentation du
sommeil lent |éger permet de la compenser, d'ou
une stabilité de la durée totale de sommeil (9,25
heures). L'adolescent présente alors une somnolen-
ce diurne accrue et une évolution vers une typologie
vespérale plutét que matinale. Avec la maturation
pubertaire, I'neure d’endormissement est plus tardi-
ve et la sécrétion de mélatonine est retardée.

Plusieurs
hypothéses
ont été émi-
ses :

une augmen-
tation de la
durée de la
période in-
trinseque du
cycle circa-
dien chez
I'adolescent |
(24 h 27 min)
par rapport a
I"adulte
(24 h 12 min)

une augmen-
tation de sen-
sibilité au
retard de
phase induit par I'exposition a la lumiére.

Ainsi, I'évolution vers le retard de phase se fait entre
10 et 20 ans, plus précocement chez la fille que
chez le garcon, avec un effet inverse a partir de 20

n du Médecin, 4/12/2009),
sommeil pédiatrique, Lyon),
la SFC

ans. Il s'agit d'un retard de phase physiologique.
Des études ont mis en évidence le réle des hormo-
nes sexuelles sur les régulations circadienne et ho-
méostasique. Avec la maturation, les adolescents
se couchent plus tard (surtout le week-end) et donc
se levent plus tard, d’ot une diminution du sommeil
total, notamment les jours scolaires : des résultats
qui ont été retrouvés dans seize pays différents.
Aux processus intrinséques viennent s'ajouter des
facteurs extrinseques : diminution de l'influence pa-
rentale, augmentation de la pression scolaire
(horaires scolaires), de la pression sociale, de 'usa-
ge des technologies d’information et de communica-
tion (TV, ordinateur, téléphone portable), mais aussi
de la consommation de caféine, d'alcool et de ta-
bac. Enfin, des comorbidités psychiatriques peuvent
s'y associer (dépression, troubles bipolaires, trou-
bles de la personnalité...).

La prévalence des difficultés d’endormissement de
'adolescent est d’environ 17 %.ll peut s’agir d’'une
insomnie d'initiation du sommeil ou d’'un syndrome
de retard de phase (SRPS). La prévalence de I'in-
somnie de l'adolescent varie entre 4 et 10 %. Elle
début des I'age de 11 ans, d'abord chez les gar-
cons, puis prédomine chez les filles (x 2,75) aprés
I'apparition des menstruations. Il y a plus d’insomnie
d’initiation
gue de som-
meil de mau-
vaise qualité
et que d'in-
somnie de
maintien du
sommeil. Il
est a noter
que plus de
50 % des
insomnies
sont asso-
ciées a des
troubles psy-
chiatriques.
Quant au
SRPS, il
_concerne 7 a
10 % des
consultations
d’adultes insomniaques. Il apparait a I'adolescence,
plus souvent chez ceux qui présentent déja une
insomnie. En Europe, son taux est de 0,4 % chez

(Suite page 179)
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(Suite de la page 178)
les 15-18 ans. Il convient de faire la distinction entre
un SRPS et un aspect normal durant I'adolescence,
exacerbé par un comportement voulu (retard motivé
de la phase de sommeil). En effet, le vrai SRPS est
rare. Néanmoins, plus de 50 % des adolescents
avec un SRPS présentent des signes cliniques de
dépression. D’ou I'importance de toujours penser a
un facteur dépressif sous-jacent en cas de phobie
scolaire. Un agenda du sommeil (périodes scolaires
et non scolaires), une actimétrie, un dosage de mé-
latonine salivaire ou urinaire, et éventuellement une
polysomnographie permettront d’établir le diagnos-
tic. La distinction entre SRPS et insomnie sera por-
tée sur I'actimétrie pendant les jours non scolaires.
L'insomnie d’endormissement et le SRPS ayant
tous les deux un rythme de température centrale et
une sécrétion de mélatonine retardés, le dosage de
mélatonine et les courbes de température ont peu
d’intérét.

Vingt-cing & 87 % des adolescents pensent qu'ils ne
dorment pas assez. Trente a 60 % se plaignent de
somnolence diurne. De nombreux adolescents sont
en privation chronique de sommeil avec des consé-
guences neuropsychologiques non seulement sur
leur développement et leur comportement, mais
également sur leur métabolisme (ceux qui dorment
peu ont 58 % de risque de surpoids et d'obésité).
En outre, les accidents de la route et les accidents
domestiques augmentent.

La prise en charge de linsomnie de I'adolescent
porte principalement sur I'hygiéne de vie et de som-
meil : suppression des activités trop stimulantes
avec le coucher. La chronothérapie et la luminothé-
rapie peuvent étre utiles. La mélatonine est efficace
au niveau circadien. Enfin, une psychothérapie est
nécessaire en cas de dépression et de phobie sco-
laire.
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Chronobiologistes...

encore un effort pour vos contributions a Rythmes.

Vous devez participer a la vie de la Société Francophone de Chronobiologie en envoyant vos
contributions a Fabienne Aujard, rédactrice en chef de [§yr=~=<g

Seules sont acceptées les contributions sous forme informatique, textes et figures, noir et blanc
et couleurs. Cela assure la qualité de ce qui est produit, d'autant plus appréciable si vous optez
pour la lecture électronique, qui, elle, est en couleurs !

Vous devez envoyer vos contributions en document attaché. Les fichiers seront préférentielle-
ment sauvegardés au format .doc, *k.rtf, ou >.txt apres avoir été produits par un traitement de
texte standard. Pour tout autre format que ces formats répandus, nous consulter.

Il est impératif de nous faire parvenir un fichier texte sans retours a la ligne multiples, tout en
conservant l‘accentuation. De méme, ne mettez pas de lignes blanches pour marquer les para-
graphes ni mises en page complexes, que nous devrons de toutes facons changer pour rester
dans le style du journal.

Les images pourront étre en tiff, bmp, gif, jpeg, jpg ou png. Rythmes est mis en page sur un PC,
donc les formats PC sont préférés, car cela évite des manipulations.

Enfin, vous enverrez vos contributions par courrier électronique a fabienne.aujard@wanadoo.fr
avec copie a jean-francois.vibert@upmec.fr et jacques.beau@inserm.fr.
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